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OBJECTS AND RULES 


OF 
THE ASSOCIATION. 
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OBJECTS. 


Tur Association contemplates no interference with the ground occupied 
by other institutions. Its objects are:—To give a stronger impulse and 
a more systematic direction to scientific inquiry,—to promote the inter- 
course of those who cultivate Science in different parts of the British 
Empire, with one another and with foreign philosophers,—to obtain a 
more general attention to the objects of Science, and a removal of any 
disadvantages of a public kind which impede its progress. 


RULES. 
Admission of Members and Associates. 


All persons who have attended the first Meeting shall be entitled 
to become Members of the Association, upon subscribing an obligation 
to conform to its Rules. 

-The'Fellows and Members of Chartered Literary and Philosophical 
‘Societies publishing Transactions, inthe British Empire, shall be entitled, 
in like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, 
of Philosophical Institutions shall be entitled, in like manner, to become 
Members of the Association. 

All'Members of a Philosophical Institution recommended by its Coun- 
cil or Managing Committee shall be entitled, in hke manner, to become 
Members of the Association. 

Persons not belonging to such Institutions shall be elected by the 
General Committee or Council to become Life Members of the Asso- 
ciation, Annual Subscribers, or Associates for the year, subject to the 
approval of a General Meeting. 


Compositions, Subscriptions, and Privileges. 


Lire Mempers shall pay, on admission, the sam of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be 
published after the date of such payment. They are eligible to all the 
offices of, the Association. 

AnnvAL SupscriBeRrs shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of OnePound. They shall receive 
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gratuitously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. By omitting to pay this subscription in any par- 
ticular year, Members of this class (Annual Subscribers) lose for that end 
all future years the privilege of receiving the volumes of the Association 
gratis ; but they may resume their Membership and other privileges at any 
subsequent Meeting of the Association, paying on each such occasion the 
sum of One Pound. They are eligible to all the offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 


The Association consists of the following classes :— 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on 
admission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to 
the payment of One Poundannually. [May resume their Membership after 
intermission of Annual Payment. ] 

4, Annual Members admitted in any year since 1839, subject to the 
payment of Two Pounds for the first year, and One Pound in each 
following year. [May resume their Membership after intermission of 
Annual Payment. | 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 


And the Members and Associates will be entitled to receive the annual 
volume of Reports, gratis, or to purchase it at reduced (or Members’) 
price, according to the following specification, viz. :— 

1. Gratis.—Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, 
a further sum of Five Pounds. 

New Life Members who have paid Ten Pounds as a composition. 
Annual Members who have not intermitted their Annual Sub- 
scription. 

2. At reduced or Members’ Price, viz., two-thirds of the Publication Price. 
—Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, but no further sum as a Book 
Subscription. 

Annual Members who have intermitted their Annual Subseription. 
Associates for the year. [Privilege confined to the volume for 
that year only. | 

3. Members may purchase (for the purpose of completing their sets) any 
of the volumes of the Reports of the Association up to 1874, 
of which more than 15 copies remain, at 2s. 6d. per volume.! 


Application to be made at the Office of the Association. 

Volumes not claimed within two years of the date of publication can 
only be issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 


1 A few complete sets, 1831 to 1874, are on sale at £10 the set. 
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Meetings. 


The Association shall meet annually, for one week, or longer. The 
place of each Meeting shall be appointed by the General Committee not 
less than two years in advance!; and the arrangements for it shall be 
entrusted to the Officers of the Association. 


General Committee. 


The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. I¢ shall consist of the 
following persons :— 


Crass A. Permanent Mempers. 


1. Members of the Council, Presidents of the Association, and Presi- 
dents of Sections for the present and preceding years, with Authors of 
Reports in the Transactions of the Association. 

2. Members who by the publication of Works or Papers have fur- 
thered the advancement of those subjects which are taken into considera- 
tion at the Sectional Meetings of the Association. With a view of sub- 
mitting new claims under this Rule to the decision of the Council, they must be 
sent to the Assistant General Secretary at least one month before the Meeting 
of the Association. The decision of the Council on the claims of any Member 
of the Association to be placed on the list of the General Committee to be jinal. 


Crass B. Temporary Mempers.? 


1. Delegates nominated by the Corresponding Societies under the 
conditions hereinafter explained. Claims under this Rule to be sent to the 
Assistant General Secretary before the opening of the Meeting. 

2. Office-bearers for the time being, or delegates, altogether not ex- 
ceeding three, from Scientific Institutions established in the place of 
Meeting. Claims under this Rule to be approved by the Local Secretaries 
before the opening of the Meeting. 

3. Foreigners and other individuals whose assistance is desired, and 
who are specially nominated in writing, for the Meeting of the year, by 
the President and General Secretaries. 

4. Vice-Presidents and Secretaries of Sections. 


Organising Sectional Committees. 


The Presidents, Vice-Presidents, and Secretaries of the several Sec- 
tions are nominated by the Council, and have power to exercise the func- 
tions of Sectional Committees until their names are submitted to the 
General Committee for election. 

From the time of their nomination they constitute Organising Com- 
mittees for the purpose of obtaining information upon the Memoirs and 
Reports likely to be submitted to the Sections,‘ and of preparing Reports 


* Revised by the General Committee, Liverpool, 1896. 

? Revised, Montreal, 1884. 

8 Passed, Edinburgh, 187], revised, Dover, 1899. 

* Notice to Contributors of Memoirs—Authors are reminded that, under an 
arrangement dating from 1871, the acceptance of Memoirs, and the days on which 
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thereon, and on the order in which it is desirable that they should be 
read. ‘The Sectional Presidents of former years are ew officio members 


of the Organising Sectional Committees." am Be 

An Organising Committee may also hold s1 Wazeliminary meetings as 
the President of the Committee thinks expe , but shall, under any 
circumstances, meet on the first Wednesday orate Annual Meeting, at 


2 p.M., to appoint members of the Sectional Committee.? 


Constitution of the Sectional Committees.3 


On the first day of the Annual Meeting, the President, Vice-Presi- 
dents, and Secretaries of each Section, who will be appointed by the 
General Committee at 4 .P.m., and those previous Presidents and Vice- 
Presidents of the Section who may desire to attend, are to meet, at 2 p.m., 
in their Committee Rooms, and appoint the Sectional Committees by 
selecting individuals from among the Members (not Associates) present 
at. the Meeting whose assistance they may particularly desire. Any 
Member who has intimated the intention of attending the Meeting, and 
who has already served upon a Committee of a Section, is eligible for 
election as a Member of the Committee of that Section at its first 
meeting.* The Sectional Committees thus constituted shall have power 
to add to their number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute- 
Book, and a copy forwarded without delay to the Printer, who is charged 
with publishing the same before 8 a.m. on the next day in the Journal of 


the Sectional Proceedings. 


Business of the Sectional Committees. 


Committee Meetings are to be held on the Wednesday, and on the 
following Thursday, Friday, Saturday,’ Monday, and Tuesday, for the 
objects stated in the Rules of the Association.’ The Organising Committee 
of a Section is empowered to arrange the hours of meeting of the Section 
and the Sectional Committee except for Saturday.® et a 

The business is to be conducted in the following manner :— 


1. The President shall call on the Secretary to read the minutes of 
the previous Meeting of the Committee. 


they are to be read, are now as far as possible determined by Organising Committees 
for the several Sections before the beginning of the Meeting. It has therefore become 
necessary, in order to give an opportunity to the Committees of doing justice to the 
several Communications, that each author should ~repare an Abstract of his Memoir 
of a length suitable for insertion in the published Transactions of the Association, 
and that he should send it, together with the original Memoir, by book-post, on or 
efore’. sPetsdicsweaetecce eles , addressed to the! General ‘Secretaries, at the office of 
the Association. ‘For Section......... > If it should be inconvenient to the Author 
that his paper should be read on any particular days, he is requested to send in- 
formation thereof to the Secretaries in a separate note. Authors who send in their 
MSS. three complete weeks before the Meeting, and whose papers are accepted, 
will be furnished, before the, Meeting, with printed copies of their Reports and 
abstracts. No Report, Paper, or Abstract can be inserted in the Annual Volume 
unless it is handed either to the Recorder of the Section or to the Assistant General 
Secretary before the conclusion of the Meeting. 

1 Sheffield, 1879. * Swansea, 1880, revised, Dover, 1899. 

3 Edinburgh, 1871, revised, Dover, 1899. ‘ Glasgow, 1901. 

° The meeting on Saturday is optional, Southport, 1883. © Nottingham, 1893. 
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2. No paper shall be read until it has been formally accepted by the 
Committee of the Section, and entered on the minutes accord- 
ingly. 

8. Papers which have been reported on unfavourably by the Organ- 
ising Committees shall not be brought before the Sectional 
Committees. ! 


At the first meeting, one of the Secretaries will read the Minutes of 
last year’s proceedings, as recorded in the Minute-Book, and the Synopsis 
of Recommendations adopted at the last Meeting of the Association 
and printed in the last volume of the Report. He will next proceed to 
read the Report of the Organising Committee.? The list of Communi- 
cations to be read on Thursday shall be then arranged, and the general 
Aistribution of business throughout the week shall be provisionally ap- 
pointed? At the close of the Committee Meeting the Secretaries shall 
forward to the Printer a List of the Papers appointed to be read. The 
Printer is charged with publishing the same before 8 a.m. on Thursday 
in the Journal. 

On the second day of the Annual Meeting, and the following days, 
the Secretaries are to correct, on a copy of the Journal, the list of papers 
which have been read on that day, to add to it a list of those appointed 
to be read on the next day, and to send this copy of the Journal as early 
in the day as possible to the Printer, who is charged with printing the 
same before 8 A.M. next morning in the Journal, It is necessary that one 
of the Secretaries of each Section (generally the Recorder) should call 
at the Printing Office and revise the proof each evening. 

Minutes of the proceedings of every Committee are to be entered daily 
in the Minute-Book, which should be confirmed at the next meeting of 
the Committee. 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts 
of Memoirs furnished by Authors, are to be forwarded, at the close of the 
Sectional Meetings, to the Assistant General Secretary. 

The Vice-Presidents and Secretaries of Sections become e# officio 
temporary Members of the General Committee (vide p. xxxi), and will 
receive, on application to the Treasurer in the Reception Room, Tickets 
entitling them to attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association, and the com- 
munications made to the Sections at this Meeting, for the purposes of 
selecting definite points of research to which individual or combined 
exertion may be usefully directed, and branches of knowledge on the 
state and progress of which Reports are wanted; to name individuals or 
Committees for the executiou of such Reports or researches ; and to state 
whether, and to what degree, these objects may be usefully advanced by 
the appropriation of the funds of the Association, by application to 
Government, Philosophical Institutions, or Local Authorities. 

In case of appointment of Committees for special cbjects of Science, 
it is expedient that all Members of the Committee should be named, and 


1 Plymouth, 1877. 2 Edinburgh, 1871, 
1902. b 
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one of them appointed to act as Chairman, who shall have notified per- 
sonally or in writing his willingness to accept the office, the Chairman to 
have the responsibility of receiving and disbursing the grant (if any has 
been made) and securing the presentation of the report in due time ; and, 
further, it is expedient that one of the members should be appointed to. 
act as Secretary, for ensuring attention to’ business. 

That it is desirable that the number of Members appointed to serve on 
a Committee should be as small as is consistent with its efficient working. 

That a tabular list of the Committees appointed on the recommenda- 
tion of each Section should be sent each year to the Recorders of the 
several Sections, to enable them to fill in the statement whether the 
several Committees appointed on the recommendation of their respective 
Sections had presented their reports. 

That on the proposal to recommend the appointment of a Committee 
for a special object of science having been adopted by the Sectional 
Committee, the number of Members of such Committee be then fixed, 
but that the Members to serve on such Committee be nominated and 
selected by the Sectional Committee at a subsequent meeting. 

Committees have power to add to their number persons whose assist- 
ance they may require. 

The recommendations adopted by the Committees of Sections are to 
be registered in the Forms furnished to their Secretaries, and one Copy of 
each is to be forwarded, without delay, to the Assistant General Secretary 
for presentation to the Committee of Recommendations. Unless this be 
done, the Recommendations cannot receive the sanction of the Association. 

N.B.—Recommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Section before they can 
be referred to the Committee of Recommendations or confirmed by the 
General Committee, 


Notices regarding Grants of Money.” 


1. No Committee shall raise money in the name or under the auspices of 
the British Association without special permission from the General 
Committee to do so; and no money so raised shall be expended 
except in accordance with the Rules of the Association. 

2. In grants of money to Committees the Association does not contem- 
plate the payment of personal expenses to the Members. 

3. Committees to which grants of money are entrusted by the Association 
for the prosecution of particular Researches in Science are ap- 
pointed for one year only. Ifthe work of a Committee cannot be 
completed in the year, and if the Sectional Committee desire the 
work to be continued, application for the reappointment of the 
Committee for another year must be made at the next meeting of 
the Association. 

4, Hach Committee is required to present a Report, whether final or in- 
terim, at the next meeting of the Association after their appoint- 
ment or reappointment. Interim Reports must be submitted in 
writing, though not necessarily for publication. 


’ Revised by the General Committee, Bath, 1888. 
? Revised by the General Committee at Ipswich, 1895. 
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5. In each Committee the Chairman is the only person entitled to 
call on the Treasurer, Professor G. Carey Foster, F.R.S., for 
such portion of the sams granted as may from time to time be 
required. 

6. Grants of money sanctioned at a meeting of the Association expire on 
June 30 following. The Treasurer is not authorised after that 
date to allow any claims on account of such grants. 

7. The Chairman of a Committee must, before the meeting of the Asso- 
ciation next following after the appointment or reappointment of 
the Committee, forward to the Treasurer a statement of the sums 
which have been received and expended, with vouchers. The 
Chairman must also return the balance of the grant, if any, which 
has been received and not spent; or, if further expenditure is con- 
templated, he must apply for leave to retain the balance. 

8. When application is made for a Committee to be reappointed, and to 
retain the balance of a former grant which is in the hands of the 
Chairman, and also to receive a further grant, the amount of such 
farther grant is to be estimated as being additional to, and not 
inclusive of, the balance proposed to be retained. 

9. The Committees of the Sections shall ascertain whether a Report has 
been made by every Committee appointed at the previous Meeting 
to whom a sum of money has been granted, and shall report to the 
Committee of Recommendations in every case where no such 
report has been received. 

10. Members and Committees who may be entrusted with sums of money 
for collecting specimens of any description are requested to re- 
serve the specimens so obtained to be dealt with by authority of 
the Council. 

11. Committees are requested to furnish a list of any apparatus which 
may have been purchased out of a grant made by the Association, 
and to state whether the apparatus will be useful for continuing 
the research in question, or for other scientific purposes. 

12. All Instruments, Papers, Drawings, and other property of the Asso- 
ciation are to be deposited at the Office of the Association when 
not employed in scientific inquiries for the Association. 


Business of the Sections. 


The Meeting Room of each Section is opened for conversation shortly 
before the meeting commences. The Section Rooms and approaches thereto 
can be used for no notices, exhibitions, or other purposes than those of the 
Association. 

At the time appointed the Chair will be taken,’ and the reading of 
communications, in the order previously made public, commenced. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications 
delivered in may render such divisions desirable. 


1 The Organising Committee of a Section is empowered to arrange the hours 
of meeting of the Section and of the Sectional Committee, except for Saturday. 
b2 
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A Report presented to the Association, and read to the Section which 
originally called for it, may be read in another Section, at the request of 
the Officers of that Section, with the consent of the Author. 


Duties of the Doorkeepers. 


1. To remain constantly at the Doors of the Rooms to which they are 
appointed during the whole time for which they are engaged. 

2. To require of every person desirous of entering the Rooms the ex- 
hibition of a Member’s, Associate’s, or Lady’s Ticket, or Reporter’s 
Ticket, signed by the Treasurer, or a Special Ticket signed by the 
Assistant General Secretary. 

3. Persons unprovided with any of these Tickets can only be admitted 
to any particular Room by order of the Secretary in that Room. 


No person is exempt from these Rules, except those Officers of the 
Association whose names are printed in the Official Programme, p. 1. 


Duties of the Messengers. 


To remain constantly at the Rooms to which they are appointed dur- 
ing the whole time for which they are engaged, except when employed cn 
messages by one of the Officers directing these Rooms. 


Committee of Recommendations. 


The General Committee shall appoint at each Meeting a Committee, 
which shall receive and consider the Recommendations of the Sectional 
Committees, and report to the General Committee the measures which 
they would advise to be adopted for the advancement of Science. 

The ex officio members of the Committee of Recommendations are the 
President and Vice-Presidents of the Meeting, the General and Assistant- 
General Secretaries, the General Treasurer, the Trustees, and the Presidents 
of the Association in former years. 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects shall be submitted to the 
Committee of Recommendations, and not taken into consideration by the 
General Committee unless previously recommended by the Committee of 
Recommendations. 

All proposals for establishing new Sections, or altering the titles of 
Sections, or for any other change in the constitutional forms and funda- 
mental rules of the Association, shall be referred to the Committee of 
Recommendations for a report.! 

If the President of a Section is unable to attend a meeting of the 
Committee of Recommendations, the Sectional Committee shall be 
authorised to appoint a Vice-President, or, failing a Vice-President, 
some other member of the Committee, to attend in his place, due notice 
of the appointment being sent to the Assistant General Secretary.? 


1 Passed by the General Committee at Birmingham, 1865. 
? Passed by the General Committee at Leeds, 1890, 
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Corresponding Societies. 


1. Any Society is eligible to be placed on the List of Corresponding 
Societies of the Association which undertakes local scientific investiga- 
tions, and publishes notices of the results. 

2. Application may be made by any Society to be placed on the 
List of Corresponding Societies. Applications must be addressed to the 
Assistant General Secretary on or before the 1st of June preceding the 
Annual Meeting at which it is intended they should be considered, and 
must be accompanied by specimens of the publications of the results of 
the local scientific investigations recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be annually nomi- 
nated by the Council and appointed by the General Committee for the 
purpose of considering these applications, as well as for that of keeping 
themselves generally informed of the annual work of the Corresponding 
Societies, and of superintending the preparation of a list of the papers 
published by them. This Committee shall make an annuai report to the 
General Committee, and shall suggest such additions or changes in the 
List of Corresponding Societies as they may think desirable. 

4, Every Corresponding Societyshall return each year, on or before the 
1st of June, to the Assistant General Secretary of the Association, a 
schedule, properly filled up, which will be issued by him, ard which will 
contain a request for such particulars with regard to the Society as may 
be required for the information of the Corresponding Societies Committee. 

5. There shall be inserted in the Annual Report of the Association 
a list, in an abbreviated form, of the papers published by the Corre- 
sponding Societies during the past twelve months which contain the 
results of the local scientific work conducted by them; those papers only 
being included which refer to subjects coming under the cognisance of 
one or other of the various Sections of the Association. 

6. A Corresponding Society shall have the right to nominate any 
one of its members, who is also a Member of the Association, as its dele- 
gate to the Annual Meeting of the Association, who shall be for the time 
a Member of the General Committee. 


Conference of Delegates of Corresponding Societies. 


7. The Conference of Delegates of Corresponding Societies is em- 
powered to send recommendations to the Committee of Recommen- 
dations for their consideration, and for report to the General Committee. 

8. The Delegates of the various Corresponding Societies shall con- 
stitute a Conference, of which the Chairman, Vice-Chairmen, and Secre- 
taries shall be annually nominated by the Council, and appointed by the 
General Committee, and of which the members of the Corresponding 
Societies Committee shall be ew officio members. 

9, The Conference of Delegates shall be summoned by the Secretaries 
to hold one or more meetings during each Annual Meeting of the Associa- 
tion, and shall be empowered to invite any Member or Associate to take 
part in the meetings. 

10. The Secretaries of each Section shall be instructed to transmit to 


1 Passed by the General Committee, 1884. 
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the Secretaries of the Conference of Delegates copies of any recommen- 
dations forwarded by the Presidents of Sections to the Committee of 
Recommendations bearing upon matters in which the co-operation of 
Corresponding Societies is desired ; and the Secretaries of the Conference 
of Delegates shall invite the authors of these recommendations to attend 
the meetings of the Conference and give verbal explanations of their 
objects and of the precise way in which they would desire to have them 
carried into effect. 

11. It will bethe duty of the Delegates to make themselves familiar 
with the purport of the several recommendations brought before the Confer- 
ence, in order that they and others who take part in the meetings may be 
able to bring those recommendations clearly and favourably before their 
respective Societies. The Conference may also discuss propositions bear- 
ing on the promotion of more systematic observation and plans of opera- 
tion, and of greater uniformity in the mode of pubiishing results. 


Local Committees. 


Local Committees shall be formed by the Officers of the Association 
to assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may desire. 


Officers. 


A President, two or more Vice-Presidents, one or more Secretaries, 
and a Treasurer shall be annually appointed by the General Committee. 


Council. 


In the intervals of the Meetings, the affairs of the Association shall 
be managed by a Council appointed by the General Committee. The 
Council may also assemble for the despatch of business during the week 
of the Meeting. 


(1) The Council shall consist of ! 


1. The Trustees. 

2. The past Presidents. 

3. The President and Vice-Presidents for the time being. 

4, The President and Vice-Presidents elect. 

5. The past and present General Treasurers, General and 
Assistant General Secretaries. 

6. The Local Treasurer and Secretaries for the ensuing 
Meeting. 

7. Ordinary Members. 


(2) The Ordinary Members shall be elected annually from the 
General Committee. 


' Passed by the General Committee at Belfast, 1874. 
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(3) There shall be not more than twenty-five Ordinary Members, of 
whom not more than twenty shall have served on tbe Council, 
as Ordinary Members, in the previous year. 

(4) In order to carry out the foregoing rule, the following Ordinary 
Members of the outgoing Council shall at each annual election 
be ineligible for nomination :—1st, those who have served on 
the Council for the greatest number of consecutive years; and, 
2nd, those who, being resident in or near London, have 
attended the fewest number of Meetings during the year 
—observing (as nearly as possible) the proportion of three by 
seniority to two by least attendance. 

(5) The Council shall submit to the General Committee in their 
Annual Report the names of the Members of the General 
Committee whom they recommend for election as Members of 
Council. 

(6) The Election shall take place at the same time as that of the 
Officers of the Association. 


Papers and Communications. 


The Author of any paper or communication shall be at liberty to 
reserve his right of property therein. 


Accounts. 


The Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee. 
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TRUSTEES AND GENERAL OFFICERS, 1831—1903. 


TRUSTEES. 


1832-70 (Sir) R. I. Murcuison (Bart.), 
¥.R.S. 


1832-62 JoHN TAYLOR, Esq., F.R.S. 
1832-39 C. BABBAGE, Esgq,, F.B.8. 
1839-44 F. Barty, Esq., F.R.S. 
1844-58 Rev. G. PEACOCK, F.R.S. 
1858-82 General E. SABINE, F.RS. 
1862-81 Sir P. Egerton, Bart., F.R.S., 


GENERAL 


1831 JONATHAN GRAY, Esq. 
1832-62 JoHN TAYLOR, Esq., F.R.S. 
1862-74 W. SPoTTIswoopE, Esq., F.R.8. 


1 


| 


Sir J. LuBBock, Bart. (now Lord 
AVEBURY), F-.R.S5. 
1881-83 W. SPoTTISWOODE, Esq., Pres. 
R.S 


1872 


1883 Lord RAYLEIGH, F.RS. 
1883-98 Sir Lyon (afterwards Lord) 
PLAYFAIR, F.R.S. 


1898 Prof, (Sir) A. W. RUCKER, F.R.8. 


TREASURERS. 


1874-91 Prof. A. W. WILLIAMSON, F.R.S. 
| 1891-98 Prof. A. W, RUcKER, F.R.S. 
1898 Prof. G. C: Foster, F.R.S, 


GENERAL SECRETARIES. 


1832-35 Rev. W. VeRNoN Harcourt, 


FE.R.S. 
1835-36 Rev. W. Vernon HARcovuRT, 
F.R.S., and F, Batty, Esq., 
F.R.S. 
1836-37 Rev. W. VERNON HARCOURT, 
¥.R.S., and R. I. MurcHison, 
Esa., F. RS. 
1887-39 R. I. “MuURCHIB0N, Esq., F.B5., 
and Rev. G. PEAcock, F.R.S. 
1839-45 Sir R. I. Murcuison, F.R.S., 
and Major E. SABINE, F.R.S. 
1845-50 Lieut.-Colonel E. SABINE, F.R.S. 
1850-52 General E. SABINE, F.R.S., and 
J. ¥. Roy ge, Esgq., F.R.S. 
1852-53 J. F. Roy.z, Esq., F.R.S. 
1858-59 General E. SABINE, F.R.S. 
1859-61 Prof. R. WALKER, F.R.S. 
186i-62 W. Hopkins, Esq., F.R.S. 
1862-68 W. Horxtins, Esq., F.R.S., ahd 
Prof. J. PHILLIPS, F.R.S. 
1863-65 W. Hopkins, Esq., F.R.S., and 
F. GALTON, Esq., F.RS, 
1865-66 F. GALTON, Esq., F.RS. 
1866-68 F. GALToNn, Esq., F.R.S., and 
Dr. T. A. Hirst, F.R.S. 


\ 


1868-71 Dr. T. A. Higst, F.R.S., and Dr, 
T. THOMSON, FRS 
1871-72 Dr.T. THOMSON,F.B.S. and Capt. 
DouGLAS GALTON, F.R.S. 
1872-76 Capt. D. GALTON, #-.R.S., and 
Dr. MICHAEL Foster, F.R.S. 
1876-81 Capt. D. GALTON, F.R.S., and 
Dr. P. L. SCLATER, F.R.S. 
Capt. D. GALTON, F.R.S., arid 
Prof. F. M. BALFouR, F.R.S. 
Capt. DOUGLAS GALTON, F.R.S 
Sir DouGLAS GALTON, F.R.S., 
and A. G. VERNON HARCOURT, 
Esq., F.R.S. 
1895-97 A. G. VERNON HARCOURT, Esq,, 
F.R.S., and Prof. E. A. 
ScHArur, F.R.S. 


1881-82 


1882-83 
1883-95 


1897- Prof. ScHAFER, F.R.S., and Sir 

1900 W.C.ROBERTS-AUSTEN,F.R.S. 

1900-02 Sir W. C. ROBERTS-AUSTEN, 
F.R.S., and Dr. D. H. Scort, 
FBS. 

1902 Dr. D. H. Scort, F.R.S., and 
Major P. A. MAcMaAnHonN, 
¥.R.S. 


ASSISTANT GENERAL SECRETARIES. 


1831 JOHN PHILLIPS, Esq., Secretary. 
1832 ~=6Prof. J. D. Forsus, Acting 
Secretary. 

1832-62 Prof. JOHN PHILLIPS, F.R.S. 

1862-78 G. GRIFFITH, Esq., M.A. 

1878-80 J. E. H. Gorpon, Esq., B.A., 
Assistant Secretary. 

G. GRIFFITH, Esq., M.A., Acting 
Secretary. 


188] 


1881-85 Prof. T. G. Bonney, F.RS., 


Secretary. 

1885-90 A. T. ATCHISON, Esq, M.A,, 
Secretary. 

1890 G. GRIFFITH, Esq., M.A. Acting 
Secretary. 


1890-1902 G. GRIFFITH, Esq., M.A. 
1902 J. G. Gagson, Esq., M.D. 


liv 


REPOoRT—1902. 


Presidents and Secretaries of the Sections of the Associations 


Date and Place 


1832, 
1833, 
1834, 


1835. 
1836. 
1837. 
1838. 
1839. Birmingham} 


Presidents 


| Secretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 
COMMITTEE OF SCIENCES, I.—MATHEMATICS AND GENERAL PHYSICS. 


Oxford 
Cambridge 
Edinburgh 


Dublin 


wees 


Bristol...... 


Liverpool... 


Newcastle 


1840. Glasgow ... 


1841. 
1842, 


1843. 
1844. 
1845. 
1846, 
1847. 


1848. 


Plymouth 
Manchester 


seeesecee 


Cambridge 


Southamp- 
ton. 
Oxford 


Swansea ... 


Davies Gilbert, D.C.L., F.R.S. 
Sir D. Brewster, F.R.S. ...... 
Rev. W. Whewell, F.R.S. 


Rev. H. Coddington. 
Prof. Forbes. 
Prof. Forbes, Prof. Lloyd. 


SECTION A.—MATHEMATICS AND PHYSICS. 


Rey. Dr. Robinson 


‘Rev. William Whewell, F.R.S. 
|Sir D. Brewster, F.R.S. ...... 


Sir J. F. W. Herschel, Bart., 
F.R.S. 
Rey. Prof. Whewell, F.R.S.... 


Prof. Fotbes, FBS. ..csscsscess 


Rev. Prof. Lloyd, F.R.S....... 

Very Rev. G. Peacock, D.D., 
F.R.S. 

Prof. M‘Culloch, M.R.1.A. 

The Earl of Rosse, F.R.S. 

The Very Rev. the Dean of 
El 


y: 

Sir John F. W. Herschel, 
Batt., F.R.S, 

Rev. Prof. Powell, 

jee Se 

|Lord Wrottesley, F.R.S. 


M.A., 


Prof. Sir W. R. Hamilton, Prof. 
Wheatstone. 

|Prof. Forbes, W. S. Harris, F. W. 

| Jerrard. 

W. S. Harris, Rev. Prof. Powell, 

| Prof. Stevelly. 

Rev. Prof. Chevallier, Major Sabine, 
Prof. Stevelly. 

\J. D. Chance, W. Snow Harris, Prof. 
Stevelly. 

Rev. Dt. Forbes, Prof. Stevelly, 
Arch. Smith. 

Prof, Stevelly. 

Prof. M‘Culloch, Prof. Stevelly, Rev. 
W. Scoresby. 


...|J. Nott, Prof. Stevelly. 
...|Rev. Wm. Hey, Prof. Stevelly. 


Rev. H. Goodwin, Prof. Stevelly,. 
G. G. Stokes. 

John Drew, Dr. Stevelly, G. G.. 
Stokes. 

Rev. H. Price, Prof. Stevelly, G. G.. 
Stokes. 

Dr. Stevelly, G. G. Stokes, 


1849. Bitimingham William Hopkins, F.R.S.......|Prof. Stevelly, G. G. Stokes, W.. 


1850. 
1851. 
1852. 
1853. 
1854. 
18655. 
1856. 
1857, 


| 

Edinburgh |Prof. J. D. Forbes, F.R.S., 
Sec. R.S.E. 

Ipswich ...;Rev. W. Whewell, D.D., 
F.RB.S. 

Belfast......|Prof. W. Thomson, M.A., 
F.R.S., F.R.9.E. 

atv) peaeee The Very Rev. the Dean of 
Ely, F'.R.S. 

Liverpool...|Prof. G. G. Stokes, M.A., Sec. 
B.S. 

Glasgow ...|Rev. Prof. Kelland, M.A., 
F.RB.S., F.R.S.E. 

Cheltenham | Rev. R. Walker, M.A., F.R.S. 

Dublin....,.)Rev. T. R. Robinson, D.D., 


F.R.S. M.R.LA, 


| Ridout Wills. 
|W.J.Macquorn Rankine,Prof.Smyth,. 
Prof. Stevelly, Prof. G. G. Stokes. 

8. Jackson, W. J. Macquorn Rankine,. 
| Prof. Stevelly, Prof. G. G. Stokes. 
Prof. Dixon, W, J. Macquorn Ran-: 

kine, Prof. Stevelly, J. Tyndall. 
B. Blaydes Haworth, J. D. Sollitt,. 
Prof. Stevelly, J. Welsh. 
\J. Hartnup, H. G. Puckle, Prof.. 
Stevelly, J. Tyndall, J. Welsh. 
Rev. Dr. Forbes, Prof. D. Gray, Prof.. 
Tyndall. 
C. Brooke, Rev. T. A. Southwood, . 
Prof. Stevelly, Rev. J. C. Turnbull,. 
Prof. Curtis, Prof. Hennessy, P. A. 
Ninnis, W. J. Macquorn Rankine, . 


) Prof, Stevelly. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


lv 


ee 


Date and Place 


1858. Leeds 


ences 


1859. Aberdeen... 
1860. Oxford...... 
1861. Manchester 
1862. Cambridge 
1862. Newcastle 

1864. Bath 


seeeeeees 


1865. Birmingham 


1866. Nottingham 
1867. Dundee 
1868. Norwich ... 
1869, Exeter 


1870. Liverpool... 


1871. Edinburgh 


1872. Brighton... 
1873, Bradford ... 


1874. Belfast...... 


1875. Bristol 


1876. Glasgow 


1877. Plymouth... 
1878. Dublin.... 
1879. Sheffield ... 
1880. Swansea ... 
1881. York 


1882. Southamp- 
ton. 
1883. Southport 


1884. Montreal ... 


|W. Spottiswoode,M.A.,F.R.S., 
F.R.A.S. 
|\Prof. Wheatstone, D.C.L., 
| E.R.S. 
.../Prof. Sir W. Thomson, D.C.L.,| 
F.R.S. 
‘Prof. J. Tyndall, LL.D., 
F.R.S. 


Presidents 


V.P.R.S. 
| 
The Earl of Rosse, M.A., K.P.,| 
EBS. | 
\Rev. B. Price, M.A., F.RB.S....| 


G. B. Airy, M.A., D.C.L.,| 
F.B.S. 

Prof. G. G. Stokes, 
F.R.S. 

Prof.W.J. Macquorn Rankine, 
C.E., F.R.S. 

Prof. Cayley, M.A., F.R.S.,| 
F.R.A.S. 


M.A.,| 


Prof. J. J. Sylvester, LL.D., 
F.B.S. 

J. Clerk Maxwell, 
LL.D., F.R.S. 


M.A., 
Prof. P. G. Tait, F.R.S.E. ... 


W. De La Rue, D.C.L., F.B.S. | 
Prof, H. J. 8. Smith, F.R.S. .! 


Rev. Prof. J. H. Jellett, M.A.,| 
M.R.1LA. 


LL.D., F.R.S. 


...|Prof. Sir W. Thomson, M.A.,| 


D.C.L., F.R.S. 


Prof, G.C. Foster, B.A., F.R.S., 
Pres. Physical Soc. 


D.C.L., F.R.S. 

George Johnstone 
M.A., F.R.S. 

Prof. W. Grylls Adams, M.A., 
F.R.S. 

Prof. Sir W. Thomson, M.A., 
LL.D., D.C.L., F.R.8. 

Rt. Hon. Prof. Lord Rayleigh, 
M.A., F.R.S. 

Prof. O. Henrici, Ph.D., F.R.S. 


Stoney, 


Rev. Prof. Salmon, D.D.,| 


Prof. Sir W. Thomson, M.A., 
LL.D., D.C,L., F.R.S. 


\ 


\ 


Secretaries 


Rev. W. Whewell, D.D.,| Rev. S. Earnshaw, J. P. Hennessy, 


Prof. Stevelly, H.J.S.Smith, Prof. 
Tyndall. 

J. P. Hennessy, Prof. Maxwell, H. 
J. S. Smith, Prof. Stevelly. 

Rev. G. C. Bell, Rev. T. Rennison, 
Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 
Smith, Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. 8. 
Smith, Prof. Stevelly. 

Rev.N.Ferrers,Prof.Fuller, F.Jenkin, 
Prof. Stevelly, Rev. C. T. Whitley. 

Prof. Fuller, F. Jenkin, Rev. G. 
Buckle, Prof. Stevelly. 

Rey. T. N. Hutchinson, F. Jenkin, G. 
S. Mathews, Prof. H. J. S. Smith, 
J. M. Wilson. 

Fleeming Jenkin,Prof.H.J.S8. Smith, 
Rev. 8. N. Swann. 

Rev. G. Buckle, Prof. G. C. Foster, 
Prof. Fuller, Prof. Swan. 

Prof. G. C. Foster, Rev. R. Harley, 
R. B. Hayward. 

Prof. G. C. Foster, R. B. Hayward, 
W. K. Clifford. 

Prof. W. G. Adams, W. K. Clifford, 
Prof. G. C. Foster, Rey. W. Allen 
Whitworth. 

Prof. W. G. Adams, J. T. Bottomley, 
Prof. W. K. Clifford, Prof. J. D. 
Everett, Rev. R. Harley. 

Prof. W. K. Clifford, J. W. L.Glaisher, 
Prof. A. 8. Herschel, G. F. Rodwell. 

Prof. W. K. Clifford, Prof. Forbes, J. 
W.L. Glaisher, Prof. A.S. Herschel. 

J.W.L.Glaisher, Prof.Herschel, Ran- 
dal Nixon, J. Perry, G. F. Rodwell. 


Prof. Balfour Stewart, M.A.,| Prof. W. F. Barrett, J.W.L.Glaisher, 


QC. T. Hudson, G. F. Rodwell. 

Prof. W. F. Barrett, J. T. Bottomley. 
Prof. G. Forbes, J. W. L. Glaisher, 
T. Muir. 

Prof. W. F. Barrett, J. T. Bottomley, 
J. W. L. Glaisher, F. G. Landon. 
Prof. J. Casey, G. F. Fitzgerald, J. 
W. L. Glaisher, Dr. O. J. Lodge. 
A. H. Allen, J. W. L. Glaisher, Dr. 

0. J. Lodge, D. MacAlister. 

W. E. Ayrton, J. W. L. Glaisher, 
Dr. O. J. Lodge, D. MacAlister. 
Prof. W. E. Ayrton, Dr. 0. J. Lodge 
D. MacAlister, Rev. W. Routh. 
W. M. Hicks, Dr. O. J. Lodge, D. 
MacAlister, Rev. G. Richardson. 
W. M. Hicks, Prof. O. J. Lodge, 
D. MacAlister, Prof. R. C. Rowe. 
C. Carpmael, W. M. Hicks, A, John- 
son, O. J. Lodge, D. MacAlister. 


lvl 


REPORT—1902. 


1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892, 
1893. 
1894. 
1895. 
1896. 


1897. 
1898. 
1899. 
1900. 


1991, 


1902, 


1832. 
1833. 
1834. 


1835, 
1836. 


1837. 
1838. 


1839. 
1840. 


1841. 
1842, 


Date and Place Presidents Secretaries 
Aberdeen...|Prof. G. Chrystal, M.A.,| RB. E. Baynes, R. T. Glazebrook, Prof. 
F.R.S.E. W. M. Hicks, Prof. W. Ingram. 
Birmingham] Prof. G. H. Darwin, M.A.,/R. E. Baynes, R. T. Glazebrook, Prof. 
LL.D., F.R.S. J. H. Poynting, W. N. Shaw. 
Manchester | Prof. Sir R. S. Ball, M.A.,|/l. E. Baynes, R. T. Glazebrook, Prof. 
LL.D., F.R.S. H. Lamb, W. N. Shaw. 
BaD ecco Prof. G, F. Fitzgerald, M.A.,|R. E. Baynes, R. T. Glazebrook, A. 
F.R.S. Lodge, W. N. Shaw. 
Newcastle- | Capt. W. de W. Abney, C.B.,|R. E. Baynes, R. T. Glazebrook, A. 
upon-Tyne| R.E., F.R.S. Lodge, W. N. Shaw, H. Stroud. 
Leeds ...... J. W. L. Glaisher, Sc.D.,|R. T. Glazebrook, Prof. A. Lodge, 
F.R.S., V.P.R.A.S. W.N. Shaw, Prof. W. Stroud. 
Carditi ...c.s Prof. O. J. Lodge, D.Sc.,|R. E. Baynes, J. Larmor, Prof. A. 
LL.D., F.R.S. Lodge, Prof. A. L. Selby. 
Edinburgh |Prof. A. Schuster, Ph.D.,|/R. E. Baynes, J. Larmor, Prof. A. 
F.RB.S., F.R.A.S. Lodge, Dr. W. Peddie. 
Nottingham /|R. T. Glazebrook, M.A., F.R.S.|W. T. A. Emtage, J. Larmor, Prof. 
A, Lodge, Dr. W. Peddie. 
Oxford). >... Prof.A.W.Riicker, M.A.,F.R.S.| Prof. W. H. Heaton, Prof. A. Lodge, 
i J. Walker. 
Ipswich ...|Prof. W. M. Hicks, M.A.,| Prof. W. H. Heaton, Prof. A. Lodge, 
F.R.S8. G. T. Walker, W. Watson. 
Liverpool...|Prof. J. J. Thomson, M.A.,|Prof. W. H. Heaton, J. L. Howard, 
D.Sc., F.R.S. Prof. A. Lodge, G. T. Walker, W. 
Watson. 
Toronto ...|Prof. A. R. Forsyth, 41.A.,| Prof. W. H. Heaton, J.C. Glashan, J. 
F.R.S. L. Howard, Prof. J.C. McLennan, 
Bristol ...... Prof. W. E. Ayrton, F.R.S....| A. P. Chattock, J. L. Howard, C. H. 
Lees, W. Watson, E. T. Whittaker. 
Dover ...... Prof. J. H. Poynting, F.R.S.|J. L. Howard, C. H. Lees, W. Wat- 
son, E. 'T. Whittaker. 
Bradford...) Dr. J. Larmor, F.R.S.—Dep.| P. H. Cowell, A. Fowler, C. H. Lees, 
of Astronomy, Dr. A. A.| C. J. L. Wagstaffe, W. Watson, 
Common, F.R.S. E. T. Whittaker. 
Glasgow ...| Major P.A. MacMahon, F.R.S.|H.S.Carslaw, C H. Lees, W. Stewart, 
—Dep. of Astronomy, Prof.| Prof. L. R. Wilberforce. 
H. H. Turner, F.R.S. 
Belfast...... Prof. J. Purser,LL.D.,M.R.1.A.)H. S. Carslaw, A. R. Hinks, A. 
—Dep. of Astronomy, Prof.| Larmor, C. H. Lees, Prof. W. B. 
A. Schuster, F.R.S. Morton, A. W. Porter. 
CHEMICAL SCIENCE. 
COMMITTEE OF SCIENCES, Il.—CHEMISTRY, MINERALOGY. 
Oxford...... John Dalton, D.C.L., F.R.S. |James F. W. Johnston. 
Cambridge |John Dalton, D.C.L., F.R.S. | Prof. Miller. 
Hdinburgh yD rwElopedvccdececs clsaitac settee Mr. Johnston, Dr. Christison, 
SECTION B.—CHEMISTRY AND MINERALOGY. 
Dublin...... | Dr. T. Thomson, F.R.S. ......|Dr. Apjohn, Prof. Johnston. 
Bristol...... |Rev. Prof. Cumming ......... Dr. Apjohn, Dr. C. Henry, W. Hera- 
ath. 
Liverpool... Michael Faraday, F.B.S....... ‘prof, Johnston, Prof. Miller, Dr. 
| Reynolds. 
Newcastle Rev. William Whewell,F.R.S. | Prof. Miller, H. L. Pattinson, Thomas 
oaks Richardson. 
Birmingham | Prof. T. Graham, F.R.S. ......| Dr. Golding Bird, Dr. J. B. Melson. 
Glasgow .... Dr. Thomas Thomson, F.R.S.|Dr. R. D. Thomson, Dr. T. Clark, 
Dr. L. Playfair. 
Plymouth...| Dr. Daubeny, F.R.S.  .....00e. J. Prideaux, R. Hunt, W. M. Tweedy. 
Manchester ' John Dalton, D.C,L., F.R.S. 


| Dr. L. Playfair, R. Hunt, J. Graham, 


1847. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place 


1843. 
1844. 
1845. Cambridge 
1846. Southamp- 
ton. 
Oxford...... 


1848. Swansea ... 
1849. Birmingham 
1850. Edinburgh 


1851. Ipswich ..., 


1852. Belfast...... 
1853. Hull......... 


1854. Liverpool 


1855. Glasgow ... 
1856. Cheltenham 


1857. Dublin...... ) 


1858. Leeds ...... 
1859. Aberdeen... 
1860. Oxford...... 


1861. Manchester 
1862. Cambridge 


1863. Newcastle 

1864. Bath......... 
1865. Birmingham 
1866. Nottingham 
1867. Dundee 
1868. Norwich ... 
1869. Exeter...... 
1870. Liverpool... 
1871. Edinburgh 
1872. Brighton... 


‘1873. Bradford... 


1874. Belfast...... 


_ 1875. Bristol...... 
_ 1876. Glasgow ... 


\Prof, Apjohn, M.R.I.A......... 


. | Prof. 


Presidents 


= ——t 


Secretaries 


|Prof. T. Graham, F.R.S. ...... 
|Rev. Prof. Cumming .........| 
Michael Faraday, 
F.R.S. 

‘Rev. W. V. Harcourt, M.A., 
E.R.S. 

|Richard Phillips, F.R.S. ...... 
John Percy, M.D., F.R.S....... 
| Dr. Christison, V.P.R.S.E. ... 
Prof. Thomas Graham, F.R.8. 
‘Thomas Andrews,M.D.,F.R.5. 


D.C.L., 


Prof. J. F. W. Johnston, M.A., 
| F.R.S. 
|Prof.W. A.Miller, M.D.,F.R.S. 


Dr. Lyon Playfair,C.B.,F.R.S.) 

(Prof. B. C. Brodie, F.R.S. ... 

Prof. Apjohn, M.D., F.R.S8.,) 
M.R.LA. 

‘Sir J. F. W. Herschel, Bart., 

|. D.C.L. 

Dr. LyonPlayfair, C.B., F.R.S. | 


| Prof. B. C. Brodie, F.R.S...... 


| Prof. W.A.Miller, M.D.,F.B.S. | 

Prof. W.H.Miller, M.A.,F.B.S. | 

Dr. Alex. W. Williamson,| 
F.R.S. 

W. Odling, M.B., F.R.S....... 


Prof. W. A. Miller, 
V.P.R.S. 
H. Bence Jones, M.D., F.R.S. 


M.D., 


T. Anderson, 
F.R.S.E. 


M.D., 


Dr. H. Debus, F.RB.S. ......... 


Prof. H. E. Roscoe, B.A., 
F.R.S. 
Prof. T, Andrews, M.D.,F.R.S. 


Dr. J. H. Gladstone, F.R.S.... 

|Prof. W. J. Russel, F.R.S.... 

Prof. A. Crum Brown, M.D., 
F.R.S.E. 


‘A. G. Vernon Harcourt, M.A., 
F.RB.S. 


R. Hunt, Dr. Sweeny. 


/ Dr. L, Playfair, E. Solly, T. H. Barker. 
R. Hunt, J. P. Joule, Prof. Miller, 


i. Solly. 
Dr. Miller, R. Hunt, W. Randall. 


B. C. Brodie, R. Hunt, Prof. Solly. 


T. H. Henry, R. Hunt, T. Williams. 

R. Hunt, G. Shaw. ° 

Dr. Anderson, R. Hunt, Dr. Wilson. 

T. J. Pearsall, W. S. Ward. 

Dr. Gladstone, Prof. Hodges, Prof. 
Ronalds. 

H. S. Blundell, Prof. R. Hunt, T. J. 
Pearsall. 

Dr. Edwards, Dr. Gladstone, Dr. 
Price. 

Prof. Frankland, Dr. H. E. Roscoe. 

J. Horsley, P. J. Worsley, Prof. 
Voeicker. 

Dr. Davy, Dr. Gladstone, Prof. Sul- 
livan. 

Dr. Gladstone, W. Odling, R. Rey- 
nolds. 

J. 8S. Brazier, Dr. Gladstone, G. D. 
Liveing, Dr. Odling. 

A. Vernon Harcourt, G. D. Liveing, 
A. B. Northcote. 

A. Vernon Harcourt,G. D. Liveing. 

H. W. Elphinstone, W. Odling, Prof. 
Roscoe. 

Prof. Liveing, H. L. Pattinson, J. C. 
Stevenson. 

A. V. Harcourt, Prof. Liveing, R. 
Biggs. 

A. V. Harcourt, EH. Adkins, Prof, 
Wanklyn, A. Winkler Wills. 

J. H. Atherton, Prof. Liveing, W. J. 
Russell, J. White. 

A. Crum Brown, Prof. G. D. Liveing, 
W. J. Russell. 


Prof. E. Frankland, F.R.S.)Dr. A. Crum Brown, Dr. W. J. Rus- 


sell, F. Sutton. 

Prof. A. Crum Brown, Dr. W. J- 
Russell, Dr. Atkinson. 

Prof. A. Crum Brown, A. E. Fletcher, 
Dr. W. J. Russell. 

J. Y. Buchanan, W. N. Hartley, T. 
E. Thorpe. 

Dr. Mills, W. Chandler Roberts, Dr. 
W. J. Russell, Dr. T. Wood. 

Dr. Armstrong, Dr. Mills, W. Chand- 
ler Roberts, Dr. Thorpe. 

Dr. T. Cranstoun Charles, W. Chand- 
ler Roberts, Prof. Thorpe. 

Dr. H. E. Armstrong, W. Chandler 


W. H. Perkin, F.R.S. ......00. 


Roberts, W. A. Tilden. 
W. Dittmar, W. Chandler Roberts, 
J. M. Thomson, W. A. Tilden. 
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1877. Plymouth...|F. A. Abel, FUR.S........00000 os Dr. Oxland, W. Chandler Roberts, 
J. M. Thomson. 
1878, Dublin...... Prof. Maxwell Simpson, M.D.,|W. Chandler Roberts, J. M. Thom- 
F.RB.S. son, Dr. C. R. Tichborne, T. Wills. 
1879. Sheffield ...| Prof. Dewar, M.A., PRS. . .|H. 8. Bell, W. Chandler Roberts, 
J. M. Thomson. 
1880. Swansea ...| Joseph Henry Gilbert, Ph.D.,|P. P. Bedson, H. B. Dixon, W. R. E. 
F.R.S. Hodgkinson, J. M. Thomson. 
VOSl. Work tsi, Prof. A. W. Williamson, F'.R.S.|P. P. Bedson, H. B. Dixon, T. Gough. 
1882. Southamp- |Prof. G. D. Liveing, M.A.,/P. Phillips Bedson, H. B. Dixon, 
ton. RSs J. L. Notter. 
1883. Southport | Dr. J. H. Gladstone, F.R.S...|Prof. P. Phillips Bedson, H. B. 
Dixon, H. Forster Morley. 
1884. Montreal ...| Prof. Sir H. E. Roscoe, Ph.D.,| Prof. P. Phillips Bedson, H. B. Dixon, 
LL.D., F.R.S8. T. McFarlane, Prof. W. H. Pike. 
1885. Aberdeen...| Prof. H. E. Armstrong, Ph.D.,| Prof. P. Phillips Bedson, H. B. Dixon, 
F.R.S., Sec. C.S. H.ForsterMorley,Dr.W.J.Simpson. 
1886, Birmingham! W. Crookes, F.R.S., V.P.C.S. |P. P. Bedson, H. B. Dixon, H. F. Mor- 
ley,W.W. J. Nicol, C. J. Woodward. 
1887. Manchester |Dr. E. Schunck, F.R.S. ...... Prof. P. Phillips Bedson, H. Forster 
Morley, W. Thomson. 
1888. Bath......... Prof. W. A. Tilden, D.Sc.,!Prof.H.B. Dixon, H. Forster Morley, 
F.B.S., V.P.C.S. R. E. Moyle, W. W. J. Nicol. 
1889. Newcastle- |Sir J. Lowthian Bell, Bart.,/H. Forster Morley, D. H. Nagel, W. 
upon-Tyne|} D.C.L., F.R.S. W. J. Nicol, H. L. Pattinson, jun. 
1890. Leeds ...... Prof. T. E. Thorpe, B.Sc.,/C. H. Bothamley, H. Forster Morley, 
Ph.D., F.R.S., Treas. C.S. D. H. Nagel, W. W. J. Nicol. 
PSO Cardifis. sis: Prof. W. C. Roberts-Austen,)C. H. Bothamley, H. Forster Morley, 
C.B., F.R.S. W. W. J. Nicol, G. 8. Turpin. 
1892. Edinburgh | Prof. H. McLeod, F.B.S.......|J. Gibson, H. Forster Morley, D. H. 
Nagel, W. W. J. Nicol. 
1893. Nottingham| Prof. J. Emerson Reynolds,|J. B. Coleman, M. J. R. Dunstan, 
M.D., D.Sc., F.B.S. D. H. Nagel, W. W. J. Nicol. 
1894. Oxford...... Prof. H. B. Dixon, M.A.,F.R.S.|A. Colefax, W. W. Fisher, Arthur 
{ Harden, H. Forster Morley. 
SECTION B (continwed).—-CHEMISTRY. 
1895. Ipswich ...|Prof. R. Meldola, F.R.S. ......|E. H. Fison, Arthur Harden, C. A. 
| Kohn,J. W. Rodger. 
1896. Liverpool...’ Dr. Ludwig Mond, F.R.S. Arthur Harden, C. A. Kohn. 
1897. Toronto ...| Prof. W. Ramsay, F.R.S....... Prof. W. H- Ellis, A. Harden, C. A. 
| | Kohn, Prof. R. F. Ruttan. 
1898. Bristol...... Prof. F. R. Japp, F.R.S. ......|C.A.Kohn,F. W. Stoddart, T. K. Rose. 
1899. Dover ...... Horace T. Brown, F.B.S....... |A. D. Hall, C. A. Kohn, T. K. Rose, 
Prof. W. P. Wynne. 
1900. Bradford ... Prof. W. H. Perkin, F.R.S. ...;W. M. Gardner, F. S. Kipping, W. 
J. Pope, T. K. Rose. 
1901. Glasgow ... Prof, Percy F. Frankland,’ W.C. Anderson, G. G. Henderson, 
F.R.S. W. J. Pope, T. K. Rose. 
1902. Belfast...... Pro. Divers, PRS ccccssere F. Blake, M. O. Forster, Prof. 


IR. 
\ G, G, Henderson, Prof. W.J. Pope. 


GEOLOGICAL (ann, unm 1851, GEOGRAPHICAL) SCIENCE. 
COMMITTEE OF SCIENCES, III.—GEOLOGY AND GEOGRAPHY. 


1832. 


Oxford 


R. I. Murchison, F.R.S. 


1833. Cambridge./G. B. ae F.RBS. .. 


1834, Edinburgh . Prof, Jameson ... 


.|John Taylor. 
|W. Lonsdale, John Phillips. 


seeeeeseeeee (Oe Phillips, T, J. Torrie, Rev. J. Yates. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place 


1835. Dublin } 
1836. Bristol 


1837. Liverpool... 
1838. Newcastle.. 
1839. Birmingham 
1840. Glasgow ... 
1841. Plymouth... 
1842, Manchester | 
1843. Cork......... 


1844. York 
1845. Cambridge. 


se eeeenee 


1846. Southamp- 
ton. 
1847. Oxford...... 


1848. Swansea... 
1849. Birmingham 


1850. Edinburgh! 


1851. Ipswich ...| 


1852. Belfast...... | 


see eereee 


1853, Hull 
1854. Liverpool..! 


1855. Glasgow ... 
1856. Cheltenham | 


|Sir R. I. Murchison, F.R.S.... 


1857. Dublin 


«ozeeie | 

| 
Leeds ...... | 
Aberdeen...) 


1858. 
1859. 
1860. Oxford...... | 
1861. Manchester | 
1862. Cambridge 
1863. Newcastle 


1864. Bath......... 


‘The Lord Talbot de Malahide 


Presidents 
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Secretaries 


SECTION C.—GEOLOGY AND GEOGRAPHY. 


R. J. Griffith 
Rev. Dr. Buckland, F.R.S.—| 
Gcog.,R.I.Murchison,F.R.S. 
Rev. Prof. Sedgwick, F.R.S.— 
Geog.,G.B.Greenough,F.R.S. 
C. Lyell, F.R.S., V.P.G.S.— 
Geography, Lord Prudhoe. 
Rev. Dr. Buckland, F.R.S.— 
Geog.,G.B.Greenough,F.R.S, 
Charles Lyell, F.R.S.— Geog., 
G. B. Greenough, F.R.S. 
H. T. De la Beche, F.R.S. ... 


See e eraser eee eeeseas 


R. I. Murchison, F.R.S. . 


Richard E. Griffith, F.R.8.... 
Henry Warburton, Pres. G. S. 
Rev. Prof. Sedgwick, M.A. 

F.R.S. | 
Leonard Horner, F.R.S. ......| 


Very Rey.Dr.Buckland,F.R.S. 


Sir H. T. De la Beche, I'.R.8. 
Sir Charles Lyell, F.R.S....... 


Sir Roderick I. Murchison, 
F.B.S. 


SECTION C (continued). 
William Hopkins, M.A.,F.R.S. 


Lieut.-Col. 
F.R.S. 
Prof. Sedgwick, F.R.8......... 
Prof. Edward Forbes, F.R.S. 


Portlock, R.E., 


Prof, A. C. Ramsay, F.R.S.... 


William Hopkins,M.A., F.R.S. 

Sir Charles Lyell, LL.D., 
D.C.L., F.R.S. 

Rev. Prof. Sedgwick, F.R.S... 


Sir R. I. Murchison, D.C.L., 
LL.D., F.R.S. 
J. Beete Jukes, M.A., F.R.S. 


Prof. Warington W. Smyth, 
F.B.S., F.G.8. 


Captain Portlock, T. J. Torrie. 

William Sanders, 8. Stutchbury, 
T. J. Torrie. 

Captain Portlock, R. Hunter.—Geo- 
graphy, Capt. H. M. Denham,R.N. 

W. OC. Trevelyan, Capt, Portlock.— 

Geography, Capt. Wasnington. 

George Lloyd, M.D., H. E. Strick- 
land, Charles Darwin. 

W. J. Hamilton,D. Milne, H. Murray, 
H. E. Strickland, J. Scoular. 

W.J.Hamilton, Edward Moore, M.D., 
R. Hutton. 


.|E. W. Binney, R. Hutton, Dr. R. 


Lloyd, H. E. Strickland. 

F. M. Jennings, H. E. Strickland. 

Prof. Ansted, E. H. Bunbury. 

Rev. J. C. Cumming, A. C. Ramsay, 
Rey. W. Thorp. 

Robert A. Austen, Dr. J. H. Norton, 
Prof. Oldham, Dr. C. T. Beke. 

Prof. Ansted, Prof. Oldham, A. C. 
Ramsay, J. Ruskin. 

§.Benson, Prof.Oldham, Prof.Ramsay 

J. B. Jukes, Prof. Oldham, A. C. 
Ramsay. 

A. Keith Johnston, Hugh Miller, 
Prof. Nicol. 


— GEOLOGY. 


Cc. J. F. Bunbury, G. W. Ormerod, 
Searles Wood. 

James Bryce, James MacAdam, 
Prof. M‘Coy, Prof. Nicol. 
Prof. Harkness, William Lawton. 
John Cunningham, Prof. Harkness, 
G. W. Ormerod, J. W. Woodall. 
J. Bryce, Prof. Harkness, Prof. Nicol. 
Rey. P. B. Brodie, Rev. R. Hep- 
worth, Edward Hull, J. Scougall, 
T. Wright. 

Prof. Harkness, G. Sanders, R. H. 
Scott. 

Prof. Nicol, H. C. Sorby, E. W.Shaw. 

Prof. Harkness, Rey. J. Longmuir 
H. C. Sorby. 

Prof. Harkness, E. Hull, J. W. 
Woodall. 

Prof. Harkness, Edward Hull, T. 
Rupert Jones, G. W. Ormerod. 
Lucas Barrett, Prof. T. Rupert 

Jones, H. C. Sorby. 
E. F. Boyd, John Daglish, H. C. 
Sorby, Thomas Sopwith. 


Prof. J. Phillips, LL.D., 


E.R.S., F.G.S. 


W. B. Dawkins, J. Johnston, H. C, 
Sorby, W. Pengelly. 


1 Geography was constituted a separate Sectiou, see page lxy, 
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1865. Birmingham 
1866. Nottingham 


1867. Dundee 
1868. Norwich 


1869, Exeter ...... 
1870. Liverpool... 
1871. Edinburgh 
1872. Brighton... | 


1873. Bradford ... | 
1874. Belfast......| 
1875. Bristol 
1876. Glasgow .. 


1877. Plymouth... 
1878. Dublin 


1879. Sheffield ... 
1880. Swansea ... 
1881. York 


ween eens 


1882. Southamp- 
ton. 
1883. Southport 


1884. Montreal ... | 
1885. Aberdeen ... 
1886. Birmingham 
1887. Manchester 
1888. Bath 


1889. Newcastle- 
upon-Tyne | 
1890, Leeds 


1891. Cardiff......| 
1892. Edinburgh 
1893. Nottingham 


1894. Oxford 


Presidents 


Sir R. J. Murchison, Bart., 
K.C.B., F.B.S. 

|Prof. A. C. Ramsay, LL.D., 

F.R.S. 


..| Archibald Geikie, F.R.8....... 
..|R. A. C. Godwin-Austen, 


HERS,, EeG.s- 

| Prof. Rt. Harkness, F.R.S., 
E.G,S. 

Sir Philipde M.Grey Egerton, 
Bart., M.P., F.R.S. 

Prof. A. Geikie, F.R.S., F.G.S. 

R. A. C. Godwin-Austen, 

F.RB.S., F.G.S. 

Prof, J. Phillips, F.R.S. ...... 

Prof.) Eiall,’ M.A, RS, 
F.G.S. 

Dr. T. Wright, F.R.S.E., F.G.S. 


.| Prof. John Young, M.D. ...... 


W. Pengelly, F.R.S., F.G.S. 

John Evans, D.C.L., F.R.S., 
F.S.A., F.G.S. 

Prof. P. M. Duncan, F.R.S. 

H. C. Sorby, F.R.S., F.G.S.... 

A. C. Ramsay, LL.D., F.R.S., 
F.G.S. 

R. Etheridge, F.R.S., F.G.S. 


Prot... Wa (C: 
LL.D., F.R.S. 

W. T. Blanford, F.RS, Sec. 
G.S. 

Prof. J. W. Judd, F.R.S., Sec. 
G.S. 

Prof. T. G. Bonney, D.Sc., 
LL.D., F.R.S., F.G.S. 

Henry Woodward, LL.D., 
F.R.S., F.G.S. 

Prof. W. Boyd Dawkins, M.A., 
F.R.S., F.G.S. 

Prof. J. Geikie, LL.D., D.C.L.. 
F.R.S., F.G.S. 

Prof. A. H. Green, 
F.R.S., F.G.S. 

Prof. T. Rupert Jones, F.R.S., 
F.G.S. 

Prof. C, Lapworth, LL.D., 
F.R.S., F.G.S. 

J. J. H. Teall, M.A., F.R.S., 
F.G.S. 


Williamson, 


M.A., 


1895. Ipswich 


L. Fletcher, M.A., F.R.S. 


---| W. Whitaker, B.A., F.R.S. ...! 


1896. Liverpool...|J. E. Marr, M.A., F.B.S....... 


1897. Toronto 


...|Dr. G. M. Dawson, C.M.G., 


F.R.S. 


Secretaries 


Rev. P. B. Brodie, J. Jones, Rev. E. 
Myers, H. C. Sorby, W. Pengelly. 

R. Etheridge, W. Pengelly, T. Wil- 
son, G. H. Wright. 

|E. Hull, W. Pengelly, H. Woodward. 

Rev. O. Fisher, Rev. J. Gunn, W. 
Pengelly, Rev. H. H. Winwood. 

W. Pengelly, W. Boyd Dawkins, 
Rev. H. H. Winwood. 

W. Pengeliy, Rev. H. H. Winwood, 
W. Boyd Dawkins, G. H. Morton. 

R. Etheridge, J. Geikie, T. McKenny 
Hughes, L. C. Miall. 

L. C. Miall, George Scott, William 
Topley, Henry Woodward. 

L.C. Miall.R.H.Tiddeman,W.Topley. 

F. Drew, L. C. Miall, R. G. Symes, 
R. H. Tiddeman. 

L. C. Miall, E. B. Tawney, W. Topley. 

J. Armstrong, F. W. Rudler, W. 
Topley. 

Dr. Le Neve Foster, R. H. Tidde- 
man, W. Topley. 

E. T. Hardman, Prof. J. O’Reilly, 
R. H. Tiddeman. 

W. Topley, G. Blake Walker. 

W. Topley, W. Whitaker. 

J. E. Clark, W. Keeping, W. Topley, 
W. Whitaker. 

T. W. Shore, W. Topley, E. West- 
lake, W. Whitaker. 

R. Betley, C. E. De Rance, W. Top- 
ley, W. Whitaker. 

F. Adams, Prof. E. W. Claypole, W. 
Topley, W. Whitaker. 

C. E. De Rance, J. Horne, J. J. H. 
Teall, W. Topley. 

W. J. Harrison, J. J. H. Teall, W. 
Topley, W. W. Watts. 

J. E. Marr, J. J. H. Teall, W. Top- 
ley, W. W. Watts. 

Prof. G. A, Lebour, W. Topley, W. 
W. Watts, H. B. Woodward. 


Prof. G. A. Lebour, J. E. Marr, W. 


W. Watts, H. B. Woodward. 

J. E. Bedford, Dr. F. H. Hatch, J. 
E. Marr, W. W. Watts. 

W. Galloway, J. E. Marr, Clement 
Reid, W. W. Watts. 

H. M. Cadell, J. E. Marr, Clement 
Reid, W. W. Watts. 

J. W. Carr, J. E. Marr, Clement 
Reid, W. W. Watts. 


...|F. A. Bather, A. Harker, Clement 


Reid, W. W. Watts. 

F. A. Bather, G. W. Lamplugh, H. 
A. Miers, Clement Reid. 

J. Lomas, Prof. H. A. Miers, C. Reid. 

Prof. A. P. Coleman, G. W. Lamp- 
lugh, Prof. H. A. Miers. 


PRESIDENTS AND SHORETARIES OF THE SECTIONS, lxi 


| 


Date and Place Presidents Secretaries 
1898. Bristol ...... W. H. Hudleston, F.R.S....... iG. W. Lamplugh, Prof. H. A. Miers, 
H. Pentecost. 
1899, Dover ...... Sir Archibald Geikie, F.R.S. |J. W. Gregory, G. W. Lamplugh, 


Capt. McDakin, Prof. H. A. Miers. 
1900. Bradford ...| Prof. W. J. Sollas, F.R.S. ....H. L. Bowman, Rev. W. Lower 
Carter, G. W. Lamplugh, H. W. 


Monckton. 
1901. Glasgow ... John Horne, F.RB.S. ............ 'H. L. Bowman, H. W. Monckton. 
1902, Belfast...... Lieut.-Gen, C, A. McMahon,|H. L. Bowman, H. W. Monckton, 
pebtese | J, St. J, Phillips, H, J. Seymour. 


BIOLOGICAL SCIENCES. 
COMMITTEE OF SCIENCES, IV.—ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY, 


1832. Oxford...... |Rev. P. B. Duncan, F.G.S. ... |Rev. Prof. J. S. Henslow. 

1833, Cambridge'| Rev. W. L. P. Garnons, F.L.S.|/C. C. Babington, D. Don. 

1834, Edinburgh .| Prof. Graham...................., W. Yarrell, Prof. Burnett. 

SECTION D.—ZOOLOGY AND BOTANY. 
1835. Dublin...... Dr. Allman..... pusceswasthereesead ‘J. Curtis, Dr. Litton. 
1836. Bristol......| Rev. Prof. Henslow ............ ‘J. Curtis, Prof. Don, Dr. Riley, 8. 
| Rootsey. 

1837. Liverpool...|W. S. MacLeay.........s.ceeeees |C. C. Babington, Rey. L. Jenyns, W. 
Swainson. 

1838. Newcastle |Sir W. Jardine, Bart. ......... \J. E. Gray, Prof. Jones, R. Owen, 

; i | Dr. Richardson, 

1839. Birmingham | Prof. Owen, F.R.S. ..........05 E. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ...|Sir W. J. Hooker, LL.D....... Prof. W. Couper, E. Forbes, R. Pat- 
terson, 


1841. Plymouth... |John Richardson, M.D.,F.R.S. J. Couch, Dr. Lankester, R. Patterson. 
1842. Manchester |Hon. and Very Rev. W. Her- Dr. Lankester, R. Patterson, J. A, 


bert, LL.D., F.L.S. | Turner. 
1843. Cork......... William Thompson, F.L.S....|G. J. Allman, Dr. Lankester, R. 
Patterson. 
1844, York......... Very Rev, the Dean of Man- Prof. Allman, H. Goodsir, Dr. King, 
chester. Dr. Lankester. 


1845. Cambridge | Rev. Prof, Henslow, F.L.S...,|Dr. Lankester, T. V. Wollaston. 
1846. Southamp- /Sir J. Richardson, M.D., | Dr. Lankester, T. V. Wollaston, H. 


ton. F.RB.S. Wooldridge, 
1847. Oxford...... H. E, Strickland, M.A., F.R.S.'Dr. Lankester, Dr. Melville, T. V. 
Wollaston. 


SECTION D (continued).—zZOOLOGY AND BOTANY, INCLUDING PHYSIOLOGY. 
[For the Presidents and Secretaries of the Anatomical and Physiological Sub- 
sections and the temporary Section E of Anatomy and Medicine, see p. lxiv.] 


1848. Swansea ...|L. W. Dillwyn, F.R.S..........| Dr. R. Wilbraham Falconer, A, Hen- 
| frey, Dr. Lankester. 
1849, Birmingham William Spence, F.R.S. ......| Dr. Lankester, Dr. Russell, 


1850. Edinburgh | Prof. Goodsir, F.R.S. L. & E. | Prof. J. H. Bennett, M.D., Dr. Lan- 


kester, Dr. Douglas Maclagan. 
1851. Ipswich .../Rev. Prof. Henslow, M.A., | Prof. Allman, F. W. Johnston, Dr. E, 
| F.R.S. Lankester. 


1 At this Meeting Physiology and Anatomy were made a separate Committee 
for Presidents and Secretaries of which see p. lxiv. 
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Date and Place Presidents 
1852. Belfast...... W. Ogilby .....ccccssccerceceseses 
1853. Hull....... ..|C. C. Babington, M.A., F.R.S. 
1854. Liverpool...|Prof. Balfour, M.D., F.R.8.... 
1855. Glasgow ...|Rev. Dr. Fleeming, F.R.S.E, 
1856. Cheltenham |Thomas Bell, F.R.8., Pres.L.8. 
1857. Dublin...... Prof. W. H. Harvey, M.D., 
F.RB,S. 
1858. Leeds ...... C. C. Babington, M.A., F.R.S. 
1859. Aberdeen... |Sir W. Jardine, Bart., F.R.S.E. 
1860. Oxford...... Rev. Prof. Henslow, F.L.S.... 
1861. Manchester | Prof. C. C. Babington, F.R.S. 
1862. Cambridge | Prof. Huxley, F.R.S. ....,.... 
1863. Newcastle |Prof. Balfour, M.D., F.R.S.... 
S645 Babllecssceces Dr. John EH. Gray, F.R.S. 
1865. Birming-|T. Thomson, M.D,, F'.B.8. 
ham ! 

SECTION D (continued) 

1866. 


1867. 


1868 


1869. 


1870. 


1871 


1872 


Dundee 


of Physiol., Prof. Humphry, 
F.R.S,— Dep. of Anthropol., 
A. R. Wallace. 


...| Prof. Sharpey, M.D., Sec. R.S. 


—Dep. of Zool. and Bot., 
George Busk, M.D., F.R.S. 


. Norwich ...|Rev. M. J. Berkeley, F.L.S. 


—Dep. of Physiology, W. 
H. Flower, F.R.S. 


George Busk, F.R.S., F.L.S8. 
—Dep. of Bot. and Zool., 
C. Spence Bate, F.R.S.— 
Dep. of Ethno., KE. B. Tylor. 


. Liverpool..,| Prof.G. Rolleston, M.A., M.D., 


F.R.S., F.L.8.—Dep. of 
Anat. and Physiol., Prof.M. 
Foster, M.D., F.L.5.—Dep. 
of Ethno., J. Kvans, F.R.S. 


. Edinburgh .| Prof. Allen Thomson, M.D., 


F.R.S.—Dep. of Bot. and 
Zool.,Prof.WyvilleThomson, 


F.R.S.— Dep. of Anthropol., | 


Prof. W. Turner, M.D. 


. Brighton ...| SirJ. Lubbock, Bart.,F.R.S.— 


Dep. of Anat. and Physiol., 
Dr. Burdon Sanderson, 
F.R.S.—Dep. of Anthropol., 
Col. A. Lane Fox, F.G.S. 


Secretaries 


Dr. Dickie, George C. Hyndman, Dr. 
Edwin Lankester. 

Robert Harrison, Dr. E. Lankester, 

Isaac Byerley, Dr. E. Lankester. 

William Keddie, Dr. Lankester. 

Dr. J. Abercrombie, Prof. Buckman, 
Dr. Lankester. 

Prof. J. R. Kinahan, Dr. E. Lankester, 
Robert Patterson, Dr. W.E. Steele. 

Henry Denny, Dr. Heaton, Dr. H. 
Lankester, Dr. E. Perceval Wright. 

Prof. Dickie, M.D., Dr. E. Lankester, 
Dr. Ogilvy. 

W. 5S. Church, Dr. E. Lankester, P. 
L. Sclater, Dr. E. Perceval Wright. 

Dr. T. Alcock, Dr. E. Lankester, Dr. 
P. L. Sclater, Dr. E. P. Wright. 

Alfred Newton, Dr. E. P. Wright. 

Dr. E. Charlton, A. Newton, Rev. H, 
B, Tristram, Dr. E. P. Wright. 


...|H, B. Brady, C. E. Broom, H. T. 


Stainton, Dr. E. P. Wright. 


...|Dr. J. Anthony, Rev. C. Clarke, Rev. 


H. B. Tristram, Dr. EH. P. Wright. 


.— BIOLOGY. 
Nottingham] Prof. Huxley, F.R.S.—Dep.|Dr. J. Beddard, W. Felkin, Rev. H. 


| B. Tristram, W. Turner, E. B. 
Tylor, Dr. E. P. Wright. 


C. Spence Bate, Dr. S. Cobbold, Dr. 
M. Foster, H. T. Stainton, Rev. 
H. B. Tristram, Prof. W. Turner. 

Dr. T. 8. Cobbold, G. W. Firth, Dr. 
M. Foster, Prof. Lawson, H. T. 
Stainton, Rev. Dr. H. B. Tristram, 
Dr. E. P. Wright. 

Dr. T. 8. Cobbold, Prof. M. Foster, 
EH. Ray Lankester, Prof. Lawson, 
H. T, Stainton, Rev. H. B. Tris- 
tram. 

Dr. T. 8. Cobbold, Sebastian Evans, 
Prof. Lawson, Thos. J. Moore, H. 
T. Stainton, Rev. H. B. Tristram, 
C. Staniland Wake, E. Ray Lan- 
kester. 

Dr. T. R. Fraser, Dr. Arthur Gamgee, 
E. Ray Lankester, Prof. Lawson, 
H. T. Stainton, C. Staniland Wake, 
Dr. W. Rutherford, Dr. Kelburne 
King. 

Prof. Thiselton-Dyer, H. T. Stainton, 
Prof. Lawson, F. W. Rudler, J. H. 
Lamprey, Dr. Gamgee, E. Ray 
Lankester, Dr. Pye-Smith. 


The title of Section D was changed to Biology. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place Presidents 


Secretaries 


1873. Bradford ...| Prof. Allman, F.R.S.—Dep. of| Prof. Thiselton-Dyer, Prof. Lawson, 


Anat.and Physiol.,Prof. Ru- 
therford, M.D.— Dep. of An- 
thropol., Dr. Beddoe, F.R.S. 
1874, Belfast....., 
Zool. and Bot., Dr. Hooker, 
C.B.,Pres.R.S.— Dep. of An- 
throp., Sir W.R. Wilde, M.D. 
1875, Bristol ...... 
Anat. and Physiol., Prof. 
Cleland, F.R.S.——Dep. of 
Anth.,Prof.Rolleston,F.R.S. 
...|A. Russel Wallace, F.L.8.— 
Dep. of Zool. and Bot., 
Prof. A. Newton, F.R.S.— 
Dep. of Anat. and Physiol., 

Dr. J. G. McKendrick. 

1877. Plymouth...|J. Gwyn Jeffreys, F.R.S.— 
Dep. of Anat. and Physiol., 
Prof. Macalister.—Dep. of 
Anthropol.,F.Galton,F.R.S. 

Prof. W. H. Flower, F.R.S.— 
Dep. of Anthropol., Prof. 
Huxley, Sec. R.S.—Dep. 
of Anat. and Physiol., RB. 
McDonnell, M.D., F.R.S. 

1879. Sheffield ...|Prof. St. George Mivart, 
F.R.S.-—Dep. of Anthropol., 
KE. B. Tylor, D.C.L., F.R.S. 
—Dep. of Anat. and Phy- 
siol., Dr. Pye-Smith. 

A.C. L. Giinther, F.R.S.— Dep. 
of Anat. 5 Physiol., F. M. 
Balfour, F.R.S.—Dep. of 
Anthropol., F. W. Rudler. 

R. Owen, F.R.S.— Dep. of An- 
thropol., Prof. W.H. Flower, 
F.R.S.— Dep. of Anat. and 
Physiol., Prof. J. 8. Burdon 
Sanderson, F.R.S. 

Prof. A. Gamgee, M.D., F.R.S. 
— Dep. of. Zool. and Bot., 
Prof. M. A. Lawson, F.L.S. 
—Dep. of Antiropol., Prof. 
W. Boyd Dawkins, F.R.S. 

Prof. E. Ray Lankester, M.A., 
F.R.S.—Dep. of Anthropol., 
W. Pengelly, F.R.S. 


1876, Glasgow 


1878. Dublin 


1880. Swansea ... 


een. SY OrK.....2..: 


1882. Southamp- 
ton. 


1883. Southport! 


1884. Montreal ... 


Prof. H. N. Moseley, M.A., 
F.R.S. 

1885. Aberdeen...| Prof. W.C. M‘Intosh, M.D., 

LL.D., F.R.S., F.R.S.E. 


1886. Birmingham|W. Carruthers, Pres. L.S., 
F.RB.S., F.G.S. 


R. M‘Lachlan, Dr. Pye-Smith, E. 
Ray Lankester, F. W. Rudler, J. 
H. Lamprey. 


Prof. Redfern, M.D.—Dep. of| W.T. Thiselton-Dyer, R. O. Cunning- 


ham, Dr. J. J. Charles, Dr. P. H. 
Pye-Smith, J. J. Murphy, F. W. 
Rudler. 


P. L. Sclater, F.R.S.— Dep. of| E. R. Alston, Dr. McKendrick, Prof, 


W. R. M‘Nab, Dr. Martyn, F. W. 
Rudler, Dr. P. H. Pye-Smith, Dr. 
W. Spencer. 

E. R. Alston, Hyde Clarke, Dr. 
Knox, Prof. W. R. M‘Nab, Dr. 
Muirhead, Prof. Morrison Wat- 
son. 


E. R. Alston, F. Brent, Dr. D. J. 
Cunningham, Dr. C. A. Hingston, 
Prof. W. R. M‘Nab, J. B. Rowe, 
F. W. Rudler. 

Dr. R. J. Harvey, Dr. T. Hayden, 
Prof. W. R. M‘Nab, Prof. J. M. 
Purser, J. B. Rowe, F. W. Rudler. 


Arthur Jackson, Prof. W. R. M‘Nab, 
J. B. Rowe, F. W. Rudler, Prof, 
Schiifer. 


G. W. Bloxam, John Priestley, 
Howard Saunders, Adam Sedg- 
wick, 


G. W. Bloxam, W. A. Forbes, Rev. 
W. C. Hey, Prof. W. R. M‘Nab, 
W. North, John Priestley, Howard 
Saunders, H. EH. Spencer. 


G. W. Bloxam, W. Heape, J. B. 
Nias, Howard Saunders, A. Sedg- 
wick, T, W. Shore, jun. 


G. W. Bloxam, Dr. G. J. Haslem, 
W. Heape, W. Hurst, Prof. A. M, 
Marshall, Howard Saunders, Dr. 
G. A. Woods. 

Prof. W. Osler, Howard Saunders, A. 
Sedgwick, Prof. R. R. Wright. 

W. Heape, J. McGrebor-Robertson, 
J. Duncan Matthews, Howard 
Saunders, H. Marshall Ward. 


Prof. T. W. Bridge, W. Heape, Prof. 
W. Hillhouse, W. L. Sclater, Prof, 
H. Marshall Ward. 


? Anthropology was made a separate Section, see p. Ixxi, 
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Date and Place 


Presidents 


Secretaries 


1887, Manchester 


1888. Bath 


Newcastle - 
upon-Tyne 


1889, 
1890. Leeds ...... 
1891, Cardiff 


1892. Edinburgh 
1893. Nottingham! 


1894. Oxford? , 


1895. Ipswich 


1896. Liverpool... 


1897. Toronto 


1898. Bristol...... 
Dover 


Bradford ... 


1899. 
1900. 


eee eee 


1901. 
1902. 


Glasgow 
Beliast......| 


Prof, A. Newton, M.A., F.RB.S., 
F.L.S., V.P.Z.S. 


W. T. Thiselton-Dyer, C.M.G., 
E.R.S., F.L.S. 


Prof. J. §. Burdon Sanderson, 
M.A., M.D., F.R.S. 


Prof, A. Milnes Marshall, 
M.A., M.D., D.Sc., F.R.S. 
Francis Darwin, M.A., M.B., 

F.RB.S., F.L.S. 


Prof. W. Rutherford, M.D., 
F.B.S., F.R.8.E. 

Rev. Canon H. B. Tristram, 
M.A., LL.D., F.RB.S. 


.| Prof. I. Bayley Balfour, M.A., 


F.R.S, 


C. Bailey, F. E. Beddard, 8S. F. Har- 
mer, W. Heape, W. L. Sclater, 
Prof. H. Marshall Ward. 

F. E. Beddard, S. F. Harmer, Prof. 
H. Marshall Ward, W. Gardiner, 
Prof, W. D. Halliburton. 

C. Bailey, F. E. Beddard, 8. F. Har- 
mer, Prof. T. Oliver, Prof. H. Mar- 
shall Ward. 


|S. F. Harmer, Prof. W. A. Herdman, 


S. J. Hickson, F. W. Oliver, H. 
Wager, H. Marshall Ward. 

F. E. Beddard, Prof. W.A. Herdman, 
Dr. 8. J. Hickson, G. Murray, Prof. 
W.N. Parker, H. Wager. . 

G. Brook, Prof. W. A. Herdman, G. 
Murray, W. Stirling, H. Wager. 
G. ©. Bourne, J. B. Farmer, Prof. 
W. A. Herdman, 8. J. Hickson, 

W. B. Ransom, W. L. Sclater. 

W. W. Benham, Prof. J. B. Farmer, 
Prof. W. A. Herdman, Prof. S. J. 
Hickson, G. Murray, W. L. Sclater. 


SECTION D (continwed),—ZOOLOGY. 


ae W. A. Herdman, F.R.S:'G. C. Bourne, 
Prof, E. B. Poulton, F.R.S. ... 
|Prof. L. C. Miall, F.R.S, ...... 
Prof. W. F. R. Weldon, F.R.S. 


/Adam Sedgwick, F.R.S. ...... 
|Dr. R. 


H. ‘Traquair, F.R.S. ... 


Prof. G. B, Howes, F.R,5. 


W. 


H. Brown, W. E, 
Hoyle, W. L. Sclater. 

H. O. Forbes, W. Garstang, W. E. 

Hoyle. 

Garstang, W. E. Hoyle, Prof. 

E. E. Prince. 

Prof. R. Boyce, W. Garstang, Dr, 
A. J. Harrison, W. E. Hoyle. 


\W. Garstang, J. Graham Kerr, 


W. Garstang, J. G. Kerr, T. H. 
Taylor, Swale Vincent. 


... Prof. J. Cossar Ewart, F.R.S.'J. G. Kerr, J. Rankin, J. Y. Simpson. 
...| Prof. J. G. Kerr, R. Patterson, J. Y. 


Simpson. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 
COMMITTEE OF SCIENCES, V.—ANATOMY AND PHYSIOLOGY. 


1833. 
1834, 


Cambridge 
Edinburgh 


Seen e eee eeeneeeens 


ee eee aeeseseee 


Dr. H. J. H. Bond, Mr. G. E. Paget, 
Dr. Roget, Dr. William Thomson, 


SECTION E (UNTIL 1847).—ANATOMY AND MEDICINE. 


Dublin ...... 
Bristol 
Liverpool... 


1835. 
1836. 
1837. 


1838. Newcastle 


Dre WC peritchard ....<sc.a50 
Dr. P. M. Roget, F.R.S. 
Prof. W. Clark, M.D. 


T. E. Headlam, M.D. 


1839, Birmingham 
1840. Glasgow ... 


John Yelloly, M.D., F.R.S.... 
James Watson, M.D. 


Dr. Harrison, Dr. Hart. 


..| Dr, Symonds, 
amearsons Dr. J. Carson, jun., James Long, 


Dr. J. R. W. Vose. 


sc Gemiale’s T. M. Greenhow, Dr. J. R. W. Vose. 


Dr. G. O. Rees, F. Ryland. 
Dr.J.Brown, Prof. Couper, Prof. Reid. 


1 Physiology was made a separate Section, see p. Ixxii. 
2 The title of Section D was changed to Zoology. 
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Presidents 


Secretaries 


1841. 
1842. 
1843. 
1844, 
1845. 
1846. 


1847. 


1850. 
1855. 
1857. 
1858. 
1859. 
1860. 


1861. 
1862. 
1863. 


1864. 
1865. Birming- 


1846.Southampton 
1847. Oxford 
1848. Swansea 
1849, Birmingham 
1850, Edinburgh 


SECTION E.—PHYSIOLOGY. 


J. Butter, J. Fuge, R. S. Sargent. 
Dr. Chaytor, Dr. R. 8. Sargent. 


...| Dr. John Popham, Dr. R. 8. Sargent. 


I. Erichsen, Dr. R. 8. Sargent. 
Dr. R. 8. Sargent, Dr. Webster. 


...|C. P. Keele, Dr. Laycock, Dr. Sar- 


JT. K. Chambers, W. P. Ormerod. 


Prof, J. H. Corbett, Dr. J. Struthers. 
| Dr. R. D. Lyons, Prof. Redfern. 


Prof. Bennett, Prof. Redfern. 


.|Dr. R. M‘Donnell, Dr. Edward Smith, 


Dr. W. Roberts, Dr. Edward Smith. 
@. F. Helm, Dr. Edward Smith. 

| Dr. D. Embleton, Dr. W. Turner. 
iJ. S. Bartrum, Dr, W. Turner. 

P. Heslop, 


Plymouth...|P. M. Roget, M.D., Sec. B.S. 
Manchester | Edward Holme, M.D., F.L.S. 
COPS, icisneses Sir James Pitcairn, M.D. 
VOT Kio aiss eases J. C. Pritchard, M.D. ......... 
Cambridge | Prof. J. Haviland, M.D. ...... 
Southamp- | Prof. Owen, M.D., F.R.S. 
ton. gent. 
Oxford! ...| Prof. Ogle, M.D., F.RB.S. ......| 
PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 
Edinburgh | Prof. Bennett, M.D., F.R.S.E. 
Glasgow ...| Prof. Allen Thomson, F.R.8. 
Dublin...... Prof. R. Harrison, M.D. ...... 
Leeds ...... Sir B, Brodie, Bart., F.R.S. |C. G. Wheelhouse. 
Aberdeen...| Prof, Sharpey, M.D., Sec.R.S. 
Oxford...... Prof.G.Rolleston,M.D.,F.L.8 
Manchester | Dr. John Davy, F..R.S. ......... 
Cambridge |G. E. Paget, M.D...... decsehrans 
Newcastle | Prof. Rolleston, M.D., F.R.S. 
Bath..... ....|Dr. Edward Smith, F. R. Ss. 
'Prof, Acland, M.D., LL.D.,| Dr. A. Fleming, Dr. 


ham ” F.R.S. 


Oliver Pembleton, Dr. W. Turner. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 


[For Presidents and Secretaries for Geography previous to 1851, see Section C, 
p- lviii-] 


ETHNOLOGICAL SUBSECTIONS OF SECTION D. 


Dr. J. C. Pritchard 
Prof. H. H. Wilson, M.A. 


eee ereescese 


Ome e meee enereeeteeseaseeeeiibenesenese 


Vice- Admiral Sir A. ‘Malcolm 


1851. Ipswich ...|Sir R. I. Murchison, F.R.S., 

Pres. R.G.S. 

1852. Belfast...... pee Chesney, R.A., D.C.L., 
F.R.S. 

1853. Hull......... R. G. Latham, M.D., F.R.S. 
1854. Liverpool...|Sir R. I. Murchison, D.C.L., 
F.R.S. 

1855. Glasgow ... pe J. Richardson, M.D., 


F.R.S. 
1856. Cheltenham|Col. Sir H. C. Rawlinson,|/R. Cull, F. 
C.B. 
1857, 
‘1858. Leeds © 


K. 

Rev. Dr. J. Henthorn Todd, 
Pres.R.I.A. 

Sir R. I. Murchison, G.C.St.S., 
F.R.S. 


Dublin...... 


Dr. King. 


..|Prof. Buckley. 


G. Grant Francis. 
Dr. R. G. Latham, 
Daniel Wilson. 


SECTION E.—GEOGRAPHY AND ETHNOLOGY. 


R. Cull, Rev. J. W. Donaldson, Dr. 
Norton Shaw. 

R. Cull, R. MacAdam, Dr. Norton 
Shaw. 

R. Cull, Rev. 
Norton Shaw. 

Richard Cull, Rev. H. Higgins, Dr. 
Ihne, Dr. Norton Shaw. 

Dr. W. G. Blackie, R. Cull, Dr. 
Norton Shaw. 

D. Hartland, W. H. 
Rumsey, Dr. Norton Shaw. 

R. Cull, S. Ferguson, Dr. R. R. 
Madden, Dr. Norton Shaw. 

R. Cull, F. Galton, P. O’Callaghan, 
Dr. Norton Shaw, T. Wright. 


H. W. Kemp, Dr. 


' Sections D and E were incorporated under the name of ‘Section D—Zoology 


fnd Botany, including Physiology ’ 


Jwas assigned in 1851 to Geography, 


2 


‘Vide note on page 1xii. 


Ge 


(see yp. 1x1). 


Section I, being then vacant, 
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Date and Place 


1859. Aberdeen... 


1860. Oxford 


1861. Manchester 
1862. Cambridge 
1863. Newcastle | 
1864. Bath..:......| 


1865. Birmingham 
1866, Nottingham 


1867. Dundee 


.|Sir Samuel Baker, F.R.G.S. 


1868. Norwich ... 


1869, Hxéter...... 
1870. 
1871. 
1872, 
1873. 


1874. 


Livetpool... 
Edinbutgh 
Brighton . 
Bradford ... 
Belfast 


1875. Bristol 


1876. 
1877. 
1878. 


Glasgow ... 
Plymouth... 
Dublin...... 
1879. Sheffield ... | 
1880. Swansea ... 
1881. 
1882, 
1883. 
1884. 
1885. 
1886. 


1887. 


Southamp- 
ton. 
Southport 
Montreal ... 
Aberdeen... 


Birmingham 


Manchester 


|Sir Bartle Frere, 


| Sir R.1. Murchison, Bt., K.C.B., 


‘6 | Francis Galton, F.R.S.......... 


| Sir Rutherford Alcock, K.C.B 


Sir J.D. Hooker, K.CS.1,, 


Presidents 


Rear - Admiral Sir James 
Clerk Ross, D.C.L., F.R.S. 

Sineki. is Murchison, D.C. L., 
F.R.S. 

John Crawfurd, F.R.S.......... 


Francis Galton, F.R.S.......... 


Sir R. I. Murchison, K.C.B., 
E.RB.S. 

Sir R. I. Murchison, K.C.B., 
F.R.S. 

Major-General Sir H. Raw- 
linson, M;P., K.C.B., F.B.S. 

Sir Chatles Nicholson, Bart., 
LL.D. 


C. Carter Blake, 


Capt. G. H. Richards, R.N., 
F.R:S. 


Secretaries 


Richard Cull, Prof. Geddes, Dr. Nor- 
ton Shaw. 

Capt. Burrows, Dr. J. Hunt, Dr, C. 
Lempriére, Dr. Norton Shaw. 

Dr. J. Hunt, J. Kingsley, Dr. Not- 
ton Shaw, W. Spottiswoode. 


| J.W.Clarke, Rev. J.Glover, Dr. Hunt, 


Dr. Notton Shaw, T. Wright. 
Hume Greenfield, 
Crone Markham, R. S. Watson. 
iH. W. Bates, C. R. Markham, Capt. 

R. M. Murchison, T. Wright. 
H. W. Bates, 8. Evans, G. Jabet, 
C. R. Markham; Thomas Wright. 
H. W. Bates, Rev. E. T. Cusins, R. 
H. Major, Clements R. Markham, 
D. W. Nash, T. Wright. 
H. W. Bates, Cyril Graham, C. R. 
Markham, S. J. Mackie, R. Sturrock. 
T. Baines, H. W. Bates, Clements R. 
Markham, T. Wright. 


“SECTION E (continwed).—GEOGRAPHY. 


K.C.B., 
LL.D., F.R.G.S. 


LL.D.,D.C.L., F.B.S.F.G.S. 
Colonel Yule, C.B., F.R.G.S. 


Major ee R.E., F.B.S., | 
F.R.G.S 
Lieut. - General Strachey, 
R.E., C.8.1., F.R.S., F.R.G.S. 
Capt. Evans, C.B., F.RB.S....... 
Adm. Sir E. Ommanney, C.B. 
Prof. Sir C. Wyville Thom- 
son, LL.D.,F.R.S., F.R.S.E. 
Clements R. Markham, C.B., 
F.R.S., Sec. R.G.S. 
Lieut.-Gen. Sir J. H. Lefroy, | 


C.B., K.C.M.G., R.A., F.R.S. 


C.B., F.R.S. 

Sir R. Temple, Bart., G.C.S.L, 
F.R.GS. 

Lieut.-Col. H. H. Godwin- 
Austen, F.R.S. 

Gen. Sir J. H. Lefroy, C.B., 
K.C.M.G., F.B.S.,V.P.2.G.S. 

Gen. J. T. Walker, C.B., R.E., 
LL.D., F.R.S. 

Maj.-Gen. Sir. F. J. Goldsmid, 
K.C.8.1., C.B., F.R.G.S. 

Col. Sir C. Warren, R.E. 


G.C.M.G., F.R.S., F.B.G.S. 


|H. W. Bates, Clements R. Markham, 


J. H. Thomas, 
| H.W.Bates, David Buxton, Albert J. 
Mott, Clements R. Markham. 


‘A. Buchan, A. Keith Johnston, Cle- 


ments R. Markham, J. H. Thomas. 


'H. W. Bates, A. Keith Johnston, 


Rev. J. Newton, J. H. Thomas. 


. H. W. Bates, A. Keith Johnston, 


Clements R. Markham, 
E.G. Ravenstein, E. C. Rye, J. H. 
Thomas. 
H. W. Bates, E. C. 
Tuckett. 
H. W. Bates, EK. C. Rye, R. O. Wood. 
H. W. Bates, F’. E. Fox, H. C. Rye. 
John Coles, E. C. Rye. 


Rye, F. F. 


'H. W. Bates, C. E. D. Black, E. C, 


Rye. 
H. W. Bates, E. C. Rye. 


J. W. Barry, H. W. Bates. 
E. G. Ravenstein, E. C. Rye. 
John Coles, E. G. Rayenstein, E. C. 


Rye. 
| Rev.AbbéLaflamme, J.S. O'Halloran, 


E. G. Ravenstein, J. F. Torrance. 
J.S. Eeltie, J S. O'Halloran, E. G, 
Ravenstein, Kev. G. A. Smith. 
F. T. S. Houghton, J. S. Keltie, 
E. G. Ravenstein. 


,/Rev. L..C. Casartelli, J. 8. Keltie, 


H. J. Mackinder, E. G. Ravenstein: 
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Date and Place 


1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 


1833. 
1834, 


1835. 
1836. 


1837. 
1838. 


Presidents 


Secretaries 


Newcastle- 
upon-Tyne 
Leeds 


Cardiff ...... 
Edinburgh 
Nottingham 
Oxford...... 
Ipswich ... 
Liverpool.. 
Toronto 

Bristol 


eeenee 


Dover ...... 
Bradford ... 
Glasgow ... 


Belfast 


Cambridge 
Edinburgh 


Dublin 
Bristol...... 


Liverpool... 


Newcastle 


1839, Birmingham 


1840. 
1841, 
1842. 


1843. 
1844. 


1845. 
1846. 


ap ton. 
1847. Oxford. 


Glasgow ... 
Plymouth... 


Manchester 


Cambridge 
Southamp- 


Col. Sir C. W. Wilson, R.E., 
K.C.B., F.R.S., F.R.G.S. 
Col. Sir F. de Winton, 
K.C.M.G., C.B., F.B.G.S. 
Lieut.-Col. Sir R. Lambert 
Playfair, K.C.M.G., F.R.G.S. 

E. G. Ravenstein, F.R.G.S., 
E.S.8. 

Prof, J. Geikie, D.C.L., F.R.S., 
V.P.BR.Scot.G.8. 

H. Seebohm, Sec. B.S., F.L.58., 
F.Z.S. 

Capt. W. J. L. Wharton, R.N., 
F.R.S 

Hd. ” Mackinder, 
F.R.G.S. 


M.A. 


-| Major L. Darwin, Sec. R.G.8. , 
.|J. Scott-Keltie, LL.D. 


Col. G. Earl Church, F.R.G.S. 
Sir John Murray,-F.B.58. 
Sir George 8. Robertson, 


K.C.8.I1. 
| Dr. H. R. Mill, F.R.G.S. 


.. Sir T. H. Holdich, K.C.B. ... 
| 


J. &. Keltie, H. J. Mackinder, E. G. 
Ravenstein. 

J. S. Keltie, H. J. Mackinder, R. 
Sulivan, A. Silva White. 

|A. Barker, John Coles, J. 8. Keltie, 

A. Silva White. 

\John Coles, J. S. Keltie, H. J. Mac- 
kinder, A. Silva White, Dr, Yeats. 

J. G. Bartholomew, John Coles, J. S. 

| Keltie, A. Silva White. 

Col. F. Bailey, John Coles, H. O. 
Forbes, Dr. H. R. Mill. 

\John Coles, W. S. Dalgleish, H. N. 
Dickson, Dr. H. R. Mill. 

»|John Coles, H. N. Dickson, Dr. H. 
R. Mill, W. A. Taylor. 
Col. F. Bailey, H. N. Dickson, Dr. 
H. R. Mill, E. C. DuB. Phillips. 
Col. F. Bailey, Capt. Deville, Dr. 
H. R. Mill, J. B. Tyrrell. 

H.N. Dickson, Dr. H. R. Mill, H. C. 
Trapnell. 

H. N. Dickson, Dr. H. O. Forbes, 
Dr. H. R. Mill. 

H. N. Dickson, E. Heawood, E. R. 
Wethey. 

H. N. Dickson, E. Heawood, G. 
Sandeman, A. C. Turner. 

|G. G. Chisholm, E. Heawood, Dr. 

A.J. Herbertson, Dr. J. A. Lindsay. 


STATISTICAL SCIENCE. 
COMMITTEE OF SCIENCES, VI.—STATISTICS. 


Prof. Babbage, F.R.S. . 
Sir Charles Lemon, Bart... Reseate 


J. H. Drinkwater. 
oD. Cleland, C. Hope Maclean. 


SECTION F.—STATISTICS, 


|Charles Babbage, F.R.S. . 
Sir Chas. Lemon, Bart., F. R. s.| 


Rt. Hon. Lord Sandon 


see eneeee 


Colonel Sykes, F.R.8. 
Henry Hallam, F.R. a 


Lord Sandon, M.P., F.R.S. 

'Lieut.-Col. Sykes, F.R.S 

G. W. Wood, M.P., F.L.S. ... 

Sir C. Lemon, Bart., M.P. 

Lieut.- Col. Sykes, F.R.S., 
F.L.S. 


Rt. Hon. the Earl Fitzwilliam 
GOR. .borbes, BURG. o:.0.3285 evs 


1848, Swansea ...,J. H. Vivian, M.P., F.B.S. ... 


| Travers Twiss, D.C.L., F.R.8. 


. W. Greg, Prof. Longfield. 
Rev. J. EH. Bromby, C. B. Fripp, 
James Heywood. 
|W. R. Greg, W. Langton, Dr. W. C. 
| Tayler. 


... W. Cargill, J. Heywood, W.R. Wood. 
NT: Clarke, R. W. Rawson, Dr. W. C. 


| Tayler. 
‘Cc. R. Baird, Prof. Ramsay, R. W. 
Rawson. 


.. Rey. Dr. Byrth, Rev. R. Luney, R. 


| W. Rawson. 
Rey. R. Luney, G. W. Ormerod, Dr. 
W. C. Tayler. 


a«{Dr. D. Bullen, Dr. W. Cooke Tayler. 


'\J. Fletcher, J. Heywood, Dr. Lay- 
cock. 
J. Fletcher, Dr. W. Cooke Tayler. 
|J. Fletcher, F. G. P. Neison, Dr. W 
| ©. Tayler, Rev. T. L. Shapcott. 
Rev. W. H. Cox, J. J. Danson, F. G. 
P. Neison, 
IJ. Fletcher, Capt. R. Shortrede. 
dz 
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Date and Place 


Presidents 


1849 Birmingham 
| 
1850. Edinburgh | 


1851. 
1852. 


Ipswich ... 
Belfast...... 


1853. 
1854. 


Hull 
Liverpool... 


1855. Glasgow ... 


‘James Heywood, M.P., F.R.S.| 


Rt. Hon. Lord Lyttelton...... 

Very Rev. Dr. John Lee, 
V.P.B.S.E. 

Sir John P. Boileau, Bart. ... 

His Grace the Archbishop of 
Dublin. 


Thomas Tooke, F.R.S. ........ 


'R. Monckton Milnes, M.P.... 


Secretaries 


Dr. Finch, Prof. Hancock, F. P. G. 
Neison, 

Prof. Hancock, J. Fletcher, Dr. J. 
Stark. 

J. Fletcher, Prof. Hancock. 

Prof. Hancock, Prof. Ingram, James 
MacAdam, jun. 

Edward Cheshire, W. Newmarch. 


..|E. Cheshire, J. T. Danson, Dr. W. He 


Duncan, W. Newmarch. 
| J. A. Campbell, E. Cheshire, W. New- 
march, Prof. R. H. Walsh, 


SECTION F (continued ),—ECONOMIC SCIENCE AND STATISTICS. 


1856, Cheltenham! 


1857. Dublin...... 


1858, Leeds ....... 
1859. Aberdeen... | 
1860, Oxford...... 


1861. Manchester , 


1862. Cambridge 
1863. Newcastle 


1864. Bath 
1865. Birmingham 


1866. Nottingham | 


1867. Dundee ..... 


1868, Nerwich.. 

1869. Exeter...... 
187C. Liverpool... 
1871. 
1872, 
1873, 
1874, 


Edinburgh 
Pee our: He 
Bradford . 

Belfast...... 


1875. Bristol 


1876, Glasgow ... 
1877. Plymouth.. 

1878. Dublin....... 
1879. Sheffield ... 


1880. Swansea ... 
1881. York........ 


1882, eer 
toh 


|M. HE. Grant-Duff, M.P. . 


Rt. Hon. Lord Stanley, M.P. 


His Grace the Archbishop of 
Dublin, M.R.1.A. 
Edward Baines 


Col. Sykes, M.P., F.B.S. ....06| 


Nassau W. Senior, M.A. ...... 


William Newmarch, F.R.S.... 


Edwin Chadwick, C.B. ........ 


.| William Tite, M.P., F.R.S.... 
|W. Farr, M.D., D.C.L., F.B.S. 


Rt. Hon. Lord Stanley, LL.D., 
M.P. 
Prof. J. E. T, Rogers.........00. 


Sere ween weeeeeeeee 


cote, Bart., C.B., M.P. 


| Prof. W. Stanley Jevons, M.A. 


Rt. Hon. Lord Neaves......... 
Prof. Henry Fawcett, M.P.. 

.| Rt. Hon. W. E. Forster, M. P. 
| Lord O’Hagan 


eee were reneseeees 


James Heywood, M.A.,F.R.S., 


Pres. 8.8. 
Sir George Campbell, K.C.S.L, 
M.P. 


.| Rt. Hon. the Earl Fortescue 
| Prof. J. K. Ingram, LL.D. ... 
|G, Shaw Lefevre, M.P., Pres. 


8.8. 
G. W. Hastings, M.P........... 
.|Rt. Hon. M. E. Grant-Duff, 
M.A., F.R.S. 
as Hon. G. Sclater-Booth, 
M.P., F.R.S. 


G. Baden-Powell, Prof, H. 


|Rev. C. H. Bromby, E. Cheshire, Dr. 


W. N. Hancock, W. Newmarch, W-. 
M. Tartt. 

Prof. Cairns, Dr. H. D. Hutton, W. 
Newmarch. 
T. B. Baines, Prof. Cairns, §. Brown, 
Capt. Fishbourne, Dr. J. Strang. 
Prof, Cairns, Edmund Macrory, A. M, 
Smith, Dr. John Strang. 

Edmund Macrory, W. Newmarch, 
Prof. J. E. T. Rogers. 

David Chadwick, Prof. R. C. Christie, 
E. Macrory, Prof. J. E. T. Rogers. 

H. D. Macleod, Edmund Macrory. 

T. Doubleday, Edmund Macrory, 
Frederick Purdy, James Potts. 

E. Macrory, E. T. Payne, F. Purdy. 

G. J. D. Goodman, G. J. Johnston, 
E. Macrory. 

R. Birkin, jun., Prof. Leone Levi, E. 
Macrory. 


.| Prof. Leone Levi, E. Macrory, A. J- 


| Warden. 

‘Rev. W.C. Davie, Prof. Leone Levi. 

E. Macrory, F. Purdy, C. T. D- 
Acland. 

‘Chas. R. Dudley Baxter, E. Macrory, 

J. Miles Moss. 

\J. G. Fitch, James Meikle. 

.|J. G. Fitch, Barclay Phillips. 

J. G. Fitch, Swire Smith. 

Prof. Donnell, F. P. Fellows, Hans 
MacMordie. 

F. P. Fellows, T. G. P. Hallett, E..- 
Macrory. 

|A. M‘Neel Caird, T.G. P. Hallett, Dr. 
W. Neilson Hancock, Dr. W. Jack. 

W. F. Collier, P. Hallett, J. T. Pim.:- 

W. J. Hancock, C. Molloy, J. T. Pim.. 

|Prof. Adamson, R. E. Leader, C. 
Molloy. . 


|N. A. Humphreys, C. Molloy. 


\C. Molloy, W. W. Morrell, J. F.- 
Moss. 


8. Fox- 
well, A. Milnes, C. Molloy. 
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Date and Place 


1883. Southport 

1884, Montreal... 
1885, Aberdeen... 
Litt.D. 
1886. Birmingham! 
1887. Manchester 


1888. Bath......... 'Rt. Hon. 
‘ LL.D., F.R.S. 
1889. Newcastle- 
upon-Tyne! F-.S.8. 
1890. Leeds ...... 


1891. Cardiff 
| D.8c., F.S.8. 


1892, Edinburgh 
K.C.B. 


1893. Nottingham 
E.S.5. 
1894, Oxford...... 
E.S.5. 
1895. Ipswich ... 


1896. Liverpool... 


1897. Toronto ...! 
1898. Bristol....../ 


1899, Dover 'H. Higgs, LL.B. 


| 
1900. Bradford... Major P. G. Craigie, V.P.S.S._ 


'L. L Price, M.A. 


Presidents 


R. H. Inglis Palgrave, F.B.S. 


Sir Richard Temple, Bart., 
G,C.8.L, C.LE., 
Prof. H. Sidgwick, LL.D., 


F'.R.G.S. 


J. B. Martin, M.A., F.S.S. 
| Robert Giffen, LL.D.,V.P.S.S. 


Lord Bramwell, 
| Prof. F, Y. Edgeworth, M.A., 
| Prof, A. Marshall, M.A., F.S.S, 


‘Prof. W. Cunningham, D.D., 
Hon, Sir C. W. Fremantle, 
'Prof. J. S. Nicholson, D.Sc., 


Prof. C. F. Bastable, M.A.,} 


Poor eeererseees 


Rt. Hon. L. Courtney, M.P....| 


Prof, E. C. K. Gonner, M.A. 
J. Bonar, M.A., LL.D. 


1901. Glasgow bi Sir R. Giffen, K.C.B., F.R.S. 


1902, Belfast ...| E. Cannan, M.A,, LL.D. 


| 


( 


Secretaries 


Rev. W. Cunningham, Prof, H. 8S. 
Foxwell, J. N. Keynes, C. Molloy. 
Prof. H. 8, Foxwell, J. S. McLennan, 
Prof. J. Watson. 
Rev. W. Cunningham, Prof. H. 8. 
Foxwell, C. McCombie, J. F. Moss. 
F. F. Barham, Rev. W. Cunningham 
Prof. H. 8. Foxwell, J. F. Moss. 
Rev. W. Cunningham, F. Y. Edge- 
worth, T. H. Elliott, C. Hughes, 
J. E. C. Munro, G. H. Sargant. 
Prof, F. Y. Edgeworth, T. H. Elliott, 
H. 8. Foxwell, L. L. F. BR. Price. 
Rey. Dr. Cunningham, T. H. Elliott, 
F. B. Jevons, L. L. F. RB. Price. 


W. A. Brigg, Rev. Dr. Cunningham, 


T. H. Elliott, Prof. J. E. C. Munro, 
L. L. F. R. Price. 

Prof. J. Brough, EH. Cannan, Prof. 
E. C. K. Gonner, H. Ll. Smith, 
Prof, W. R. Sorley. 

Prof. J. Brough, J. R. Findlay, Prof. 
HE. C. K. Gonner, H. Higgs, 
L. L. F. R. Price. 

Prof. E. C. K. Gonner, H. de B. 
Gibbins, J. A. H. Green, H. Higgs, 
L. L. F. R. Price. 

E. Cannan, Prof. E. C. K. Gonner, 
W. A. 8. Hewins, H. Higgs. 

E. Cannan, Prof. E. C. K. Gonner, 
H. Higgs. 

E. Cannan, Prof. E. C. K. Gonner, 
W. A. 8S. Hewins, H. Higgs. 

E. Cannan, H. Higgs, Prof. A. Shortt. 

KE. Cannan, Prof. A. W. Flux, H. 
Higgs, W. E. Tanner. 

A. L. Bowley, E. Cannan, Prof. A. 
W. Flux, Rev. G. Sarson. 

A. L. Bowley, E. Cannan, S. J. 
Chapman, F. Hooper. 

W. W. Blackie, A. L. Bowley, E. 
Cannan, 8. J. Chapman. 


... A. L. Bowley, Prof. 8. J. Chapman, 


Dr, A. Dutfin. 


SECTION G.—MECHANICAL SCIENCE. 


1836. Bristol 
1837. Liverpool... 
1838. Newcastle 

1839. Birmingham 


seeeee 


Stephenson. 
1840. Glasgow .... 


1841. Plymouth 
1842. Manchester 


1843, Cork 
1844. York 


seeeeeere 


'Sir John Robinson . 


Davies Gilbert, D.C.L., F.R.S. 
Rev. Dr. Robinson 
Charles Babbage, F.R.S....... 
Prof, Willis, F.R.S., and Robt. 


John Taylor, F.R.S. ......00000. 
Rey. Prof. Willis, F.R.S. ...... 


Prof. J. Macneill, M.R.I.A.... 
John Taylor, F.R.S. .........06- 
1845, Cambridge |George Rennie, F.R.§,..,....,.! 


ee eeereeesee 


T. G. Bunt, G. T. Clark, W. West. 

Charles Vignoles, Thomas Webster. 

R. Hawthorn, C.Vignoles, T.Webster. 

W. Carpmael, William Hawkes, T. 
Webster. 


J. Scott Russell, J. Thomson, J. Tod, 


C. Vignoles. 
Henry Chatfield, Thomas Webster. 
J. F. Bateman, J. Scott Russell, J, 
Thomson, Charles Vignoles. 
James Thomson, Robert Mallet. 
Charles Vignoles, Thomas Webster, 
tev. W. T, Kingsley, 
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Date and Place 
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Presidents 


Secretaries 


1846. Southamp- 
ton 
1847. Oxford...... 
[848. Swansea 
1849. Birmingham 
1850. Edinburgh 
1851. Ipswich . 
1852. Belfast...... 


Resa. Hull eis... 
1854. Liverpool... 
1855. Glasgow ... 
1856. Cheltenham 
1857. Dublin...... 


1858. Leeds ...... 
1859. Aberdeen... 


1860. Oxford ...... 
1861. Manchester 


1862. Cambridge. 
1863. Newcastle . 


1864. Bath......... 
1865. Birmingham 


1866. Nottingham 
1867. Dundee...... 
1868. Norwich 


1869. Exeter ...... 
1870. Liverpool... 


1871. Edinburgh 
1872. Brighton ... 


1873. Bradford .., 
1874, Belfast...... 
1875. Bristol ...... 
1876. Glasgow 
1877. Plymouth... 
1878. Dublin ...... 
1879. Sheffield ... 


1880. Swansea ... 
MGGleevonke. ese 
1882, Southamp- 
ton. 
1883, Southport . 


...| Rev. Prof. Walker, M.A..F. 


ee) rales Bidder, C.E., F.R.G.S. 


...|C. W. Merrifield, F.R.S. ...... 


Rev. Prof. Willis, M.A., F.R.S 
Rev. Prof. Walker, M.A.,F.R. 
R. 
R. 


eokeones 


Robt. Stephenson, M.P.,F. 
Rey. R. Robinson 


-./ William Cubitt, F.R.S.......... 


John Walker, 
F.R.S. 
William Fairbairn, F.R.S, 
John Scott Russell, F.R.S. 
W. J. M. Rankine, F.R.S. ... 
George Rennie, F.R.S. ......... 
Rt. Hon. the Earl of Rosse, 
F.R.S. 
William Fairbairn, F.R.S. ... 
Rev. Prof. Willis, M.A., F.R.S. 


Cz. iD. 


Prof.W. J. Macquorn Rankine, 
LL.D., F.R.S. 
J. F. Bateman, C.E., F.R.S.... 


William Fairbairn, F.R.S. 
Rev. Prof. Willis, M.A., F.R.S. 


J. Hawkshaw, F.R.S. 

Sir W. G. Armstrong, awh D., 
F.R.S. 

Thomas Hawksley, V.P. Inst. 
C.E., F.G.S. 

Prof, W. J.) Macquorn Rankine, 
LL.D., F.R.S. 


C. W. Siemens, F.R.S.... 


.| William Betts, jun., Charles Manby, 


.|J. Glynn, R. A. Le Mesurier. 

.|R. A. Le Mesurier, W. P. Struvé. 

.|Charles Manby, W. P. Marshall. 

Dr. Lees, David Stephenson. 

John Head, Charles Manby. 

John F. Bateman, C. B. Hancock, 
Charles Manby, James Thomson. 

|J. Oldham, J. Thomson, W.S. Ward, 


.../J. Grantham, J. Oldham, J. Thomson, 


L. Hill, W. Ramsay, J. Thomson. 
C. Atherton, B. Jones, H. M. Jeffery, 
Prof. Downing, W.T. Doyne, A. Tate, 
James Thomson, Henry Wright. 
J. C. Dennis, J. Dixon, H. Wright, 
R. Abernethy, P. Le Neve Foster, H,. 
Wright. 

P. Le Neve Foster, Rev. F. Harrison, 
Henry Wright. 

P. Le Neve Foster, John Robinson, 
H. Wright, 

W. M. Fawcett, P. Le Neve Foster. 

P. Le Neve Foster, P. Westmacott, 
J. F. Spencer. 


.|P. Le Neve Foster, Robert Pitt. 


P. Le Neve Foster, Henry Lea, 
W. P. Marshall, Walter May. 

P. Le Neve Foster, J. F. Iselin, M. 
O. Tarbotton. 

P. Le Neve Foster, John P, Smith, 
W. W. Urquhart. 


|P. Le Neve Foster, J. F. Iselin, ©, 


Manby, W. Smith. 


Chas. B. Vignoles, C.E., F.RS. 


| 
| 


Prof, Fleeming Jenkin, F.R.S. 
Hd. Bramwell, C.E. 


W. H. Barlow, F.RB.S. ..... 


Prof. James Thomson, LL.D., 
C.E., F.R.S.E. 
W. Froude, C.E., M.A., F.B.S. | 


Edward Woods, C.B. .........| 
Edward Easton, C.E. ...... 


J. Robinson, Pres. Inst. Mech. | 
Eng. 

J. Abernethy, F.R.S.E.......... 

Sir W. G. Armstrong, C.B., 
LED: D:.C.L., E:R.S. 

John Fowler, C. E., F.G.S. 


|J. Brunlees, Pres, Inst.C,E. 


.| P. Le Neve Foster, H. Banerman. 


H. Bauerman, P. Le Neve Foster, T, 
King, J. N. Shoolbred. 

i. Bauerman, A. Leslie, J. P. Smith. 

|H. M. Brunel, P. Le Neve Foster, 
J. (G. Gamble, J. N. Shoolbred. 


...|C. Barlow, H. Bauerman. E.H.Carbutt, 


J. C. Hawkshaw, J. N. Shoolbred. 
A. T. Atchison, J. N. Shoolbred, John 
Smyth, jun. 
W. R. Browne, H. M. Brunel, J. G, 
Gamble, J. N. Shoolbred. 


|W. Bottomley, jun., W. J. Millar, 


J. N. Shoolbred, J. P. Smith. 
A. T. Atchison, Dr. Merrifield, J. N. 
Shoolbred. 


..|A. T. Atchison, R. G. Symes, H. T, 


Wood. 

A. T, Atchison, Emerson Bainbridge, 
H. T. Wood. 

A. T. Atchison, H. T. Wood. 

A. T. Atchison, J. F. Stephenson, 
H. T. Wood. 


.|A. T. Atchison, F. Churton, H. T, 


Wood. 


A. T. Atchison, E, Rigg, H. T, Wood, 


PRESIDENTS AND SHCRETARIES OF THE SECTIONS. 


————— ———————— ee 


Date and Place 


Presidents 


1884. Replat. 
1885. Aberdeen... 
1886. Birmingham 
1887. Manchester 


1888. Bath 


1889. Newcastle- 


upon-Tyne 
1890. Leeds ...... 


1891, Cardiff,,... 
1892, Hdinburgh 


1898. Nottingham 


1894, Oxford 


1895. Ipswich 
1896 


1897. Toronto 


1898. Bristo].,..,.|Sir J. Wolfe-Barry, K.C.B., 
FBS. 
1899. Dover .,,...|Sir W. White, K.C.B., F,R.S. 


1900. Bradford ... 


1901. Glasgow ... 


1902. Belfast 


1884. Montreal... 
1885. Aberdeen... 


1886. Birmingham 
1887. Manchester 


1888. Bath 
1889. Newcastle- 


upon-Tyne 


1890. Leeds 
1891. Cardiff 


1892, Edinburgh 


1893. Nottingham 


.|Prof. L. F. Vernon-Harcourt, 


. Liverpool... 


Sir F. J. Bramwell, F.RB.S., 
V.P.Inst.C.E. 
B. Baker, M.Inst.C,E. .........| 


Sir J. N. Douglass, M.Inst.| 
C.E 

Prof. Osborne Reynolds, M.A.,| 

LL.D., F.B.S. 

.., H. Preece, 

M.Inst.C.E. 

W. Anderson, M.Inst.C.E. ... 


F.RS., 


Capt. A. Noble, C.B., F.R.S., 
F.R.A.S. 
T. Forster Brown, M.Inst.C.E. 


Prof. W. C. Unwin, F.B.S8., 
M.Inst.C.E, 

Jeremiah Head, M.Inst.C.E., 
F.C.8. 

Prof. A. B. W. Kennedy, 
¥.R.S., M.Inst.C.E. 


M.A., M.Inst.C.E. 


Sir Douglas Fox, V.P.Inst.C.E. | 


G. F. Deacon, M.Inst.C.E. | 


Sir Alex. R. Binnie, M.Inst.| 
C.E. 
R. E. Crompton, M.Inst.C.H. 


lxxi 


Secretaries 


A. T. Atchison, W. B. Dawson, J. 
Kennedy, H. T. Wood. 

A. T. Atchison, F. G. Ogilvie, E. 
Rigg, J. N. Shoolbred. 

C. W. Cooke, J. Kenward, W. B. 

Marshall, E. Rigg. 

C. F. Budenberg, W. B. Marshall, 
E. Rigg. 

C. W. Cooke, W. B. Marshall, E. 
Rigg, P. K. Stothert. 

C. W. Cooke, W. B. Marshall, Hon. 
CG. A. Parsons, KE. Rigg. 

E. K. Clark, C. W. Cooke, W. B, 
Marshall, E. Rigg. 

CG. W, Cooke, Prof. A. C. Elliott, 
W. B. Marshall, E. Rigg. 

Cc. W. Cooke, W. B. Marshall, W. C. 
Popplewell, E. Rigg 

C. W. Cooke, W. B. Marshall, E, 
Rigg, H. Talbot. 

Prof. T. Hudson Beare, C. W. Cooke, 
W. B. Marshall, Rev. F. J. Smith. 

Prof. T. Hudson Beare, C. W. Cooke, 
W. B. Marshall, P. G. M. Stoney. 

Prof. T. Hudson Beare, C. W. Cooke, 
S. Dunkerley, W. B. Marshall. 

Prof. T. Hudson Beare, Prof. Callen- 
dar, W. A. Price. 

Prof, T. H. Beare, Prof. J. Mrnro, 
H. W. Pearson, W. A. Price. 

Prof. T. H. Beare, W. A. Price, H. 
E. Stilgoe. 

Prof. T. H. Beare, C. F. Charnock, 
Prof. S. Dunkerley, W. A. Price. 

H. Bamford, W.E. Dalby, W. A. Price. 


...| Prof. J. Perry, F.B.S. .s....00 |\M. Barr, W. A. Price, J. Wylie. 


SECTION H.—ANTHROPOLOGY. 


E. B. Tylor, D.C.L., F.R.S. ... 
Francis Galton, M.A., F.R.S. 


Sir G. Campbell, K.C.S.1., 
M.P., D.C.L., F.R.G.S. 
Prof, A. H. Sayce, M.A. ...... 


Lieut.-General 
D.C.L., F.R.S. 

Prof. Sir W. Turner, 
LL.D., F.R.S. 

Dr, J. Evans, Treas. 
F.S.A., F.LS., F.G.S. 

Prof. F. Max Miiller, M.A. ... 


Pitt-Rivers, 
M.B., 
RS., 


|\Prof. A. Macalister, M.A., 
M.D., F.R.S. 


Dr. R, Munro, M.A., F.R.S.E. 


G. W. Bloxam, W. Hurst. 

G. W. Bloxam, Dr. J. G. Garson, W. 
Hurst. Dr. A. Macgregor. 

G. W. Bloxam, Dr. J. G. Garson, W. 
Hurst, Dr. R. Saundby. 

G. W. Bloxam, Dr. J. G. Garson, Dr. 
A. M. Paterson. 

G. W. Bloxam, Dr. J. G. Garson, J. 
Harris Stone. 

G. W. Bloxam, Dr. J. G. Garson, Dr. 
R. Morison, Dr. R. Howden. 

G. W. Bloxam, Dr. C. M. Chadwick, 
Dr. J. G. Garson. 

G. W. Bloxam, Prof. R. Howden, H. 
Ling Roth, E. Seward. 

G. W. Bloxam, Dr. D. Hepburn, Prof. 
R. Howden, H. Ling Roth. 

G. W. Bloxam, Rev. T. W. Davies, 
Prof. R. Howden, F. B. Jevons, 
J. L. Myres, 
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Presidents 


| 
| 


Secretaries 


1894. 
1895. 
1896. 
1897. 


_ 1898. 
1899. 


1900. 
1901, 
1902. 


1894. 


1896. 
1897. 


1899. 
1901. 
1902. 


1895. 
1896. 


1897. 
1898, 
1899. 
1900. 
1901, 


1902. 


1901. 


1902. 


Ipswich 
Liverpool... 
Toronto 


Bristol.,..... 
Dover ..,. 


Bradford ... 
Glasgaw 


Belfast ... 


sve Eror. 
F 


F.R.S. 


...|Prof. W. M. Flinders Petrie, | 


D.C.L. 
Arthur J. Evans, F.S.A. ...... 


SLY Wie Larner sl RSs. cess eee 


E. W, Brabrook, C.B. .... 
C. H. Read, F.S.A. 


; Prof, John Rhys, M.A..,....,.. 


D. J. Cunningham, 
R,8. 
C. Haddon, F.R,S. 


aoe 


‘Dr. ‘A. 


Sir W. H. Flower, K.C.B., 


H. Balfour, Dr. J. G.Garson, H. Ling 

| Roth. 

J. L. Myres, Rev. J. J. Raven, H. 
Ling Roth. aS 

|Prof. A. C. Haddon, J. L. Myres, 

| Prof, A. M. Paterson. 

A. F. Chamberlain, H. O. Forbes, 
Prof, A. C. Haddon, J. L. Myres, 


.. H. Balfour, J. L. Myres, G. Parker. 


'H. Balfour, W. H. Kast, Prof. A, C, 
Haddon, J. L. Myres. 

‘Rev. E. Armitage, H. Balfour, W, 
| Crooke, J. L. Myres. 

'W. Crooke, Prof. A. F. Dixon, J. F, 
| Gemmill, J. L. Myres. 

R, Campbell, Prof, A, F, Dixon, 
! J, U. Myres. 


SECTION I.—PHYSIOLOGY (including Exprrmmentan 
PATHOLOGY AND EXPERIMENTAL PsycuHo.ocy), 


Oxford...... 


Liverpool... 
Toronto 


Glasgow .. 
Belfast 


Ipswich ... 
Liverpool... 


Toronto ... 


seeene 


Prof. E. A. Schiifer, F,R.S,, 
M,R.C.S. 
| Dr, W. H. Gaskell, F.R.S. 


.,.| Prof, Michael Foster, F.R.S. 


J, N. Langley, F.R.S, 
Prof. J. G. McKendrick. ...... 


+. Prof. W. D. Halliburton, 


F.R.S, 


|Prof. F. Gotch, Dr. J. 8, Haldane, 
M. 8. Pembrey. 

Prof. R. Boyce, Prof. C.8. Sherrington. 
Prof, R. Boyce, Prof. C,"§, Sherring- 
| ton, Dr. L. E. Shore, 

Dr. Howden, Dr. L. E. Shore, Dr, E. 
| H. Starling. 

|W. B. Brodie, W. A. Osborne, Prof. 
W. H. Thompson. 

'J. Barcroft, Dr. W. A. Osborne, Dr. 
C, Shaw, 


SECTION K.—BOTANY. 


|W. T. Thiselton-Dyer, F.R.S, 


‘Dr. D. H. Scott, F.R.S. 


Prof. Marshall Ward, F.R.S. 
| 


oeeeee 


|A. C. Seward, Prof. F. E. Weiss. 
Prof. Harvey Gibson, A. C. Seward, 
| Prof. F. K. Weiss. 

/Prof, J. B, Farmer, E. C. Jeffrey, 
| A. C. Seward, Prof. F. E. Weiss, 


.| A.C, Seward, H. Wager, J. W, White. 


|G. Dowker, A. C. Seward, H, Wager 
‘A. C. Seward, H. Wager, W, West, 
'D. T. Gwynne-Vaughan, G. F. Scott. 

Elliot, A. C. Seward, H. Wager, 
A. G. Tansley, Rev. C. H. Waddell, 
| H, Wager, R, H. Yapp. 


SECTION L—EDUCATIONAL SCIENCE. 


Glasgow 


aoe 


Belfast 


|Sir John E. Gorst, F.R.S. 


Prof. H. E. Armstrong, F.R.S. 


aia 


|R. A. Gregory, W. M. Heller, R. ¥. 
Howie, C. W. Kimmins, Prof, 
H. L. Withers. 

| Prof. R. A. Gregory, W. M. Heller, 

| R.M. Jones, Dr. C, W. Kimmins, 

| Prof, H. L. Withers. 


LIST OF EVENING DISCOURSES, 
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LIST OF EVENING DISCOURSES. 


Date and Place 


Lecturer 


1842, Manchester 
1843, Cork ..,.,.... 


1844. York......... 
1845. Cambridge 


1846, Southamp- 
ton. 


1847. Oxford 


1848. Swansea ... 
1849. Birmingham 


1850. Edinburgh 
1851, Ipswich 


1852. Belfast...... 


1853. Hull..,...... 


1854, Liverpool... 
1855. Glasgow ... 


1856. Cheltenham 


.|Prof. R. Owen, M.D., F.R.S. 


Charles Vignoles, F.R.S, 


Sir M. I. Brunel 
Re-Ai Murchison. ..sc.seesssecsee 
Prof. Owen, M.D., F.R.S....... 
Prof. E. Forbes, F.R.S.......... 


se weeeeeeseeere 


Mr VROLSON Wess ec eees sees cess 


Charles Lyell, F.R.S. ........ 
Dr. Falconer, F.R.S........ socca| 


G,B.Airy,F.R.S.,Astron.Royal 
R. I. Murchison, F.R.S. ..... 


W. B, Grove, FURS. ...s0s0cs0s. 


Rev. Prof. B. Powell, F.R.S. 
Prof. M. Faraday, F.R.S....... 


Hugh E. Strickland, F.G.S.... 
John Perey, M.D., F.R.S....... 


W. Carpenter, M.D., F.R.S.... 
Dr. Faraday, F.R.S. ............ 
Rev. Prof. Willis, M.A., F.R.S. 


Prof. J. H. Bennett, M.D., 
F.R.S.E. 


Dr. Mantell, F.R.S. ............ 


G.B.Airy,F.R.S.,Astron, Royal | 

Prof. G. G. Stokes, D.C.L., 
F.R.5. 

Colonel Portlock, R.E., F.R.S, | 


Prof. J. Phillips, LL.D., F.R.S., 
F.G.S. 


Robert Hunt, F.B.S...........05 
Prof. R. Owen, M.D., F.R.S. 
Col. E. Sabine, V.P.R.S. ...... 


Dr. W. B. Carpenter, F.R.S. 
Lieut.-Col. H. Rawlinson 


Col. Sir H. Rawlinson ......... 


Subject of Discourse 


The Principles and Construction of 
Atmospheric Railways. 

The Thames Tunnel. 

The Geology of Russia. 

The Dinornis of New Zealand. 

The Distribution of Animal Life in 
the Augean Sea. 

The Earl of Rosse’s Telescope. 


.|Geology of North America. 


The Gigantic Tortoise of the Siwalik 
Hills in India. 
Progress of Terrestrial Magnetism. 


| 
..... | Geology of Russia. 

| Prof. Owen, M.D., F.R.S. bat 
|Charles Lyell, F.R.S. ... 


Fossil Mammaliaof the British Isles. 


.| Valley and Delta of the Mississippi. 


Properties of the ExplosiveSubstance 
discovered by Dr. Schénbein; also 
some Researches of his own on the 
Decomposition of Water by Heat. 

Shooting Stars. 

Magnetic and Diamagnetic Pheno- 
mena. 

The Dodo (Didus ineptus). 

Metallurgical Operations of Swansea 
and its Neighbourhood. 

Recent Microscopical Discoveries, 

Mr. Gassiot’s Battery. 

Transit of different Weights with 
varying Velocities on Railways. 
Passage of the Blood through the 
minute vessels of Animals in con- 

nection with Nutrition. 

Extinct Birds of New Zealand. 

Distinction between Plants and 
Animals, and their changes of 
Form. 

Total Solar Eclipse of July 28, 1851, 

Recent Discoveries in the properties 
of Light. 

Recent Discovery of Rock-salt at 
Carrickfergus, and geological and 
practical considerations connected 
with it. 

Some peculiar Phenomena in the 
Geology and Physical Geography 
of Yorkshire. 

The present state of Photography. 

Anthropomorphous Apes. 

Progress of Researches in Terrestrial 
Magnetism. 

Characters of Species. 


.| Assyrian and Babylonian Antiquities 


and Ethnology. 

Recent Discoveries in Assyria and 
Babylonia, with the results of 
Cuneiform Research up to the 
present time. 


W, R, Grove, F.R.S. .,..,.09002? 


Correlation of Physical Forces. 
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Date and Place 


1857. Dublin...... 


1858. Leeds 


1859. Aberdeen... 


1860. Oxford...... 


1861. Manchester 


11862. Cambridge 


1863. Newcastle 


1864. Bath......... 


11865. Birmingham 


1866, Nottingham 


11867. Dundee..,.... 


11868. Norwich ... 


‘1869. Exeter ... 


eee 


1870. Liverpool... 
1871. Edinburgh 
1872. Brighton .., 


1873. Bradford ... 
1874. Belfast...... 


1875. Bristol ...... 
1876, Glasgow ... 


Lecturer 


Prof. W. Thomson, F.R.S. ... 
Rev. Dr. Livingstone, D.C.L. 
Prof, J. Phillips, LL.D.,F.R.S. 
Prof. R. Owen, M.D., F.R.S. 

Sir R. I. Murchison, D.C.L.... 
Rev. Dr. Robinson, F.R.S. ... 


Rev. Prof. Walker, F.R.S. ... 
Captain Sherard Osborn. R.N. 
Prof.W.A. Miller, M.A.,F.R.S. 
G. B. Airy, F.R.S., Astron, 
Royal. 

Prof. Tyndall, LL.D., F.R.S. 

Prof. Odling, F.R.S...........8. 
Prof. Williamson, F.R.S...... 


James Glaisher, F.R.S.,..... 


Prof. Roscoe it B.S, .cccpeseeces 
Dr. Livingstone, F.B.S. .,,... 
J. Beete Jukes, F.R,S,......... 


William Huggins, F.R.S....... 


Dr. J. D. Hooker, F.R.S....... 
Archibald Geikie, F.R.S....... 


Alexander Herschel, F.R.A.S. 
J. Fergusson, F.R.S.........06. 


Dr. W. Odling, F.R.S.. 
Prof. J. Phillips, LL.D. F. R. S. 
J. Norman Lockyer, F. R. 8.. 


Prof, J. Tyndall, LL.D., F.R.S. 


Prof.W.J. Macquorn Rankine, 
LL.D., F.R.S. 
PASTA EL WMS See casu.sesene 


HBr Lyon ph RSs ese: ccscertas 


Prof. P. Martin Duncan, M.B., 
F.R.S. 
Prof. Win Kee @lifford,....ccseatas 
Prof. W. C.Williamson, F.R.S. 
Prof. Clerk Maxwell, F.R.S. 
Sir John Lubbock, Bart.,M.P., 
F.R.S. 
Profdhuxley,:FR.S. <esscsses 
W.Spottiswoode,LL.D.,F.R.S. | 
BR, J. Bramwell, F.R.S.......... 
Prof. Tait, F.R. s. EK. 


Subject of Discourse 


The Atlantic Telegraph. 

Recent Discoveries in Africa. 

The Ironstones of Yorkshire. 

The Fossil Mammalia of Australia. 

Geology of the Northern Highlands, 

Electrical Discharges in highly 
rarefied Media. ‘ 

Physical Constitution of the Sun, 

Arctic Discovery. 

Spectrum Analysis. 

The late Eclipse of the Sun, 


The Forms and Action of Water, 
Organic Chemistry. 


-|The Chemistry of the Galvanic Bat- 


tery considered in relation to 
Dynamics. 


../The Balloon Ascents made for the 


British Association. 

The Chemical Action of Light, 

Recent Travels in Africa. 

Probabilities as to the position and 
extent of the Coal-measures be- 
neath the red rocks of the Mid- 
land Counties. 

The results of Spectrum Analysis 
applied to Heavenly Bodies. 

Insular Floras. 

The Geological Origin of the present 
Scenery of Scotland. 

The present state of Knowledge re- 
garding Meteors and Meteorites. 

Archeology of the early Buddhist 
Monuments. 

.|Reverse Chemical Actions. 

Vesuvius. 

.|The Physical Constitution of the 
Stars and Nebule, 

The Scientific Use of the Imagina- 
tion. 

Stream-lines and Waves, in connec 
tion with Naval Architecture. 


.. | Some Recent Investigations and Ap- 


plications of Explosive Agents, 
The Relation of Primitive to Modern 
Civilisation. 
Insect Metamorphosis. 


The Aims and Instruments of Scien- 
tifie Thought. 

Coal and Coal Plants. 

Molecules. 

Common Wild Flowers considered 
in relation to Insects. 

The Hypothesis that Animals are 
Automata, and its History. 

The Colours of Polarised Light. 

Railway Safety Appliances. 

. | Force. 


Sir Wyville Thomson, F. R. ‘s. 


The ‘Challenger’ Expedition, 


LIST OF EVENING DISCOURSES. Ixxv 


Date and Place Lecturer Subject of Discourse 


1877. Plymouth...) W. Warington Smyth, M.A.,| Physical Phenomena connected with 
F.R.S the Mines of Cornwall and Devon, 


Prof. Odling, EV Mentsecseosees The New Element, Gallium. 
1878. Dublin .....|G. J. Romanes, F.L.S..........| Animal Intelligence. 
Prof. Dewar, F.R.S., ......s00e0e Dissociation, or Modern Ideas of 


Chemical Action. 

Radiant Matter. 

Degeneration. 

Primeval Man. 

Mental Imagery. 

The Rise and Progress of Paleons« 
tology. 

The Electric Discharge, its Forms. 
and its Functions. 

Tides. 

Pelagic Life. 

Recent Researches on the Distance. 
of the Sun. 

Galvanic and Animal Electricity. 

Dust. 

The Modern Microscope in Re-. 
searches on the Least and Lowest. 
Forms of Life. 

The Electric Light and Atmospheric 
Absorption. 

The Great Ocean Basins. 

Soap Bubbles. 


1875. Sheffield ...|W. Crookes, F.R.S. .......00c8+ 
Prof. E. Ray Lankester, F.R.8. 
1880. Swansea ...|Prof.W.Boyd Dawkins, F.R.5. 
Francis Galton, F.R.S.......... 
HSS) Work... ....... Prof.. Huxley, Sec. B.S. ...... 


W. Spottiswoode, Pres. B.S... 


1882. Southamp- |Prof.Sir Wm. Thomsca, F.R.S. 
; ton. Prof. H. N. Moseley, F.R.S. 
1883. Southport |Prof. R. 8. Ball, F.R.S. ...... 


Prof. J. G. McKendrick. ...... 
1884. Montreal...| Prof. O. J. Lodge, D.Sc. ...... 
Rey. W. H. Dallinger, F.R.S. 


1885. Aberdeen...| Prof. W. G. Adams, F.R.S.... 


John Murray, F.R.S.E.......... 

1886. Birmingham |A. W. Riicker, M.A., F.R.S. 

Prof. W. Rutherford, M.D. ...|The Sense of Hearing. 

1887. Manchester | Prof. H. B. Dixon, F.R.S. ...]The Rate of Explosions in Gases. 

Col. Sir F. de Winton ......... Explorations in Central Africa. 

1888. Bath......... Prof, W. E. Ayrton, F.R.S....|The Electrical Transmission of 
Power. 

The Foundation Stones of the Earth’s 
Crust. 

The Hardening and Tempering of 
Steel. 


Prof. T. G. Bonney, D.S8c., 
F.RS. 

1889. Newcastle- |Prof. W. C. Roberts-Austen, 
upon-Tyne| F.R.S. 


Walter Gardiner, M.A......... How Plants maintain themselves in 
the Struggle for Existence. 
1890. Leeds ...... E. B. Poulton, M.A., F.R.S....| Mimicry. 
Prof. C. Vernon Boys, F.R.S. | Quartz Fibres and their Applications. 
1891. Cardiff ...... Prof. L. C. Miall, F.L.S8.,F.G.S.|Some Difficulties in the Life of 


Aquatic Insects. 


Prof. A.W, Riicker, M.A.,F.R.S.| Electrical Stress. 


1892. Edinburgh |Prof. A. M. Marshall, F.R.S. | Pedigrees. 
Prof. J.A.Ewing,M.A., F.R.S.| Magnetic Induction. 
1893. Nottingham |Prof. A. Smithells, B.Sc. Flame. 


Pyof, Victor Horsley, F.R.S.|THe Discovery of the Physiology of 
the Nervous System. 

Experiences and Prospects of 
African Exploration. 

Historical Progress and Ideal So-. 
cialism. 

Magnetism in Rotation. 

The Work of Pasteur and its various, 


1894, Oxford...... J. W. Gregory, D.Sc., F.G.S. 
Prof. J.Shield Nicholson, M.A. 


1896. Ipswich .,,| Prof. S. P. Thompson, F-.R.S. 
Prof. Perey F, Frankland, 

E.R.S. Developments. 

1896. Liverpool...|Dr. F. Elgar, F.R.S............. Safety in Ships. 
Prof, Flinders Petrie, D.C.L. | Man before Writing. 

1897. Toronto ...|Prof. W. C. Roberts-Austen,|Canada’s Metals. 
F.B.S, 


J, Milne, F.B.S,,.+,++000y02+s+00e| Harthquakes and Volcanoes. 
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Date and Place 


1898. 


Lecturer 


Subject of Discourse 


..| Funafuti: the Study of a Coral Island. 


Bristol...... Prof. W. J. Sollas, F.R.8, 
Herbert Jackson .......seseeeee Phosphorescence. 

1899. Dover ...... Prof. Charles Richet...........- La vibration nerveuse. 

Prof, J. Fleming, F.R.S. ......| TheCentenary of the Electric Current 

1900. Bradford .,,|Prof. F. Gotch, F.R.S...,......| Animal Electricity, 

Prof, Wa'Stroud., .5.0.0.200.000 Range Finders. 
1901. Glasgow ...|Prof. W. Ramsay, F.R.S......./The Inert Constituents of the 
Atmosphere. 
BR; Darwin HRS. tees. ress The Movements of Plants, 
1902. Belfast ...|Prof. J. J. Thomson, F.R.S....| Becquerel Rays and Radio-activity. 
Prof. W. F. R. Weldon, F.R.S.| Inheritance. 
LECTURES TO THE OPERATIVE CLASSES, 
Date and Place Lecturer Subject of Discourse 

1867. Dundee....,.| Prof. J. Tyndall, LL.D.,F.R.S.| Matter and Force. 

1868. Norwich ...|Prof. Huxley, LL.D., F.R.S. |A Piece of Chalk. 

1869. Exeter ...... |Prof, Miller, M.D., F.R.S. ...)The modes of detecting the Com- 
position of the Sun and other 
Heavenly Bodies by the Spectrum, 

1870. Liverpool... | SirJohn Lubbock, Bart.,F.R.S.|Savages, 

1872. Brighton ..,|W.Spottiswoode,LL.D.,F.R.S.| Sunshine, Sea, and Sky 

1873. Bradford ...|C.W. Siemens, D.C.L., F.R.S.)| Fuel. 

1874. Belfast ...... | Prof. OdTings WIR. St: sasentsceas |The Discovery of Oxygen, 

1875. Bristol ...... Dr. W. B. Carpenter, F.R.S. |A Piece of Limestone. 

1876. Glasgow ..,|Commander Cameron, C.B..,.|A Journey through Africa. 

1877, Plymouth...| W. H. Preece.........cssssssesces Telegraphy and the Telephone, 

1879. Sheffield ...|W. E. Ayrton ......scccssevseee Electricity as a Motive Power. 

1880. Swansea ...|H. Seebohm, F.Z.S. .|The North-East Passage. 

WBST WOLK s vccrssce Prof. Osborne Reynolds, Raindrops, Hailstones, and Snow- 

F.R.S. flakes. 

1882. Southamp- |John Evans, D.C.L.,Treas.R.S.! Unwritten History, and how to 

ton. | read it. 

1883. Southport Sir F. J. Bramwell, F.R.S. ..,/ Talking by Electricity—Tolephones. 

1884. Montreal ...| Prof. R. 8. Ball, F.R.S.......... Comets. 

1885, Aberdeen...|H. B. Dixon, M.A. ..,......... The Nature of Explosions. 

1886. Birmingham Prof. W. C. Roberts-Austen,/The Colours of Metals and their 

E.R. S. Alloys. 

1887. Manchester Prof. G G. Forbes, F.R.S._ ...... Electric Lighting, 

1888. Bath......... ‘SirJohn Lubbock, Bart.,F.R.S./ The Customs of Savage Races. 

1889. Newcastle- |B. Baker, M.Inst.C.E. .........|The Forth Bridge. 

upon-T'yne. 

1890. Leeds ...... |Prof. J. Perry, D.Sc., F.R.S. |Spinning Tops. 

1891. Cardiff...... | Prof. 8. P. Thompson, F.R.S. | Electricity in Mining. 

1892, Edinburgh Prof. C. Vernon Boys, F.R.S.| Electric Spark Photographs, 

1893. Nottingham | Prof. Vivian B. Lewes......... Spontaneous Combustion. 

1894. Oxford.,.... |Prof. W. J, Sollas, F.R.S. ...;Geologies and Deluges. 

1895. Ipswich ...|Dr. A. H. Fison.........s00+0.0.. Colour. 

1896. Liverpool...| Prof, J. A. Fleming, F.R.S..../The Earth a Great Magnet. 

1897. Toronto .,.|Dr. H. O. Forbes ............... New Guinea, 

1898. Bristol......! Prof. E. B. Poulton, F.R.S. |The ways in which Animals Warn 
their enemies and Signal to their 
friends, 

1900. Bradford .. . Prof. S. P. Thompson, F.R.S. Electricity in the Industries. 

1901. Glasgow .,.|H. J. Mackinder, M.A.......... The Movements of Men by Land 
and Sea. 

1902. Belfast C. Miall, F.R.S. ......'Gnats and Mosquitoes. 


oe 'Prof. L. 
| 


—— 


Ee 
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OFFICERS OF SECTIONAL COMMITTEES PRESENT AT 
THE BELFAST MEETING. 


SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCE. 


President.—Prof. John Purser, M.A., LL.D., M.R.T.A. 

Vice-Presidents.—Prof. A. C. Dixon ; Prof. J. D. Everett, F.R.S. ; Prof. 
A. R. Forsyth, F.R.S. ; Principal E. H. Griffiths, F.R.S. ; Dr. Joseph 
Larmor, Sec.R.S.; Lord Rayleigh, F.R.S.; Principal Sir A. W. 
Riicker, F.R.S. ; Prof. A. Schuster, F.R.S.; Prof. H. H. Turner, 
F.R.S. 

Secretaries.—H. S. Carslaw, D.Sc.; A. R. Hinks, M.A.; Alex. Larmor, 
M.A.; C. H. Lees, D.Sc. (Recorder) ; Prof. W. B. Morton, M.A. ; 
ww, W. Porter, B.Sc. 


SECTION B.—CHEMISTRY. 


President.—Prof. E. Divers, M.D., F.R.S8. 

Vice-Presidents.—Prof. P. F, Frankland, F.R.S. ; Prof. E. A. Letts, D.Sc. ; 
Prof. W. A. Shenstone, F.R.S. 

Secretaries.—R. F. Blake ; M. O. Forster, D.Sc. ; Prof. G. G. Henderson, 
M.A. ; Prof. W. J. Pope, F.R.S. (Recorder). 


SECTION C.—GEOLOGY. 


President.—Lieut.-Gen. C. A. McMahon, F.R.S. 

Vice-Presidents.—Prof. Grenville A. J. Cole ; Prof. W. Boyd Dawkins, 
F.RB.S. ; Prof. J. Joly, D.Sc., F.R.S.; G. W. Lamplugh ; J. J. H. 
Teall, F.R.S. ; H. Woodward, F.R.S. 

Secretaries.—Herbert L. Bowman, M.A.; H. W. Monckton (Recorder) ; 
J. St. J. Phillips ; H. J. Seymour. 


SECTION D.—ZOOLOGY. 


President.—Prof. G. B. Howes, D.Sc., LL.D., F.R.S. 

Vice-Presidents.—Prof. J. Cossar Ewart, F.R.S.; Prof. L. C. Miall, F.R.S. ; 
Prof. W. A. Herdman, F.R.S.; Prof. E. B. Poulton, F.R.S.; R. F. 
Scharff, Ph.D., M.R.J.A. ; Prof. W. F. R. Weldon, F.R.S.; R. H. 
Traquair, M.D., F.R.S. 

Secretaries.—Prof. J. Graham Kerr, M.A. ; J. Y. Simpson, D.Sc. (Re- 
corder) ; Robert Patterson, M.R.I.A. 


SECTION E.—GEOGRAPHY. 


’ President.—Siv Thomas H. Holdich, K.C.B., K.C.I.E., F.R.G.S. 


Vice-Presidents.—Dr. H. O. Forbes; Dr. J. Scott Keltie ; Dr. H. R. Mill ; 
Prof. J. Milne, F.R.S. 


‘Secretaries.—G. G. Chisholm, M.A. (Recorder) ; Edward Heawood, M.A. ; 


Dr, A. J. Herbertson ; Dr. J. A. Lindsay. 
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SECTION F.—ECONOMIC SCIENCE AND STATISTICS. 


President.—E. Cannan, M.A., LL.D. 

Vice-Presidents.—Prof. C. F. Bastable, M.A.; E. W. Brabrook, C.B. ; 
Rev. W. Cunningham, D.D.; Hon. Sir Charles W. Fremantle, 
K.C.B. ; Sir Robert Giffen, K.C.B.; F.R.S. ; Prof. E. C. K. Gonner, 
M.A. ; Prof. W. Graham, M.A. 


Secretaries. A. L. Bowley, M.A. (Recorder) ; Prof. 8. J. Chapman, M.A. ; 
Adam Duffin, LL.D. 


SECTION G.—ENGINEERING. 


President.—Prof. John Perry, D.Sc., F.R.S. 


Vice-Presidents.—James Barton. M.Inst.C.E. ; Lieut.-Col. R. E, Cromp= 
ton, C.B., M.Inst.C.E. ; Prof. J. A. Ewing, F.R.S.; Prof. M. Fitz- 
Gerald, B.A. ; Prof. Osborne Reynolds, F.R.S. ; Prof. W. C. Unwin, 
E.R.S. 

Secretaries.—Mark Barr ; W. A. Price, M.A. (Recorder) ; J. Wylie. 


SECTION H.—ANTHROPOLOGY, 


President.—A. C. Haddon, M.A., D.Sc., F.R.S., M.R.L.A. 
Vice-Presidents.—W. Crooke ; Prof. D. J. Cunningham, M.D., F.R.S. ; 
Prof. J. Symington, M.D. 
Secretaries.—R. Campbell ; Prof. A. Francis Dixon, D.Se. ; J. L. Myres, 
M.A. (Recorder). 
SECTION 1,—PHYSIOLOGY. 


President.—Prof. W. D. Halliburton, M.D., B.Sc., F.R.S. 

Vice-Presicdents.—Prof. J. G. McKendrick, F.R.S. ; Prof. E. Waymouth 
Reid, F.R.S. ; Prof. J. Lorrain Smith, M.D. ; Prof. W. H. Thomp- 
son, M.D. ; Prof. R. J. Anderson, M.D. ; Prof. F. Gotch, F.R.S, ; 
Prof. P. Redfern, M.D. ; Prof. E. A. Schifer, F.R.S.; Prof. Sher- 
rington, F.R.S. ; Prof. John Cleland, F.R.S. ; Dr. Anthony Trail ; 
Sir Wm. Whitla, M.D. 

‘Secretaries.—J. Barcroft, M.A. ; W. A. Osborne, D.Sc. (Recorder) ; Cecil 
Shaw, M.D. 


SECTION K,—BOTANY. 


President.—Prof. J. Reynolds Green, M.D., D.Sc., F.R.S. 
Vice-Presidents.—Prof. I. Bayley Balfour, F.R.S.; Prof. F. O. Bower, 
F.R.S. ; Prof. F. W. Oliver, D.Sc. ; A. C. Seward, F.R.S. 


- Secretaries.—A. G. Tansley, M.A. ; Rev. C. H. Waddell ; Harold Wager 
(Recorder) ; R. H. Yapp. 


SECTION L.—EDUCATIONAL SCIENCE. 


- President.—Prof. Henry E. Armstrong, LL.D., Ph.D., V.P.R.S. 

'Vice-Presidents.—William Bousfield ; Prof. Samuel Dill ; Right Hon. 
Sir John E. Gorst, K.C., F.R.S.; Dr. J. H. Gladstone, F.R.S. ; Hon. 
and Rev. Canon Lyttelton ; Sir Philip Magnus ; Right Hon. Horace 
Plunkett ; C. M. Stuart. 

* Secretwries.—Prof. R. A. Gregory; W. M. Heller (Recorder); R. M. 
Jones ; Dr. C. W. Kimmins ; Prof. H. L. Withers. 


COMMITTEE OF RECOMMENDATIONS. lxxix 


COMMITTEE OF RECOMMENDATIONS. 


The President and Vice-Presidents of the Meeting ; the Presidents of 
former years; the Trustees; the General and Assistant General 
Secretaries ; the General Treasurer ; the Presidents of the Sections ; 
Prof. A: R. Forsyth; Prof. Schuster; Prof. Pope; Prof. Letts ; 
Prof. J. Joly ; J. Milne ; Prof. Poulton; W. E. Hoyle; Dr. H. R. 
Mill ; Dr. J. Scott Keltie ; Sir C. W. Fremantle ; E. W. Brabrook ; 
Colonel Crompton ; Prof. FitzGerald ; H. Balfour ; Prof. F. Gotch ; 
Prof. Symington ; Prof. W. H. Thompson; A. C. Seward; H. 
Wager ; W. M. Heller; Prof. Miall ; Prof: W. W. Watts. 
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Dr. THE GENERAL TREASURER’S ACCOUNT, 
1901-1902. RECEIPTS, b 4 
s. 

Balance brought forward) ..véc..0>.eessedetedoescaseveevevenen Scat 1684 11 1 

Life Compositions (including Transfers) .......:scsesseeseeeenes 512 0 0 

New Annual Members’ Subscriptions ....... saebuesisiyels doeceuesneds 298 0 0 

ATAU ASHOSCTIPLIONS .. warasecd>-sdnsadaeesone se duchioescecstah ee eae 575 0 0 

Nalerof Associdtes! TiCkGts...:syss+ss0sscs-ssessranssaneunsotestiecoaee 783 0 0 

Sale of Ladies’ Tickets .............08 isdthuacudcesstea ss photeteuaeae 244 0 0 

Sale of Publications .........sssccsessesess vielecabon vot cobs ahi peesMameen 146 8 38 

Dividend on Consols .............0000 (ocepdcacs: Soon. isoep these See taee 168 7 4 

Dividendion- India, per, Cemtys,. i.rcugs+essuetscebaeso ae oneeehcensh 101 14 0 
Interest on Deposits: Bradford District Bank ...£47 11 0 
Clydesdale Bank ............ 718 2 

——— 55 9 2 
Unexpended Balance of Grant returned by Committee on 

Anthropological Teaching ......... F apaups vedic tite eeseitenis os eeeeee 3 6 0 

oe 


£4571 15 10 


Investments. 


& & ds 
Consols SE deme reer dbeeeneredibeereweseeissineessienins 6501 10 6 
India 3 per Cents isc.sccsceecens aA FIECUGEGE POON 3600 0 0 


G. CAREY FosTER, General Treasurer. 


GENERAL TREASURER’S ACCOUNT, Ixxxi 
from July 1, 1901, to June 30, 1902. Or. 
—- 1901-1902. EXPENDITURE. 
. an 


Expenses of Glasgow Meeting, including Printing, Adver- 


tising, Payment of Clerks, &c., &c. 


PAIANIOR eather caianiameaetcediiwucathteacceadcheceors srsccasadeeteetoscsae DllbmO 


Printing, Binding, &c. 


Payment of Grants made at Glasgow: 


Electrical Standards.. vemeunonnnsacesce 
Seismological Observ: ations. <td gihinele aunvele'aim = aie 
Investigation of the Upper ‘Atmosphere by means ‘of Kites 
Magnetic Observations at Falmouth ..,......... 
Relation between Absorption Spectra and Organic "Sub- 


stances ...... ene cveercece oe ce cere cccecccece 
Wave-length Tables pinininis wikiefoiaia)aiainlelaiatate nic BOpUR ONE aie 
Life-zones in British Carboniferous ROGKS Twelve canisive'an 
Exploration of Irish Caves......-.secseceescees sels visio 
Table at the Zoological Station, Naples miata lala ois cta Faisal 
Index Generum et Specierum ‘Animalium ste anise (ase Aen 
Migration of Birds..... aue}s oleielapotajars\aievetaeiara ee Arachne. 


Structure of Coral Reefs of Indian OCERTIN as velcleineiaaenink 
Compound Ascidians of the Clyde Area... 
Terrestrial Surface Waves ............5 r 
Legislation regulating Women’s Labour 
Small Screw Gauge 
Resistance of Road Vehicles to Traction — 
Ethnological Survey of Canada........-..... 
Age of Stone Circles ......scseccscsccccccccnsscscescce 
Exploration in Crete.....+..ee08 
Anthropometric Investigation ‘of Native Egy pee 

POLGIETS  s clainiata sietple meisiacteniele 
Excavations on the Roman Site ‘at Gelligaer.. 
Changes in Hemoglobin ........ 


Work of Mammalian Heart under Influence of Drugs .. | 


Investigation of the Oyanophycee ......ce-esceecceers 
Reciprocal Influence of Universities and Schools...... ve 
Conditions of Health essential to carrying on Work in 

POHOOIS a duets enc tainess lees aniiacle elector ce sieiclsiua 
Corresponding Societies Oommittee.........cecceseceee 


In hands of General Treasurer : 


bbe meee rece eee se ben sree aseeeeeaeeeseserenneee 1058 v 


Contribution to Antarctic Expedition ..........ccccsccserseevseneee 250 O 


a 
= 
Ss 
ccooooceccoceooecoso coos? 


co cecccoe Scoecoceceososoces ccooch® 


_ 
So 
oo oececs 


At Bank of England, Western Branch .........£1596 16 6 


Less Cheques not presented weiseccscrsssvee 382 0 O 
Se 
1564 16 6 
Cash in BANG iieccssretssssccssecrseseess 2 3° 6 


tsetesessececeveveassecscosene, LEG LT 8 
Rent and: Ofice Mxpensesiiss..cssescusecseusesssssoseerevitvecsersstea © BO LS 


4 


oro 


947 0 0 


— 


3005 15 11 


1565 19 11 
£4571 15 10 


—— ee 


I have examined the above Account with the books and vouchers of the Associa» 


tion, and certify the same to be correct. 


I have also verified the balance at the 


Bankers’, and have ascertained that the Investments are registered in the names 
of the Trustees. 


Approved— W. B. KEEn, Chartered Accountant, 
L. L. PRICE. : 8 Church Court, Old Jewry, E.C, 
B.W Beapnoox, 4uditure July 25,1902, >” 
1902, 
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* Ladies were not admitted by purchased tickets until 1843. 
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Table showing the Attendance and Receipts 


: : Old Life i 

Date of Meeting Where held Presidents pret: Rew Tie 
i DI Woskvermes 4... 2020 The Earl Fitzwilliam, D.C.L.. F.R.S. _ os 
1832, ee Re Oxford... "| The Rev. W. Buckland, F.RS. .........) 9 — = 
1833, June 25 Cambridge .| The Rey. A. Sedgwick, F.R.S. — == 
1834, Sept. 8 . Edinburgh _| Sir IT. M. Brisbane, D.C.L., F.R.S. — as 
1835, Aug. 10......| Dublin ... .| The Rev. Provost Lloyd, vie D., F. RS —_ = 
1836, Aug. 22...... Bristol ... ‘| The Marquis of Lansdowne, F.R.S.. = = 
1837, Sept. 11...... TMuiVONPOOL ly reveses cence The Earl of Burlington, F.R.S.. = = 
1838, Aug. 10...... Neweastle-on-Tyne...| The Duke of Northumberland, BF. <= — 
1839, Aug. 26...... Birmingham ......... The Rey. W. Vernon Harcourt, F. — —= 
1840, Sept. 17...... Glasgow........ .| The Marquis of Breadalbane, F, 2 — —, 
1841, July 20 ...... Plymouth .., ..| The Rev. W. Whewell, F.R.S. ......... 169 65 
1842, June 23......| Manchester .| The Lord Francis Egerton, F.G.S 303 169 
1843, Aug. 17...... Cork! ..:..: .| The Earl of Rosse, F.R.S. .... 109 28 
1844, Sept. 26 ...... pUDrIC ys ees ‘| The Rev. G. Peacock, D.D., F-R.S. 226 150 
1845, June 19...... Cambridge .| Sir John F. W. Herschel, Bart., ERS. 313 36 
1846, Sept.10 .,.) Southampton .| Sir Roderick I. Murchison, Bart.,.F.R.S. 241 10 
1847, June 23.,.... Oxford nse .| Sir Robert H. Inglis, Bart., F.R.S. ... 314 18 
1848, Aug.9 ..,... Swansea........ .| TheMarquis of Northampton,Pres.R.S. 149 3 
1849, Sept. 12...... Birmingham .| The Rey. T. R. Robinson, D.D.. F.R.S, 227 12 
1850, July 21 ...... Edinburgh Sir David Brewster, K.H., F.R.S....... 235 9 
1851, July 2......... Ipswich ...... G. B. Airy, Astronomer Royal, F.R.S, 172 8 
1852, Sept.1 ...... Belfast | Lieut.-General Sabine, RGRGSan eeracen 164 10 
1853, Sept.3 ...... fenrill e William Hopkins, F.R.S......... 141 13 
1854, Sept. 20...... Liverpool .| The Earl of Harrowby, F.R.S. 238 23 
1855, Sept. 12...... Glasgow...... .| The Duke of Argyll, F.R.S. .. 194 33 
1856, Aug. 6 ...... Cheltenham .| Prof. C. G. B. Daubeny, M.D., F.R.S. 182 14 
1857, Aug. 26 ...... Dublin ...... .| Zhe Rev. H. Lloyd, D.D., F.R.S. 236 15 
1858, Sept. 22 ...... Leeds... .. ‘| Richard Owen, M.D., D. G. L., F.R, ee 222 42 
1859, Sept. ante Aberdeen .| H.R.H. The Prince Gonsort ..........., 184 27 
1860, June 27...... Oxford ...... ....| The Lord Wrottesley, M.A., F.R. 286 21 
1861, Sept. 4 ...... Manchester ... .| William Fairbairn, LL.D., ERS 321 113 
1862, Oct. 1 ......{ Cambridge ............ The Rev. Professor Willis, M.A. Ain 239 15 
1863, Aug. 26 ......| Newcastle-on-Tyne,.,| SirWilliam G. Armstrong.0.B., F. 203 36 
1864, Sept.13......]| Bath ......... ...| Sir Charles Lyell, Bart., M.. A. F. 287 40 
1865, Sept.6 ...... Birmingham,, .| Prof. J. Phillips, M.A., LL.D. bs ov 292 44 
1866, Aug. 22...... Nottingham... |] William R. Grove, Q.C,, F.R.S 207 31 
1867, Sept. 4 .....,) Dundee ...... ....| The Duke of Buccleuch, K.O.B. Ss FF 167 95 
1868, Aug. 19......| Norwich .| Dr. Joseph D. Hooker, F.R.S. ........ 196 18 
1869, Aug. 18...... Exeter ...... ....{| Prof. G. G. Stokes, D.O.1L., F.R.S....... 204 21 
1870, Sept. 14 Liverpool .., "| Prof. T. H. Huxley, LL.D., F.RS. ... 314 39 
1871, Aug.2 ....,.| Edinburgh Prof. Sir W. Thomson, LL. D., F.R.S. 246 28 
1872, Aug. 14......| Brighton .., .| Dr. W. B. Carpenter, IES ie pe eal 945 36 
1873, Sept. 17 Bradford .| Prof. A. W. illiamson, F.R.S. 212 27 
1874, Aug. 19...... Belfast .., .| Prof. J. Tyndall, LL.D., F.R.§ 162 13 
1875, Aug. 25 ....., Bristol .., ‘| Sir John Hawkshaw, IRS. 239 36 
1876, Sept.6 ...... Glasgow ... “| Prof. T. Andrews, M.D., F.R.§ 221 35 
1877, Aug.15...... Plymouth ... .) Prof. A. Thomson, M. D. F, Rs 172 19 
1878, Aug. 14...... Dublin .., ...| W. Spottiswoode, M.A., ERS. 201 18 
1879, Aug. 20...... Sheffield... .| Prof. G. J. Allman, M. D., ERS. 184 16 
1880, Aug. 25...... Swansea. ...| A. O. Ramsay, LL. D., F.RS. . 144 11 
1881, Aug. 31...... MOrks ©. icc..s .| Sir John Lubbock, Bart., E.BS. 272 28 
1882, Aug. 23..,...| Southampton ., recs We Siemens FR. g. 178 17 
1883, Sept. 19 Southport ... ‘| Prof, A. Cayley, D.C.L., FR. 203 60 
1884, Aug. 27 ...... Montreal ... ....| Prof. Lord Rayleigh, F.R.S. 235 20 
1885, Sept.9 ...... Aberdeen ....., .| Sir Lyon Playfair, K.C.B., BR 225 18 
1886, Sept. 1 ...... Birmingham ....| Sir J. W. Dawson, O.M.G., 314 25 
1887, Aug. 31...... Manchester ... .| Sir H. E. Roscoe, D.O.L., af 428 - 86 
1888; Sept. 5 ,.,...| Bath ...cc.eccccssscceneee Sir F. J. Bramw ell, F.R. 5... 266 36 
| 1889, Sept. 11...... Newcastle-on-Tyne..,] Prof. W. H. Flower, O.B., ERS. 277 20 
TEGO N Sens ome, cc, || LCOS ny. sevescyeedecosanss Sir F. A. Abel, O.B.,,F.R. Chander 259 21 
1891, Aug. ..| Cardiff AMES AG Huggins, F. R. S. 189 24 
1892, Aug. .| Edinburgh .| Sir A. Geikie, LL.D., F. RS. ae ¥ 280 14 
1893, Sept. Nottingham... .| Prof. J. S. Burdon Sanderson, F.R.S. 201 17 
1894, Aug. | Oxford. x... ....| The Marquis of Salisbury,K.G.,F.R.S. 327 21 
1895, Sept. Ipswich ...... .| Sir Douglas Galton, K.C.B., F.R.S. ... 214 13 
1896, Sept. Liverpool ....| Sir Joseph Lister, Bart., Pres. RS. . am 330 31 
1897, Aug. Toronto ....... ‘ .| Sir John Evans, K.O.B., F.R.S. .. 120 8 
1898, Sept. ..| Bristol awa] RIE We ONOOKeR HRS occ cease a 281 19 
1899, Sept. 13......] Dover...... .| Sir Michael Foster, K.C.B., Sec.R.S..., ‘296 20 
1900, Sept. 5 Bradford Sir William Turner, D.C.L., F.R.S. ... 267 13 
1901, Sept. 11. Glasgow. .| Prof. A. W. Riicker, D.Sc., Sec.R.S. ... 310 37 
1902, Sept. LOANS Belfast Prof. J. Dewar, LL.D., F.R.S. 243 21 


+ Tickets of Admission to Sections only. 
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at Annual Meetings of the Association. 


Amount 
Old New i Grants 

Annual | Annual — Ladies |Foreigners| Total eee for Scientific! Year 

Members [isgahere Meetin g Purposes 
SRS Eagene — _ — 353 — -: 1831 
=, == = = =— — = = 1832 
— = — — — 900 -—— _— 1833 
= = = oe _— 1298 — £20 0 0 1834 
= —_ = _ —— — _ 167 O 0 1835 
a _— = — oo 1350 — 435 0 0 1836 
= _— ae = —_ 1840 — 922 12 6 1837 
— —_ _— 1100* —_— 2400 — 932 2 2 1838 
= = — — 34 1438 _— 1595 11 0 1839 
o— — = = 40 1353 — 1546 16 4 1840 
46 317 _— 60* — 891 —_— 1235 10 11 1841 
75 376 33t 331* 28 1315 —_— 144917 8 1842 
71 185 _ 160 — — —_— 1565 10 2 1843 
45 190 oF 260 — — — 98112 8 1844 
94 22° "| 407 172 35 1079 — 831) 9) 9 1845 
65 39 270 196 36 857 —_ 685 16 O 1846 
197 40 495 203 53 1820 — 208 5 4 1847 
54 | 25 376 197 15 819 £707 0 0 275 1 8 1848 
93 33 447 237 22 1071 963 0 0 159 19 6 1848 
128 ae} 510 273 44 1241 1085 0 0 345 18 0 1850 
61 47 244 141 37 710 620 0 0 391 9 7 1851 
63 60 510 292 9 1108 1085 0 0 304 6 7 1852 
56 ce 367 236 6 876 903 0 0 205 0 0 1853 
121 121 765 524 10 1802 1882 0 0 380 19 7 1854 
"142 101 | 1094 543 26 2133 23LL OU 480 16 4 1855 
104 48 | 412 346 9 1115 1098 0 0 73413 9 1856 
156 120 _ 900 569 26 2022 2015 0 0 507 15 4 1857 
111 91 710 509 13 1698 1931 0 0 618 18 2 1858 
125 179 1206 821 22 2564 2782 0 O 684 11 1 1859 
177 59 636 463 47 1689 1604 0 0 76619 6 1860 
184 125 1589 791 15 3138 3944 0 0; 1111 510 1861 
150 57 433 242 25 1161 1089 0 0] 129316 6 1862 
154 209 1704 1004 25 3335 3640 0 0} 1608 3 10 1863 
182 103 1119 1058 13 2802 2965 0 0] 128915 8 1864 
215 149 766 508 | 23 1997 2227 0 0| 1591 7 10 1865 
218 105 960 ie adel 11 2303 2469. 0 0/| 175013 4 1866 
193 118 1163 rie ie ad | 7 2444 2613 0 0] 1739 4 0 1867 
226 | 117 720 682 45t 2004 2042 0 0] 1940 0 0 1868 
229 | 107 678 600 17 1856 1931 0 0} 1622 0 O 1869 
303 195 1103 910 14 2878 3096 0 0/1572 0 0 1870 
311 127 976 754 | 21 2463 2575 0 0O| 1472 2 6 1871 
280 80 937 - 912 - | 43 2533 2649 0 0] 1285 O 0 1872 
237 99 796 601 11 1983 2120 0 0}.1685 0 0 1873 
232 | 85 817 630 12 1951 1979 0 0/1151 16 0 1874 
307 93 884 672 17 2248 2397 0 0} 960 0 0 1875 
331 185 1265 712 25 2774 3023 0 0| 1092 4 2 1876 
238 59 446 283 11 1229 1268 0 O| 1128 9 7j 1877 
290 93 1285 674 17 2578 2615 0 0 72516 6 1878 
239 74 529 349 13 1404 1425 0 O/| 1080 11 11 1879 
171 41 389 147 12 915 899 0 0 wal, 7.7 1880 
313 176 1230 514 24 2557 2689 0 O| 476 8 1 1881 
253 79 516 189 21 1253 1286 0 0] 1126 111 1882 
330 323 952 841 5 2714 3369 0 0] 1083 53 3 1883 
317 219 826 74 26 & 60 H.§ 1777 1855 0 0] 1173 4 0 1884 
332 122 1053 447 6 2203 2256 0 0] 1385 0 0 1885 
428 179 1067 429 11 2453 2532 0 0 995 0 6 1886 
510 244 1985 493 92 3838 4336 0 0] 118618 0 1887 
399 100 639 509 12 1984 2107 0 0; 1511 O 5 1888 
412 113 1024 579 21 24387 2441 0 0| 1417 O11 1889 
368 92 680 334 12 1775 1776 0) 0 789 16 8 1890 
B41 152 672 107 35 1497 1664 0 0 | 102910 0 1891 
413 141 733 439 50 2070 2007 0 0 864 10 0 1892 
328 \ 57 G13 ~ oil 268 17 1661 1653 0 O 907 15 6 1893 
435 | 69 941 451 77 2321 2175 0 0 583 15 6 1894 
290 31 493 261 22 1524 1236 0 0 977 15 5 1895 
383 i 139 =| 1384 873 41 3181 3228 0 0) 1194 5 1 1896 
286 125 682 100 41 1362 1398 0 0] 105910 8 1897 
327 96 1051 639 33 2446 2399 0 O| 1212 0 0 1898 
324 | 68 548 120 27 1403 1328 0 0 | 143014 2 1899 
+ 297 45 801 482 9 1915 1801 0 0| 107210 0 1900 
» 874 f 131 794 246 20 1912 2046 0 0 945 0 O 1901 
314.< i.) . +. 86 647 ' 305. 6 1620 1644 0 0 947 0 0 1902 


t Including Ladies. § Fellows of the American Association were admitted as Hon. Members for this Meeting. 
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OFFICERS AND COUNCIL, 1902-1903. 


PRESIDENT. 
Prorgesson JAMES DEWAR, M.A., LL.D., D.Sc., F.R.S. 


VICE-PRESIDENTS, 
His Grace the DUKE oF ABEncory, K.G., H.M. The Right Hon. the EARL oF Ross#, K.P., D.C L, 


Lieutenant of the County of Donegal. LL.D., F.R.S. 
The MarquEss OF LonpoNpERRY, K.G., H.M. The Right Hon. THOMAS SINCLAIR, D.Lit. 
Lieutenant of the City of Belfast, Sir WILLIAM QUARTUS EWwaRT, Bart., M.A. 
Sir FrRANcISs MACNAGHTEN, Bart., H.M. Lieu- The Lorp MayoR oF BELFAST. 
tenant of the County of Antrim. The PRESIDENT of Queen's Oollege, Belfast. 
The Right Hon. the EARL OF SHAFTESBURY, Professor E. Ray LANKESTER, M.A.,, F.R.S, 
D.L. Professor PETER REDFERN, M.D. 


PRESIDENT ELECT, 
Sir Normay Lockyer, K.C.B., F.R.S., Correspondent de l'Institut de France. 
VICE-PRESIDENTS ELECT. 
The Right Hon. the EaRt of Dersy, K.G.,G.0.B. | Sir GorGE A. PILKINGTON. 
The Right Hon. the EArt of CRAWVORD AND | ALFRED Hopkinson, Esq., LL.D, K.C., Vice- 


BALcARRES, K.T., LL.D., F.R.S. Chancellor of the Victoria University. 
The Right Hon. the Hart Spencer, K.G., LL.D, | T. T. L. Scanisprick, Esq., Mayor of Southport. 
Chancellor of the Victoria University. E. MARSHALL HALL, Esq., K.C., M.P. for South 
The Right Hon. the HARu of SEFTON. port. 
The Right Hon. the EArt of Las Hom. OnARLES H. B. HESKETH, Esq. 
Sir Henry Roscog, B.A., Ph.D., LL.D., D.C.L., CHARLES SCARISBRICK, Esq., J.P. 
¥.R.S, CHARLES WELD-BLUNDELL, Esq. 


GENERAL TREASURER, 
Professor G. CanzY Fostrr, LL.D., D.Sc., F.R.S,, Burlington House, London, W. 


GENERAL SECRETARIES, 
Dr. D. H. Scorr, M.A, F.B.S. | Major P. A. MacManoy, R.A. D.Sc. F.R.S- 


ASSISTANT GENERAL SECRETARY. 
J.G. Garson, M.D., Burlington House, London, W. 


LOCAL SECRETARIES FOR THE MEETING AT SOUTHPORT. 
HWanotp Broprick, M.A. | J. ERNEST JARRATTs 


LOCAL TREASURER FOR THE MEETING AT SOUTHPORT. 
Cares E. AUSTIN. 


ORDINARY MEMBERS OF THE COUNCIL. 


ABNEY, Sir W., K.O.B., t’..R.S. HowsEs, Professor G. B., F.RS. 
ARMSTRONG, Professor H, E., F.R.S. KELTIK, J. Scort, Esq., LL.D. 
Bonak, J., Esq., LL.D. Lopes, Sir OLIVER, F.R.S. 
Bowen; Professor F, O., F.R.S. Maca isten, Professor A., F.R.S, 
CALLENDAR, Professor H.L.,, F.R.S. PeRKIN, Professor W. H., F.R.S. 
OREAK, Captain E. W., C.B., B.N., F.R.S. Perry, Professor JOHN, F.R.S. 
CUNNINGHAM, Professor D. J., F.R.Sy Prick, L, L., Esq., M.A. 

Darwin, Major Ll, Sec. R.G.8. SEWARD, A. O,, Esq., F.R.8. 
¥REMANTLE, Hon. Sir C. W., K.0.B. SoLas, Professor W. J., F.R.S. 
GoTcH, Pro essor F., F.R.S, TILDEN, Professor W. A., F.R.S. 
Happon, Dr. A. 0., F.R.S. Waris, Professor W. W., F.G.S. 
HALLIBURTON, Professor W. D., F.R.8. WoLre-Barhy, Sir JOHN, K.C.B., F.R.8. 
HAWKSLEY, C,, Esq., M. Inst.C.E. 


j EX-OFFICIO MEMBERS OF THE COUNCIL. 
The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents and 
Vice-Presidents Elect, the General and Assistant General Secretaries for the present and former years, 
the General Treasurers for the present and former years, and the Local Treasurer and Secretaries for 
the ensuing Meeting. 
TRUSTEES (PERMANENT). 
The Right Hon. Lord Avesuny, D.C.L., LL.D., F.R.S., F.L,S, 


The Right Hon. Lord RAYLEIGH, M.A., D.C.L., LL.D., F.RB.S., F.R.A.S. 
Sir ARTHUR W. Ricken, M.A, D.Sc,, F.R.S. 


PRESIDENTS OF FORMER YEARS. 


Sir Joseph D. Hooker, G.C.S.1. SirWm.Huggins,K.C.B.,Pres.R.g. | Sir John Evans, K.O.B., F.B.S. 
Lord Kelvin, G-0.V.0. BRS, Sir Archibald Geikie, F.R.S. | Sir William Crookes, F-R.S. 

-A. W. , F.R.S. rof. Sir J.8. i i .O.B. 
Lord Avebury,,D.0.1., i.B.S. Bas ee Sanderson, aie a ates Foster, K.O.B., 


Lord Rayleigh, D.C.L., F.R.S. The M is i i 
Sir HE Rovere DOL. aE, ae z arias of Salisbury, K.G., | Sir W. Turner, K.O.B., F.R.S. 


Sir F. J. Bramwell, Bart. F.R.S. | Lora Tver, D.O.L, PRS. Sir A. W. Riicker, D.Sc., F.R.S. 


GENERAL OFFICERS OF FORMER YEARS. 
F. Galton, Esq., D.C.L., F.R.S. P. L. Sclater, Esq., Ph.D., F.R.S. | A. Vernon Harcourt, Esq., F.R.8. 


a peepee Foster, K.C.B.,]| Prof. T. G. Bonney, D.Sc., F.R.S. | Sir A. W. Riicker, D.Sc., F.RuS. 
ec, HD. ; Prof. A. W. Williamson, F.R.S. | Prof. E. A. Schiifer, F'.R.S. 
AUDITORS, 


E. W. Brabrook, Esq, €.B. | L. L, Price, Esq., M.As 
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Report of the Council for the Year 1901-1902, presented to the General 
Committee at Belfast on Wednesday, September 10, 1902. 


The first paragraph in the Report of the Council must this year be a 
sad one. For many years the late Mr, George Griffith, Assistant General 
Secretary, had been one of the most prominent figures at the Meetings of 
the Association. He brought to his work as Secretary stores of wide 
learning, unwearying energy, and a power of personal attraction which won 
him many friends, His sudden death has deprived the Association of the 
services of a devoted officer who will be long and sorely missed by many 
who knew his worth and can sympathise with his sorrowing family. At 
its first meeting after the death of Mr. Griffith the Council passed a reso- 
lution expressing their sorrow and their sympathy with Mrs. Griffith and 
her children. 


The Council have nominated Dr. J. G. Garson, who has had great 
experience in the work of the Association, for appointment as Assistant 
General Secretary in succession to Mr. Griffith. 


The Council have received Reports from the General Treasurer 
during the past year, and his accounts from July 1, 1901, to June 30, 
1902, duly audited, are presented to the General Committee. 


The Council heard with great regret of the death of the Marquess of 
Dufferin and Ava, one of the Vice-Presidents for the Belfast meeting. 
The Rev. Dr. Salmon, who was also nominated a Vice-President, was 
unable to accept the office, as he was not likely to attend the meeting. 
The Council have nominated the Duke of Abercorn a Vice-President for 
the Belfast meeting. 


The Council, having been informed by Sir William Roberts-Austen 
that he does not intend to offer himself for re-election as General 
Secretary after the Belfast Meeting, desire to record their sense of the 
valuable services which he has rendered to the Association. He has 
twice accompanied the Association to Canada, and at the Toronto 
meeting acted for the first time as General Secretary. 

The Council recommend that Major P. A. MacMahon, D.Sc., F.R.S., 
be appointed General Secretary in succession to Sir William Roberts- 
Austen. 

The Council have elected Professor H. Elster and Professor J. Geitel, 
who have attended meetings of the Association, Corresponding Members. 


The Council, having received an invitation to appoint a representative 
to attend the Jubilee of the Owens College, Manchester, on March 12, 
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1902, requested the President, the Treasurer, and one of the General 
Secretaries to attend the celebration and to present the following 


Address :— 


‘British ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. 


* The Council of the British Association for the Advancement of Science 
desire to offer their hearty congratulations to the Owens College, Man- 
chester, on the Jubilee of the foundation of that Institution. The work 
which has been done in Manchester in the last half-century has left 
a mark, not only on that city, but on the educational system of the entire 
kingdom. The British Association gladly unite themselves with those 
who honour the parent College of the Victoria University, and cannot 
forget that the energy and ability of Manchester caused the Meeting of 
the Association held in that city under the Presidency of Sir Henry 
Roscoe to be the largest of all the Meetings which the Association has 
held. It is their sincere desire that the success of the College may be as 
marked, and that the ties which bind it to the British Association may be 
as close in the future as they have been in the past. 


‘ArtHuR W. RicKker, 
‘ President, 
March 1902.’ 


Invitations for future meetings will be presented from Cambridge 
and Cape Town. 

The Report of the Corresponding Societies Committee for the past 
year, together with the list of the Corresponding Societies and the titles 
of the more important papers, especially those referring to Local Scientific 
Investigations, published by those Societies during the year ending 
May 31, 1902, has been received. 


The Corresponding Societies Committee, consisting of Mr. W. 
Whitaker (Chairman), Dr. Francis Galton, Professor Meldola, Mr. T. V, 
Holmes, Sir J. Evans, Mr. J. Hopkinson, Dr. H. R. Mill, Mr. Horace T. 
Brown, Rev. J. O. Bevan, Professor W. W. Watts, Rev. T. R. R, 
Stebbing, Mr. C. H. Read, Mr. F. W. Rudler, and Dr. Vaughan Cornish, 
is hereby nominated for reappointment by the General Committee. 

The Council nominate Professor W. W. Watts, Chairman ; Mr. J. H. 
Merivale, Vice-Chairman ; and Mr, Edward J. Bles, Secretary, to the 
Conference of Delegates of Corresponding Societies to be held during the 
Meeting at Belfast. 

In accordance with the regulations the retiring Members of the 
Council will be :— 


Sir Norman Lockyer. Dr. E. Ray Lankester. 
Sir W. H. Preece. Mr. J. HE. Marr. 
Professor E. B. Tylor. 


The nomination of Major MacMahon as General Secretary creates 
another vacancy. 


The Council recommend the re-election of the other ordinary Members 


—_- 
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of the Council, with the addition of the gentlemen whose names are dis- 
tinguished by an asterisk in the following list :— 


*Abney, Sir W., K.C.B., F.R.S. 
Armstrong, Professor H. E., F.R.S. 
Bonar, J., Esq., LL.D. 

Bower, Professor F. O., F.R.S. 
Callendar, Professor H. L., F.R.S. 


Creak, Captain E. W., C.B., R.N., ¥.R.S. 


*Cunningham, Professor D, J., F.R.S. 
Darwin, Major L., Sec. R.G.S. 
Fremantle, he Hon. Sir C. W., K.C.B. 
Gotch, Professor F., F.R.S. 

*Haddon, Professor A. C., F.RB.S. 
Halliburton, Professor W. D., F.R.S, 

*Hawksley, C., Esq., M.Inst.C.£. 


*Howes, Professor G. B., F.R.S. 
Keltie, J. Scott, Esq., ELD. 
Lodge, Sir Oliver, F. RS. 
Macalister, Professor A., F.R.S. 
Perkin, Professor W. H.., Fr. B.S. 
Perry, Professor John, F. RS. 
Price, L. L., Esq., M.A. 
Seward, A. C., Esq., F.R.S. 
Sollas, Professor W.J., ee R.8. 
Tilden, Professor W. 08 FE.R.S. 

*Watts, Professor W. W., F.G.S. 
Wolfe-Barry, Sir John, K.C. B., F.B.S. 
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COMMITTEES APPOINTED BY THE GENERAL COMMITTEE AT THE 
BELFAST MEETING IN SEPTEMBER 1902. 


1, Receiving Grants of Money. 


Subject for Investigation or Purpose 


Section AA-MATHEMATICS AND PHYSICS. 


Making Experiments for improv- 
ing the Construction of Practical 
Standards for use in Electrical 
Measurements. 

[And balance in hand.] 


Seismological Observations. 


To co-operate with the Royal 
Meteorological Society in ini- 
tiating an Investigation of the 
Upper Atmosphere by means 
of Kites. 


To co-operate with the Committee 
of the Falmouth Observatory 
in their Magnetic Observations. 


Members of the Committee 


Chairman.—Lord Rayleigh. 

Secretary.—Dr. R. T. Glazebrook. 

Lord Kelvin, Professors W. E. 
Ayrton, J. Perry, W. G. Adams, 
and G. Carey Foster, Sir Oliver 
Lodge, Dr. A. Muirhead, 
Sir W. H. Preece, Profes- 
sors J. D. Everett and A. 
Schuster, Dr. J. A. Fleming, 
Professor J. J. Thomson, Mr. 
W. N. Shaw, Dr. J. T. Bot- 
tomley, Rev. T. C. Fitzpatrick, 
Dr. G. Johnstone Stoney, Pro- 
fessor 8. P. Thompson, Mr. J. 
Rennie, Mr. E. H. Griffiths, 
Sir A. W. Riicker, Professors H. 
L. Callendar and Sir W. C. 
Roberts-Austen, and Mr. G. 
Matthey. 


Chairman.—Prof. J. W. Judd. 

Seerctary.—Professor J. Milne. 

Lord Kelvin, Professor T. G. 
Bonney, Mr. C. V. Boys, Pro- 
fessor G. H. Darwin, Mr. 
Horace Darwin, Major L. Dar- 
win, Professor J. A. Ewing, 
Dr. R. T. Glazebrook, Professor 
C. G. Knott, Professor R. 
Meldola, Mr. R. D. Oldham, 
Professor J. Perry, Mr. W. E. 
Plummer, Professor J. H. 
Poynting, Mr. Clement Reid, 
Mr. Nelson Richardson, and 
Professor H. H. Turner. 


Chairman.—Dr. W. N. Shaw. 

Secretary.—Mr. W. H. Dines. - 

Mr. D. Archibald, Mr. C. Ver- 
non Beys, Dr. A. Buchan, Dr. 


H.R. Mill, Dr. RB, 'T. Glazebrook, | 


and Dr. A. Schuster. 


Chairman.—Sir W. H. Preece. 

Secretary.— Dr. R. T. Glazebrook. 

Professor W. G. Adams, Captain 
Creak, Mr. W. F. Fox, Professor 
A. Schuster, and Sir A. W. 
Ricker 


Grants 


40 


40 


00 


00 


00 


COMMITTEES APPOINTED BY THE GENERAL COMMITTEE, 


1, Reoeiving Grants of Money—continued. 


Subject for Investigation or Purpose 


Members of the Committee 
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ep 


| Grants 


Srection B.—CHEMISTRY. 


Preparing a new Series of Wave- 
length Tables of the Spectra 
of the Elements. 


The Study of Hydro-aromatic Sub- | 


stances. 


SECTION 


To investigate the Erratic Blocks 
of the British Isles, and to take 
measures for their preservation. 


To explore Irish Caves. 

[Collections to be placed in the 
Science and Art Museum, Dub- 
lin.] 


The movements of Underground 
Waters of North-west York- 
shire. 


| To study Life-zones in the British 
Carboniferous Rocks. 


Chairman.—Sir H. E. Roscoe. 

Secretary.—Dr. Marshall Watts. 

Sir J. N. Lockyer, Professors J. 
Dewar, G. D. Liveing, A. Schus- 
ter, W. N. Hartley, and Wol- 
cott Gibbs, and Sir W. de W. 
Abney. 


Chairman.—Professor KE, Divers. 

Seeretary.—Dr. A. W. Crossley. 

Professor W. H. Perkin, jun., Dr. 
M. O. Forster, and Dr. Le Sueur. 


C.—GEOLOGY. 


Chairman.—Mzr. J. E. Marr. 

Secretary.—Mz. P. F. Kendall. 

Professor T. G. Bonney, Mr. C. E. 
De Rance, Professor W. J. Sollas, 
Mr. R. H. Tiddeman, Rev. S. N. 
Harrison, Mr. J. Horne, Mr. 
F. M. Burton, Mr. J. Lomas, 
Mr. A. R. Dwerryhouse, Mr. 
J. W. Stather, Mr. W. T. Tucker, 
and Mr. F. W. Harmer. 


Chairman.—Dr. RB. F. Scharff. 

Secretary.—Mr. R. Lloyd Praeger. 

Mr. G. Coffey, Professor Grenville 
Cole, Dr. Cunningham, Mr. G. 
W, Lamplugh, Mr, A. McHenry, 
and Mr. R. J. Ussher. 


Chairman.—Professor W.W. Watts. 

Seoretary.—Mr. A. R. Dwerry- 
house. 

Professor A. Smithells, Rev. E. 
Jones, Mr. Walter Morrison, 
Mr. G. Bray, Rev. W. Lower 
Carter, Mr. T. Fairley, Mr. 
Pp. F. Kendall, and Mr. J. E. 
Marr. 


Chairman.—Mx. J. E. Marr. 

Secretary.—Dr. Wheelton Hind. 

Mr. F. A. Bather, Mr. G. C. Crick, 
Mr. A. H. Foord, Mr. H. Fox, 
Professor E. J. Garwood, Dr.G.J. 
Hinde, Mr. P. F. Kendall, Mr. 
R. Kidston, Mr. G. W. Lam- 
plugh, Professor G. A. Lebour, 
Mr. B. N. Peach, Mr. A. Strahan, 
and Dr. H. Woodward, 


cut 
or 
on 


20 00 


10 00 


40 00 


40 00 
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1. Receiving Grants of Money—continued. 
eee 


Subject for Investigation or Purpose 


The Collection, Preservation, and 
Systematic Registration of 
Photographs of Geological In- 
terest. 


To report upon the Fauna and 
Flora of the Trias of the British 
Isles. 


Members of the Committee 


Chairman.—Professor J. Geikie. 

Secretary.—ProfessorW.W. Watts. 

Professor T. G. Bonney, Dr. T. An- 
derson, Professors E. J. Gar- 
wood and 8. H. Reynolds, and 
Messrs. A. S. Reid, W. Gray, 
H. B. Woodward, R. Kidston, 
J.J. H. Teall, J. G. Goodchild, 
H. Coates, C. V. Crook, G. Bing- 
ley, R. Welch, and A. K. Coo- 
miraswémy. 

Chairman.—Professor W. A. Herd- 

man, 

Secretary.—Mr. J. Lomas. 

Professor W. W. Watts and Messrs. 


P. F. Kendall, E. T. Newton, A, |. 


C. Seward, and W. A. E. Ussher, 


Section D.—ZOOLOGY. 


To enable Mr. W. Wallace to in- | Chairman.—ProfessorG.B. Howes. 


vestigate Viviparous Fishes and 
Dr. F. W. Gamble to study the 


Physiology of the Pigments of | 


the Higher Crustacea, and to 
aid other competent investiga- 
tors to carry on research at the 
Zoological Station at Naples. 


Compilation of an Index Generum 
et Specierum Animalium. 


Secretary.—Mr. J. E. 8. Moore. 

Professor E. Ray Lankester, Pro- 
fessor W. F. R. Weldon, Pro- 
fessor S. J. Hickson, Mr. A. 
Sedgwick, and Professor W. C. 
McIntosh, 


Chairman.—Dr. H. Woodward. 

Secretary.—Myr. F, A. Bather. 

Dr. P. L. Sclater, Rev. T. R. R. 
Stebbing, Mr. R. McLachlan, 
and Mr. W. E. Hoyle. 


Section H.—GEOGRAPHY. 


Tidal Bore, and 


Beaches. 


Sea Waves, 


The Geography of the Antarctic 
Regions in the Area to be ex- 
plored by the Scottish National 
Antarctic Expedition. 


Chairman.—Dy. J. Scott Keltie. 
Secretary.—Dr. Vaughan Cornish, 
Lieut.-Col. F. Bailey, Mr. E. A. 

Floyer, Mr. John Milne, and 

Mr. W. H. Wheeler. 
Chatyman.—Sir T. H. Holdich. 
Secretary.—Lieut.-Col. F. Bailey. 
Mr, W. 8. Bruce. 


Grants 


on | sane 
10 00 


100 00 


100 00 


50 00 


Section F.—ECONOMIC SCIENCE AND STATISTICS, 


The Economic Effect of Legisla- 


tion regulating Women’s Labour. 


[And balance in hand.] 


Chairman.—Mr. E. W. Brabrook. 

Secretary.—Mr. A. L. Bowley. 

Miss A. M Anderson, Miss Black- 
burn, Mr. C. Booth, Mr. 8. J. 
Chapman, Miss C. E. Collet, 
Professor Edgeworth, Mrs. J. R. 
MacDonald, Mr. L. L. Price, Pro- 
fessor Smart, Dr.G. Adam Smith, 
and Mrs. H. J. Tennant. 


25 00 


OO a 
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1. Receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


Members of the Committee 


xci 


OO 


| Grants 


Section G.—ENGINEERING. 


To consider means by which better 
practical effect can be given to 
the Introduction of the Screw 
Gauge proposed by the Associa- 
tion in 1884. 


To investigate the Resistance of 
Road Vehicles to Traction. 


Chair man.—Sir W. H. Preece. 

Secretary.—Mr. W. A. Price. 

Lord Kelvin, Sir F. J. Bramwell, 
Sir H. Trueman Wood, Maj.- 
Gen. Webber, Mr. R. E. Cromp- 
ton, Mr. A. Stroh, Mr. A. Le 
Neve Foster, Mr. C. J. Hewitt, 
Mr. G. K. B. Elphinstone, Col. 
Watkin, Mr. E. Rigg, Mr. Vernon 
Boys, Mr. J. Marshall Gorham, 
Mr. O. P. Clements, Mr. W. 
Taylor, and Dr. K. T. Glaze- 
brook. 


Chairman.—Sir Alexander Binnie, 
Secretary.—Professor H. S. Hele- 
Shaw. 


Mr. Aitken, Mr, Aveling, Pro- 


fessor T. Hudson Beare, Mr. 
W. W. Beaumont, Mr. J. Brown, 
Col. R. E. Crompton, Mr. A. 
Mallock, Sir D. Salomons, Mr. A. 
Sennett, Mr. E. Shrapnell Smith, 
and Sir J. I. Thornycroft. 


Section H.—_ANTHROPOLOGY. 


To conduct Archeological and 
Ethnological Researches in 
Crete. 


To conduct Explorations with the 
object of ascertaining the Age of 
Stone Circles. 


The Collection, Preservation, and 
Systematic Registration of Pho- 
tographs of Anthropological 
Interest. 

[Balance in hand.] 


To organise Anthropometric In- 
vestigation in Great Britain and 
Treland. 


Chairman.—Sir John Evans. 

Secretary.—Mr. J. L. Myres. 

Mr. A. J. Evans, Mr. D. G. Ho- 
garth, Professor A. Macalister, 
and Professor W. Ridgeway. 


Chairman.—Mr. CO. H. Read. 

Secretary.—Mr. H. Balfour. 

Sir John Evans, Dr. J. G. Garson, 
Professor Meldola, Mr. A. J. 
Evans, Dr. R. Munro, Pro- 
fessor Boyd Dawkins, and Mr. 
A. L. Lewis. 


Chairman.—Mx. C. H. Read. 

Secretary. —Mr. J. L. Myres. 

Dr. J. G. Garson, Mr. H. Ling Roth, 
Mr. H. Balfour, Dr. A.C. Haddon, 
Mr. E. S. Hartland, and Pro- 
fessor Flinders Petrie. 


Chairman.—Professor J. Cleland. 

Secretary.—Mr. J. Gray. 

Professor D. J. Cunningham, Dr. 
T. H. Bryce, Dr. A. C. Haddon, 
Mr. J. L. Myres, Professor A. F. 
Dixon, Mr. E. N. Fallaize, and 
Dr. D. Hepburn. 


| 


Ox 
on 


90 00 


100 00 


00 


ot 
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1. Reoelving Grants of Money—continued, 


Subject for Investigation or Purpose 


Members of the Committee 


To investigate the Psychology and | Chairman.—Professor Ridgeway. 


Sociology of the Todas and other 
Tribes of Southern India. 


Secretary.—Dr. W. H. R. Rivers. 
Dr. A. C. Haddon and Mr, W. 
Crooke. 


Section I. PHYSIOLOGY. 


The State of Solution of Proteids. 


Chairman.—Professor W.D, Halli- 
burton. 

Secretary.—Professor 
mouth Reid. 

Professor EH. A. Schifer. 


E. Way- 


Section K.—BOTANY. 


To consider and report upon a 
scheme for the Registration of 
Negatives of Botanical Photo- 
graphs. 


| 


Investigation of the 


phycer. 


Cyano- 


| 


Investigation on the Respiration 
of Plants. | 


The conditions of Health essen- 
tial to the carrying on of the 
work of instruction in schools, 


Corresponding Societies Com- | 


their Report. 


Chairman.—Professor L. C. Miall. 

Secretary.— Professor F. E. Weiss. 

Mr. Francis Darwin, Professor 
G. F. Scott-Elliot, and Mr. A. K. 
Coomaraswimy. 


Chairman. — Professor J. B. 
Farmer. 

Secretary.—Dr. F. F. Blackman. 

Professor Marshall Ward, Mr. W. 
Gardiner, and Dr. D. H. Scott. 


Chairman. — Professor Marshall 
Ward. 

Secretary.—Mr, H, Wager, 

My. Francis Darwin and Professor 
J. B. Farmer. 


Section L.—EDUCATIONAL SCIENCE, 


Chairman.—Professor Sherrington, 


Secretary.—Mr. E, White Wallis. 
Dr. C. W. Kimmins, Professor 
L. C. Miall, Professor H. lL. 
Withers, Miss Findlay, Miss 
Alice Ravenhill, Miss Maitland, 
Dr. Clement Dukes, Dr. Rivers, 
Mr. J. Russell, Dr. Sydney Ste- 
phenson, Dr. C. Ohilds, Dr. C, 
Shelley,and Mr. E. W. Brabrook, 


CORRESPONDING SOCIETIES. 


Chairman.—Mr. W. Whitaker. 


mittee for the preparation of | Seeretary.—Mr. F. W. Rudler. 


Dr. Francis Galton, Professor R. 
Meldola, Mr, T, V. Holmes, Sir 
John Evans, Mr. J. Hopkinson, 
Dr. H. R. Mill, Mr. Horace T. 
Brown, Rev. J. O. Bevan, Pro- 
fessor W. W. Watts, Rev. T. R. R. 
Stebbing, Mr. C. H. Read, and 
Dr. Vaughan Cornish. 


Grants 


£ 


s. d. 
50 00 


20 00 


25 00 


12 00 


10 00 


20 00 


aaa a eee 
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2: Not receiving Grants of Money. 


Subject for Investigation or Purpose 


Members of the Committee 


Section AA—-MATHEMATICS AND PHYSICS. 


Radiation from a Source of Light ina 
Magnetic Field. 


To establish a Meteorological Ob- 
servatory on Mount Royal, Montreal. 


Co-operating with the Scottish Meteoro- 
logical Society in making Meteoro- 
logical Observations on Ben Nevis. 


The Rate of Increase of Underground 
Temperature downwards in various 
Localities of Dry Land and under 
Water. 


Considering the best Methods of Re- 
cording the Direct Intensity of Solar 
Radiation. 


That Miss Hardcastle be requested to 
draw up a Report on the present 
state of the Theory of Point-groups. 


Chairman.-—Professor A. Schuster. 

Secretary.—Mr. W. EB. Thrift. 

Sir Oliver Lodge, Professor S. P. 
Thompson, Dr. Gerald Molloy, Dr. 
W. HE. Adeney, and Mr. E. P. Culver- 
well. 


Chairman.— Professor H. L. Callendar. 

Seerctary.—Professor C. H. McLeod. 

Professor F, Adams and Mr. R. F. 
Stupart. 


Chairman.—Lord McLaren. 

Secretary.— Professor Crum Brown. 

Sir John Murray, Dr. A. Buchan, and 
Professor R. Copeland. 


Chairman and Secretary.—Professor J. D. 
Everett. 

Lord Keivin, Sir Archibald Geikie, Mr. 
James Glaisher, Professor Edward 
Hull, Dr. C. Le Neve Foster, Professor 
A.S. Herschel, Professor G. A. Lebour, 
Mr. A. B. Wynne, Mr. W. Galloway, 
Mr. Joseph Dickinson, Mr. G. F. 
Deacon, Mr. E. Wethered, Mr. A. 
Strahan, Professor Michie Smith, Pro- 
fessor H. L. Callendar, and Mr. B. H. 
Brough. 


Chairman.—Dr, G, Johnstone Stoney. 

Secretary.—Professor H. McLeod. 

Sir G. G. Stokes, Professor A. Schuster, 
Sir H. E. Roscoe, Captain Sir W. de 
W. Abney, Dr. C. Chree, Professor 
H. L, Callendar, Mr. W. E. Wilson, 
and Professor A, A. Rambaut. 


Section B.— CHEMISTRY. 


The Nature of Alloys. 


Isomeric Naphthalene Derivatives. 


The Study of Isomorphous Sulphonic 
Derivatives of Benzene, 


Chairman and Secretary.— Mr. F. H. 
Neville 

Mr. C. T. Heycock and Mr. 
Griffiths. 


HE. H. 


Chatrman.—-Professor W. A. Tilden. 
Secretary.—Professor H. E. Armstrong. 


Chairman.—Professor H. A. Miers. 
Secretary.—Professor H. BE. Armstrong. 
Dr. W. P, Wytine and Mr, W. J. Pope. 
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2. Not receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


To approach the Inland Revenue Com- 
missioners to urge the desirability 
of securing the use of pure alcohol 
duty free for the purposes of scien- 
tific research. 


The Relation between the Absorption 
Spectra and Chemical Constitution of 
Organic Substances. 


The action of Gases dissolved in Metals 
and Alloys on their Properties. 


To consider and report on the possibility 
of making special Reports more avail- 
able than at present by indexing and 
by the wider distribution of them. 


Members of the Committee 


Chairman.—Sir H. E. Roscoe. 

Secretary.—Professor H. B. Dixon. 

Sir Michael Foster, Sir A. W. Riicker, 
Dr. T. E. Thorpe, Professor W. H. 
Perkin, and Professor W. D. Halli- 
burton. 


Chairman and Secretary.—Professor W. 
Noel Hartley. 

Professor F. R. Japp, Professor J. J. 
Dobbie, and Mr. Alexander Lauder. 


Chairman.—Sir Wm. C. Roberts-Austen. 

Seerctary.—Dr. T. K. Rose. 

Mr. W. Carrick Anderson, Professor H. B. 
Dixon, Mr. C. T. Heycock, Mr. F. H. 
Neville, and Sir W. Ramsay. 


Chairman.—Professor W. A. Shenstone. 

Secretary.—Dr. M. O. Forster. 

Professor HE. Divers, Professor W. J. Pope, 
and Dr. A. W. Crossley. 


Section C.—GEOLOGY. 


To report upon the present state of 


our Knowledge of the Structure of | 


Crystals. 


To consider the best Methods for the 
Registration of all Type Specimens of 
Fossils in the British Isles, and to 
report on the same. 


To investigate the Estuarine Deposit at 
Kirmington, Lincolnshire, and to con- 
sider its position with regard to the 
Glacial Deposits. 


Chairman.—Professor N. Story Maske- 
lyne. 

| Secretary.—Professor H. A. Miers. 

| Mr. L. Fletcher, Professor W. J. Sollas, 

Mr. W. Barlow, Mr. G. F. H. Smith, 

and the Ear] of Berkeley. 


| Chairman.—Dr. H. Woodward. 
Secretary—Mr. A. Smith Woodward. 

| Rev. G. F. Whidborne, Mr. R. Kidston, 

Professor H. G. Seeley, Mr. H. Woods, 

and Rev. J. F. Blake. 


Chairman.—Mr. G. W. Lamplugh. 
Secretary. —Mr. J. W. Stather. 
| Professor P. F. Kendall, Mr. Clement 
Reid, Mr. F. W. Harmer, and Mr. T. 
Sheppard. 


Section D.—ZOOLOGY. 


To investigate the structure, formation, 
and growth of the Coral Reefs of the 
Indian Region, with special observa- 
tions on the inter-relationship of the 
reef organisms, the depths at which 
they grow, the food of corals, effects 
of currents and character of the ocean 
bottom, &c. The land floraand fauna 
will be collected, and it is intended 
that observations shall be made on the 
manners, &c., of the natives in the 
different parts of the Maldive group. 


Chairman.—Mr. A. Sedgwick. 

Secretary.—Mr. J. Stanley Gardiner. 

Professor J. W. Judd, Mr. J. J. Lister, 
Mr. Francis Darwin, Dr. 8. F. Harmer, 
and Professors A. Macalister, W. A. 
Herdman, and 8. J. Hickson. 
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2. Not receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


To continue the investigation of the 
Zoology of the Sandwich Islands, 
with power to co-operate with the 
Committee appointed for the purpose 
by the Royal Society, and to avail 
themselves of such assistance in their 
investigations as may be offered by 
the Hawaiian Government or the 
Trustees of the Museum at Honolulu. 
The Committee to have power to dis- 
pose of specimens where advisable. 


To enable Mr. James Rankin to investi- 
gate Compound Ascidians of the Clyde 
area, and to enable other competent 
naturalists to perform definite re- 
searches in the Laboratory of the 
Marine Biological Association of the 
West of Scotland at Millport. 


To enable Mr. R. C. Punnett to con- 
tinue his investigations on the pelvic 
plexus of Elasmobranch fishes, and 
to enable other competent naturalists 
to perform definite pieces of work at 
the Marine Laboratory, Plymouth. 


To work out the details of the Obser- 
vations on the Migration of Birds at 
Lighthouses and Lightships, 1880-87. 


The Periodic Investigation of the 
Plankton and Physical Conditions of 
the English Channel. 


Members of the Committee 


Chairman.—Professor A. Newton. 

Secretary.—Dr. David Sharp. 

Dr. W. T. Blanford, Professor S. J. 
Hickson, Dr. P. L. Sclater, Mr. F. 
Du Cane Godman, and Mr. Edgar 
A. Smith. 


Chairman.—Sir John Murray. 

Secretary.—Dr. J. F. Gemmill. 

Professor F. O. Bower, Professor Cossat 
Ewart, Professor W. A. Herdman, 
Professor M. Laurie, Mr. Alex, Somer- 
ville, and Mr. J. A. Todd. 


Chairman and Secretary.—Mr. W. Gar- 
stang. 

Professor E. Ray Lankester, Professor 
Sydney H. Vines, Mr. A. Sedgwick, 
and Professor W. F. R. Weldon. 


Chairman.—Professor A. Newton. 

Secretary.—Rev. E. P. Knubley. 

Mr. John A. Harvie-Brown, Mr. R. M. 
Barrington, Mr. A. H. Evans, and Dr. 
H. O. Forbes. 


Chairman.—Professor H. Ray Lankester. | 

Secretary.—Mr. Walter Garstang. 

Professor W. A. Herdman and Mr. H. N. 
Dickson. 


Section H.—ANTHROPOLOGY. 


The present state of Anthropological 
_ Teaching in the United Kingdom and 
elsewhere. 


To organise an Ethnological Survey of 
Canada. 


Chairman.—Professor H. B. Tylor. 

Secretary.—Mr. J. L. Myres. 

Professor A. Macalister, Dr. A. C. Had- 
don, Mr. C. H. Read, Mr. H. Balfour, 
Mr. F. W. Rudler, Dr. R. Munro, Pro- 
fessor Flinders Petrie, Mr. H. Ling 
Roth, and Professor D. J. Cunningham. 


Chairman.—Professor D. P. Penhallow. 

Secretary.—Mzr. C. Hill-Tout. 

Mr. E. W. Brabrook, Dr. A. C. Haddon, 
Mr. E. 8. Hartland, Sir J. G. Bourinot, 
Mr. B. Sulte, Mr. David Boyle, Mr. 
C. N. Bell, Professor E. B. Tylor, Pro- 
fessor J. Mavor, Mr. A. F, Hunter, and 
Dr. W. F Ganong. 
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2. Not receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


To co-operate with the Cardiff Natu- 
ralists’ Society in its Excavations on 
the Roman Site at Gelligaer. 


To organise a Pigmentation Survey of 
the school children of Scotland. 


To conduct Anthropometric Investiga- 
tions among the Native Troops of 
the Egyptian Army. 


To investigate the Lake Village at 
Glastonbury, and to report on the 
best method of publication of the 
result. 


To co-operate with the Silchester Exca- 
vation Fund Committee in their 
explorations. 


To report on the present state of know- 
ledge of the Ethnography, Folklore, 
and Languages of the Peoples of the 
Pacific. 


The Physiological Effects of Peptone 
and its Precursors when introduced 
into the circulation. 


The Micro-chemistry of Cells. 


To investigate the Functions of the 
Rods and Cones in the Mammalian 
Retina with reference to the Visual 
Purple. 


Members of the Committee 


Chairman.—Professor J. Rhys. 
Secretary.—Mr. J. L. Myres. 
Mr. A. J. Evans and Mr, E. W. Brabrook. 


Chairman.—Mx. E. W. Brabrook. 

Seerctary.—Mr. J. Gray. 

Dr. A.C, Haddon, Professor A. Macalister, 
Professor D. J. Cunningham, Mr. J. F. 
Tocher, and Dr. W. H. R. Rivers. 


Chairman.—Professor A. Macalister. 

Secretary.—Mr. C. 8. Myers. 

Sir John Evans and Professor D. J. 
Cunningham. 


Chairman.—Dr. R. Munro. 

Seeretary.—Professor W. Boyd Dawkins. 

Sir John Evans, Mr. Arthur J. Evans, 
Mr. C. H. Read, and Mr. A, Bulleid. 


Chairman.—Mr. A. J. Evans. 
Secretary.—Mr. John L. Myres. 
Mr. E. W. Brabrook. 


Chairman.—Professor E. B. Tylor. 

Secretary.—Dr. A. C. Haddon. 

Mr. H. Balfour and Mr. J. Stanley Gar- 
diner. 


Section I.—PHYSIOLOGY. 


Chairman.—Professor E. A. Schafer. 

Secretary.—Professor W. H. Thompson. 

Professor R. Boyce and Professor ©. 8. 
Sherrington. 


Chairman.—Professor EB. A. Schiifer. 

Secretary.—Professor A. B. Macallum. 

Professor E.. Ray Lankester, Professor 
W. D. Halliburton, Mr. G. C. Bourne, 
and Professor J. J. Mackenzie. 


Chairman.—Professor J. G. McKendrick. 

Secretary.—Dr. F. W. Edridge Green. 

Professors E. H. Starling and A. D. 
Waller. 


Section L.—EDUCATIONAL SCIENCE. 


The Teaching of Natural Science in 
Elementary Schools. 


Chairman.—Dr. J. H. Gladstone. 

Secretary.—Professor H. E. Armstrong. 

Lord Avebury, Mr. George Gladstone, 
Professor W. R. Dunstan, Sir Philip 
Magnus, Sir H. E. Roscoe, Dr. Sil- 
vanus P, Thompson, and Professor A. 
Smithells, 


— oo 
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2, Not receiving Grants of Money—continued. 


Subject for Investigation or Purpose 


Members of the Committee 


To report upon improvements that 
might be effected in the teaching of 
Mathematics, in the first instance in 


the teaching of Elementary Mathe- | 


matics, and upon such means as they 


think likely to effect such improve- | 


ments. 


To consider and report upon the influ- 
ence exercised by Universities and 
Examining Bodies on secondary school 
curricula, and also of the schools on 
university requirements. 


The Teaching of Botany in Schools, 


Chairman.— Professor A. R. Forsyth. 
Secretary.—Frofessor J. Perry. 


| Sir A. W. Riicker, Sir O. J. Lodge, Major 


Pp. A. MacMahon, Professor W. H. H. 
Hudson, Dr. J. Larmor, Professors S. P, 
Thompson, G. Chrystal, O. Henrici, A. 
Lodge, A. G. Greenbill, and G. M. Min- 
chin, Mr. W. D. Eggar, Mr. H. W. Eve, 
Dr. Gladstone, Professor Gibson, 
Professor Robert Russell, Mr. R. A. 
Gregory, and Professor Love. 


Chairman.— Dr. H. E. Armstrong. 

Seeretary.— Mr. BR. A. Gregory. 

The Bishop of Hereford, Sir Michael 
Foster, Sir P. Magnus, Sir A. W. 
Riicker, Sir O. J. Lodge, Mr. H. W. Eve, 
Mr. W. A. Shenstone, Mr. Eggar, 
Professor Marshall Ward, Mr. F. H. 
Neville, Mrs. W. N. Shaw, Professor 
H. L. Withers, and Dr. C. W. Kimmins. 


| Chairman.—Professor L. C. Miall. 
| Secretary.—Mr. Harold Wager. 


Professor J. R. Green, Mr. A. C. Seward, 
Professors H. M. Ward, J. B. Farmer, 
and T. Jobnson, Miss Lillian Clarke, 
and Dr. C. W. Kimmins. 


Communications ordered to be printed in extenso. 
Our Present Knowledge of Aromatic Diazo-compounds, by G. T. Morgan, D.Sc. 
Hydro-aromatic Compounds with Single Nucleus, by A. W. Crossley, D.Sc., Ph.D, 


Resolutions referred to the Council for consideration, and action 
if desirable. 


That the Council be requested to impress upon His Majesty’s Government the 
desirability of appointing an Inspector of Ancient Monuments under the Ancien‘ 
Monuments Act in the place of the late Lieut.-General Pitt-Rivers. 


That the Council be requested to call the attention of His Majesty’s Government 
to the destruction of Ancient Monuments, especially on Dartmoor, which is autho- 
rised under the terms of the Highway Act, 5 & 6 Wm. IV., c 50, the provisions of 
which are unrepealed by later Acts; and to urge the repeal of this section of 
the Act. 


That the attention of the Royal Irish Academy be drawn to the importance ct 
organising and carrying out a Pigmentation Survey of School Children in Ireland, 
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Synopsis of Grants of Money appropriated to Scientific Purposes by the 
The 


Names of the Members entitled to call on the General Treasurer 


General Committee at the Belfast Meeting, September 1902. 


for the respective Grants wre prefived. 


Mathematics and Physics. 


£ 

*Rayleigh, Lord—Electrical Standards ......... 02. sseseeseeeee ees 35 

*Judd, es J. W.—Seismological Observations ........ 40 
is Shaw, Dr. W. SN N.—Investigation of the Upper Atmosphere 

by means of Kites ee. s.. Peri ai 


*Preece, Sir W. H. —Magnetic Ghana iN Palmonth mer A0) 


Chemistry. 
*Roscoe, Sir H. E.—Wave-length Tables ...... errr ttt 

Divers, Dr. E.—-Study of Hydro- aromatic Subsiances......... 20 

Geology. 

*Marr. viz. J, H,—Erratic Blockg., .......:.:<-.scsssesusasauavstices 10 
*Scharff, Dr. —-Exploration of Irish Caves ....... 40 
*Watts, Professor W. W.—Underground Waters of North- 

av CRG AY OFShITO!.,..).t NE) os... «caja seine heacak ations aac aaa 40 
*Marr, Mr. J. E.—Life-zones in British Carboniferous Rocks 5 
*Geikie, Professor J.—Geological Photographs .................. 10 

Cade Professor W. A.—Fauna and Flora of British 

SUPIOR: cotcespaspppie on bmeweate gina hecsee Sacaadeeaeesons peakMe teen acta 

Zoology. 
*Howes, Professor G, B.—Table at the Zoological Station, 

STN eN ei a a gxciaal ane ere ac’ gh aay septs gh woe ge acer eee ee 100 
*Woodward, Dr. H.—Index Generum et Specierum Ani- 

PUEMUUI, tis fe ute snthos'civce!oue ne viavbieoisinen sed te oe oo ee epee eee nea 100 

Geography, 


Keltie, Dr. J. Scott—Tidal Bore, Sea Waves, and Beaches... 15 
Holdich, Sir T. H.—Scottish National Antarctic Expedition 50 
Economic Science and Statistics. 


*Brabrook, E. W.—Legislation regulating Women’s Labour 25 


Engineering. 


*Preece, Sir W. H.—Small Screw Gauge .. wate ee 
*Binnie, Sir A.—Resistance of Road Walicles ne "Teves Br todie(!) 0) 


Carried forward eeC RCC eerereererrer ery ey yr Trey err sisene lO 
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SYNOPSIS OF GRANTS OF MONEY. xcix 


£ 28. d. 
BPGGANG TOLWATA  cicsccccpesneve ges shesns MMvengsececceesssse S10 O 0 
Anthropology. 
*Evans, Sir John—Researches in Crete ... .........s.s000seeeeeee 100 0 0 
*Read, "Mr. C. H. —Age of Stone Circles.. ae a 8) 
*Read, Mr. C. H.— Anthropological Photographs (Balance i in 
hand)... f ae 
Cleland, Professor J. ‘Anthropometric Investigation Fat ass. 5 0 0 
Ridgeway, oe aii of the Todas and other 
Tribes of Southern India ....... dean ias «+026 Bscgians ON, 
Physiology. 
Halliburton, Professor W. D.—The State of Solution of 
EBRIEMOS. (aie iot Af bencasaiesest\:«- -aadlcdeddteacse Giaesetasheat ob 20.0 0 
Botany. 
*Miall, Professor L, C.—Registration of Botanical Photo- 
graphs dee 3.0 0 
*Farmer, Professor J.B. Investigations of the Cyanophycez 25 0 0 
*Ward, Professor Marshall—The Respiration of Plant& <..... LIP pea eet) 
Educational Science. 
*Sherrington, Professor—Conditions of Health essential for 
PAMBOOL ANSEPUCUHON, | 50:44 -bainerdo-oeble vob o> lateecaceade cones semdesma chon Op 70 
Corresponding Societies. 
*Whitaker, Mr. W.—Preparing Report, dc, .....cccsecceeere 20 0 0 
£960 0 0 


* Reappointed. 


The Annual Meeting in 1903. 
The Annual Meeting of the Association in 1903 will be held at 
Southport, commencing on September 9. 
The Annual Meeting in 1904. 


The Annual Meeting of the Association in 1904 will be held at 
Cambridge. 
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General Statement of Sums which have been paid on account of 
Grants for Scientifie Purposes 


1834. 

£8. a 
Tide Discussions ...... eaecasaes 20 0 0 

1835. 
Tide Discussions ..........+0+++ 62 0 0 
British Fossil Ichthyology ... 105 0 0 
£167 UV O 

1836. 
Tide Discussions .........s000++ 163 0 0 
British Fossil Ichthyology ... 105 0 0 

Thermometric Observations, 

MCaluersicnstessentcecs=snccranenee 50 0 0 
Experiments on Long-con- 

tinued Heat) .........cccsceees LT 12 30 
Rain-gauges ..........sessceeeees 9 130 
Refraction Experiments ...... 15, 0).0 
Lunar Nutation..............006+ 60 0 0 
PUHETMOMELCTS! Vis.eccocccececess 15 6 0 

£435 O O 
1837. 

Tide Discussions ..........0.008 284 1 
Chemical Constants ............ 24 13 
Lunar Nutation.............06008 70 0 
Observations on Waves ...... 100 12 
Tides at Bristol .........-.-....65 150 0 
Meteorology and Subterra- 

nean Temperature............ 93 3 
Vitrification Experiments ... 150 0 
Heart Experiments ............ 8 4 
Barometric Observations ...... 30 0 
BaQromMeters’....s.ss0cesscnses Beco a eben 

£922 12 
1838. 
Tide Discussions ............... 29 9 0 
British Fossil Fishes............ 100 0 0 
Meteorological Observations 

and Anemometer (construc- 

LION) 7qsczcsaecscsscssesta, hone 100 0 0 
Cast Iron (Strength of) ...... 60 0 0 
Animal and Vegetable Sub- 

stances (Preservation of)... 19 1 10 
Railway Constants ..........., 41 12 10 
Bristol’ Tides eee ee 50 0 0 
Growth of Plants ............... 75 0 0 
Mud in Rivers .........seccceces 3.6 6 
Education Committee ......... 50 0 O 
Heart Experiments ........... > b> SO 
Land and Sea Level......... woe 207 8 7 
Steam-vessels...............csecee 100 0 0 
Meteorological Committee ... 31 9 5 

Dae ee 


) 


Si ronoo ooonaso 


1839, 

£ 3.0d, 
Fossil Ichthyology ............ 110 0 0 

Meteorological Observations 
at Plymouth, &c. .........006 63 10 0O 
Mechanism of Wayes ......... 144 2 0 
Bristol Tides... saccwsaseeesteoctey 35 18 6 

Meteorology and Subterra- 
nean Temperature............ 2111 O 
Vitrification Experiments ... 9 4 0 
Cast-iron Experiments......... 103 0 7 
Railway Constants ............ 28 7 0 
Land and Sea Level............ 274 1° 2 
| Steam-vessels’ Engines ...... 100 0 4 
Stars in Histoire Céleste ...... 171 18 0O 
Stars in Lacaille ............... ll 0 6 
Stars in R.A.S. Catalogue ... 16616 0 
Animal Secretions............. - 1010 6 
Steam Engines in Cornwall... 50 0 0 
Atmospheric Air .........sssess 161 0 
Cast and Wrought Iron ...... 40 0 0 
Heat on Organic Bodies ...... 3.0 0 
Gases on Solar Spectrum...... 22 0 0 

Hourly Meteorological Ob- 

servations, Inverness and 
KINBUSSIC  <..csssesereuscroany 49 7 & 
Fossil Reptiles 2... ..sccceceoree 118 2 9 
Mining Statistics ............0 50 0 0 
£1595 11 O 

1840. 

Bristol Tides jchsccecsstsavcess sent 100 0 O 
Subterranean Temperature... 1313 6 
Heart Experiments .........066 18 19 0O 
Lungs Experiments ............ 813 0 
Tide Discussions ............00+ 50 0 0 
Land and Sea Level...... oes coemOmiuliaedd 
Stars (Histoire Céleste) ...... 242 10 O 
Stars (acaille) 2.0... .cceveeces 415 0 
Stars (Catalogue) ...... saechaeed 264 0 0 
Atmospheric Air, ci.c<scscessses 1515 0 
Water on Tron) <5.....:sess«<seee 10 0 0 
Heat on Organic Bodies ...... 7 00 
Meteorological Observations. 5217 6 
Foreign Scientific Memoirs... 112 1 6 
Working Population ............ 100 0 O 
School Statistics ............4.. 50 0 O 
Forms of Vessels .......sseeees 184.7; 0 

Chemical and Electrical Phe- 
NOMENA Stas snwetesessacaresseseus 40 0 0 

Meteorological Observations 
at Plymonthin tesco, cseeeess oo 80" (020 
Magnetical Observations...... 185 13 9 
£1546 16 4 
eee ale eerie 


GENERAL STATEMENT. 


1841. 
£8. 4 
Observations on Waves ...... 30 0 
Meteorology and Subtetra- 

nean Temperature ........... 8 8 
Actimometers ..........ccsecseeeee 10 0 
Earthquake Shocks .........0+. O Ufoloiet 
Acrid POISONS........:.cesseeeeeee 6 0 
Veins and Absorbents ......... 3 0 
Mud in Rivers .........sceseeeee 5 0 
Marine Zoology ......sesseeeeeees 15 12 
Skeleton Maps ............s0c00 20 0 
Mountain Barometers ......... 6 18 
Stars (Histoire Céleste) ...... 185 0 
Stars (Lacaille)............s.s006 79 5 
Stars (Nomenclature of)...... 17 19 
Stars (Catalogue of) ............ 40 0 
Water on Iron ...........0.0000- 50 0 
Meteorological Observations 

At INVerness 66.0662. s..ceoees 20 0 
Meteorological Observations 

(reduction Of) ...se.sseseeeee 25 0 
Fossil Reptiles ........ sesseeeee 50 0 
Foreign Memoirs ........ ...... 62 0 
Railway Sections ............. ‘yehtasole Ai 
Forms of Vessels ..........00005 193 12 
Meteorological Observations 

at Plymouth ...........cceeeee 55 0 
Magnetical Observations...... 61 18 
Fishes of the Old Red Sand- 

Stone ........0. Sapbeecsuocetionss 100 0 
Tides at Leith ............s00008 50 0 
Anemometer at Edinburgh... 69 11 
Tabulating Observations ...... 9 6 
Races of Men........ceceseeceeees 5 0 
Radiate Animals ............... 2 0 

£1235 10 11 

1842. 

Dynamometric Instruments.. 113 11 2 
Anoplura Britanniz ............ 5212 0 
Tides at Bristol ..............006 59 8 0 
Gases on Light ........ccsssseeee 30 14 7 
Chronometers.......... nnbenecer oe a One 
Marine Zoology........sseseesene 15 0 
British Fossil Mammalia...... 100 0 0 
Statistics of Education......... 20 0 O 
Marine Steam-vessels’ En- 

POW accede ccc cce sca: shi sanaes 28 0 0 
Stars (Histoire Céleste) ...... 59 0 O 
Stars (Brit. Assoc. Cat. of)... 110 0 0 
Railway Sections ......... Pair 161 10. 0 
British Belemnites ............ 50 0 0 
Fossil Reptiles (publication 

OEGREPOFt)) Vevcsecscescceossey . 210 0 0 
Forms of Vessels ............0++ 180 0 0 
Galvanic Experiments on 

Rocks ....... Roasicacheshasecese 5 8 6 
Meteorological Experiments 

at Plymouth .........ceceeeee 68 0 0 
Constant Indicator and Dyna- 

mometric Instruments...... 90 0 0 


cow~oodo ao ooacKe () Conocoononmsaoococos Oo; 


a 


& si a. 
Force of Wind ......sc0csseesee 10 0 0 
Light on Growth of Seeds .. 8 O O 
Vital Statistics ..........cc008 ~ 50 0 0 
Vegetative Power of Seeds... 8 1 11 
Questions on Human Race... 7 9 O 
£1449 17 8 
1843. 
Revision of the Nomenclature 
(Ole SEBES ee cic ic oes secanicseeasiess 2 0 0 
Reduction of Stars, British 
Association Catalogue ...... 25 0 0 
Anomalous Tides, Firth of 
HORGH peer sececeensseundcecsecesss 120 0 © 
Hourly Meteorological Obser- 
vations at Kingussie and 
UMVERNESS! \..cscacsacseseermaar 7712 8 
Meteorological Observations 
at Rl yMOWt Teens. scence ens. 55 0 0 
Whewell’s Meteorological Ane- 
mometer at Plymouth ...... TOS OS 10 
Meteorological Observations, 
Osler’s Anemometer at Ply- 
TMOUthivectemencases seus sva sae cece 20 0 0 
Reduction of Meteorological 
Observations ..,.........s00006 30 0 O 
Meteorological Instruments 
and Gratuities ......csceeeee 39 6 O 
Construction of Anemometer 
atiImverness! S.ctercvacarexes on 5612 2 
Magnetic Co-operation......... 10 8 10 
Meteorological Recorder for 
Kew Observatory .......0.2. - 50 0 0 
Action of Gases on Light...... 1816 1 
Establishment at Kew Ob- 
servatory, Wages, Repairs, 
Furniture, and Sundries... 133 4 7 
Experiments by Captive Bal- 
TOCTISB trae ctews ones acandnc chante ee 81 8 0 
Oxidation of the Rails of 
RanliWaystenctsps-ccncescrcseesae 20 0 0 
Publication of Report on 
Fossil Reptiles ..........e000 40 0 0 
Coloured Drawings of Rail- 
Way Sections ........ssecsecees 147 18 3 
Registration of Earthquake 
SHOCKS sectcsaessacceedsaty sures 30 0 0 
Report on Zoological Nomen- 
CIALGNC a. Meteatensepceeuns caress 10 0 0 
Uncovering Lower Red Sand- 
stone near Manchester...... 4 4 6 
Vegetative Power of Seeds... 5 3 8 
Marine Testacea (Habits of). 10 0 O 
Marine Zoology .....-.sceeeeseees 10 0 O 
Marine Zoology .........seseeeee yee 
Preparation of Report on Bri- 
tish Fossil Mammalia ...... 100 0 O 
Physiological Operations of 
Medicinal Agents .......0.0 20 0 0 
Vital Statistics ........000000048 36 5 8 


cil 


Bi. Sarde 
Additional Experiments on 

the Forms of Vessels ...... 70 0 0 
Additional Experiments on 

the Forms of Vessels ...... 100 0 0 
Reduction of Experiments on 

the Forms of Vessels ...... 100 0 0 
Morin’s Instrument and Con- 

stant Indicator ............... 69 14 10 
Experiments on the Strength 

Of Materials ....c:cccs.0.. 0500 60 0 0 

£1565 10 2 
re 
1844, 
Meteorological Observations 

at Kingussie and Inverness 12 0 0 
Completing Observations at 

Telhyganvouril lee coorooreenoac (eee 35 0 0 
Magnetic and Meteorological 

Co-Operation ......seceeseeeee 25 8 
Publication of the British 

Association Catalogue of 

SLAMS Meteneiccneieseeqaunnsenieds a 35 0 0 
Observations on Tides on the 

Hast Coast of Scotland 100 0 0 
Revision of the Nomenclature 

OLISEATS: cGecshesedsnccnens 1842 2 9 6 
Maintaining the Establish- 

ment at Kew Observa- 

SOTViloegeeesaesvessscnnsensencnat 117 17 3 
Instruments for Kew Obser- 

ALOT Vari (isleesiisist abaassmasa sites 6607. 3 
Influence of Light on Plants 10 0 0 
Subterraneous Temperature 

ANPING ANS ses cclexs vsvnaneaesnee 56 0 0 
Coloured Drawings of Rail- 

WAYS CCHLOMS) scp. ccxh sisaae tani 1b 17.6 
Investigation of Fossil Fishes 

ofthe Lower Tertiary Strata 100 0 0 
Registering the Shocks of 

Earthquakes ............ 1842 23 11 10 
Structure of Fossil Shells ... 20 0 0 
Radiata and Mollusca of the 

Aigean and Red Seas 1842 100 0 0 
Geographical Distributions of 

Marine Zoology......... 1842 010 0 
Marine Zoology of Devon and 

Cormmwalln iirc cccrseseseves casas 10 0 0 
Marine Zoology of Corfu...... LOD Ove0 
Experiments on the Vitality 

OLISCCUS! Sirus ecnesis.ar cere ere 9 0 0 
Experiments on the Vitality 

OP SCEMS | cosets ce ssetaatns PSA eS 3 
Exotic Anoplura .............68 15 0 0 
Strength of Materials ......... 100 0 O 
Completing Experiments on 

the Forms of Ships ......... 100 0 O 
Inquiries into Asphyxia ...... 10 0 O 
Investigations on the Internal 

Constitution of Metals...... 50 0 0 
Constant Indicator and Mo- 

rin’s Instrument ..,...1842 10 0 0 

£981 12 8 
ee 
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1845. 
£ 8. da, 
Publication of the British As- 

sociation Catalogue of Stars 351 14 6 
Meteorological Observations 

at INvermess, =......seasueestee 30 18 11 

| Magnetic and Meteorological 

-CO-OperatiOn ....sssereeeseres 1616 8 

| Meteorological Instruments 

abeHidmbure bins. ccsses-secsie 1811 9 
Reduction of Anemometrical 

Observations at Plymouth 25 0 0 
Electrical Experiments at 

Kew Observatory .......+.00 43 17 8 

| Maintaining the Establish- 

ment at Kew Observatory 149 15 0 
For Kreil’s Barometrograph 25 0 0 
Gases from Iron Furnaces... 50 0 0 
The Actinograph ...........000 15°0 0 
Microscopic Structure of 

| . SSDP Sa 8s. oe ccccccmasencsessceeeee 20 0 0 

| Exotic Anoplura ......... 1843 10 0 0 

| Vitality of Seeds ......... 1843 2 0 7 
Vitality of Seeds ......... 1844 7 0 0 
Marine Zoology of Cornwall. 10 0 0 
Physiological Action of Medi- 

CLUNCS fain conasseaseetee eens eee 20 0 0 

Statistics of Sickness and 
| Mortality in York.. ......... 20 0 0 
Earthquake Shocks ...... 1843 1514 8 
£831 9 9 
1846. 
British Association Catalogue 

OL SATS. css sae naseaeneaes 1844 211 15 0O 

| Fossil Fishes of the London 

ClaiVeasiacisteve nena sentuapa aerate 100 0 O 

, Computation of the Gaussian 
Constants for 1829 ......... 50 0 0 
Maintaining the Establish- 
ment at Kew Observatory 146 16 7 
| Strength of Materials ......... 60 0 0 
Researches in Asphyxia ...... 616 2 
Examination of Fossil Shells 10 0 0 
Vitality of Seeds ......... 1844 2 15.10 
| Vitality of Seeds ......... 1845 712 3 
| Marine Zoology of Cornwall 10 0 0 
Marine Zoology of Britain... 10 0 0 
Exotic Anoplura ......... 1844 25 0 0 
Expenses attending Anemo- 
THGUCTS: cnc 0sspeeceeee seule 1M ener il 
Anemometers’ Repairs... ..... 2 3 6 
Atmospheric Waves ..........+. 3.3 3 
Captive Balloons ......... 1844 819 8 
Varieties of the Human Race 
1844 7 6 3 

Statistics of Sickness and 
Mortality in York............ 12 0 0 
£685 16 0 


Se 


a 


ee 
nad ee erellerl eS 


GENERAL STATEMENT. 


1847. 
£ 38. d. 
Computation of the Gaussian 

Constants for 1829.......-.+++ 50 0 O 
Habits of Marine Animals... 10 0 0 
Physiological Action of Medi- 

CINES coeeeceeeeeececeeeeeerecese 20 0 0 
Marine Zoology of Cornwall 10 0 0 
Atmospheric Waves ....+-.+++++ 6 9 3 
Vitality of Seeds .........+s000 ZS ait (cain) 
Maintaining the Establish- 

ment at Kew Observatory 107 8 6 

£208 5 4 


1848. 


Atmospheric Waves .......++++ 310 9 
Vitality of Seeds ..........-.+ Slee) 
Completion of Catalogue of 
Stars ...scececseececseeecerseres 70.0) 0 
On Colouring Matters ........- 5 0 0 
On Growth of Plants ......... 15 0 0 
£275 1 8 
1849. 
Blectrical Observations at 
Kew Observatory .....-000++ 50 0 0 
Maintaining the Establish- 
ment at ditto.........+ gacaceee 76 2 5 
Vitality of Seeds ...........+04 5-8 1 
On Growth of Plants ......... 5 0 0 
Registration of Periodical 
Phenomena.........seeeeeeeeeee 10 0 O 
Bill on Account of Anemo- 
metrical Observations ...... 13..,9).0 
£159 19 6 
1850. 
Maintaining the Establish- 
ment at Kew Observatory 255 18 
Transit of Earthquake Waves 50 0 
Periodical Phenomena......... 15. 0 
Meteorological Instruments, 
AZOTES ...ccccseceeccerscseesceeee 25 0 
£345 18 
1861. 
Maintaining the Establish- 
ment at Kew Observatory 
(includes part of grant in 
WS89)) ..citeccscedsedsccicasceess 309 2 2 
Theory of Heat ...........2:6000+ 20 1 1 
Periodical Phenomena of Ani- 
mals and Plants..........00+0+ 5 0 0 
Vitality of Seeds ............4.. 5 6 4 
Infinence of Solar Radiation 30 0 0 
Ethnological Inquiries......... 12 0 0 
Researches on Annelida ...... 10 0 O 
£39) 9 7 


cil 
1852. 
s. d. 
Maintaining the Hstablish- 

ment at Kew Observatory 

(including balance of grant 

FOr 1850) ..ccececeseeeeeeeees tees 233 17 8 
Experiments on the Conduc- 

tion of Heat .......seeeeseeeee 5 2 9 
Influence of Solar Radiations 20 0 0 
Geological Map of Ireland... 15 20 
Researches on the British An- 

TELIAA .. cee ceeeeee eee eeseeeeeees 10 0 O 
Vitality of Sceds ....ssseseeues 10 6 2 
Strength of Boiler Plates.....- 10 0 O 

£304 6 7 
pra allt "2 
1853. 
| Maintaining the Establish- 

ment at Kew Observatory 165 0 0 
Experiments on the Influence 

of Solar Radiation ......... to TOUS 
Researches on the British 

AMMELICA.......c0cseceeecrevees TOP ONO 
Dredging on the East Coast 

Of Scotland........s.sccceseeeee 10 0 O 
Ethnological Queries .......+- 5 0 O 

£205 0 O 
1854, 
Maintaining the Establish- 

ment at Kew Observatory 

(including balance of 

former Qrant).....sseeceesseeee 330 15 4 
Investigations on Flax......... I-00 
Effects of Temperature on 

Wrought Iron...........+.-0++ 10 0 0 
Registration of Periodical 

PheNOMENA........eseeeereeeees 10 0 0 
British Annelida ........++++e++ LOST One 
Vitality of Seeds ..........:+0+8 DA ie 
Conduction of Heat ..........+- 4 2 0 

£380 19 7 
1855. 
| Maintaining the Establish- 

ment at Kew Observatory 425 0 0 
Earthquake Movements ...... 10 0 0 
Physical Aspect of the Moon 11 8 5 
Vitality of Seeds ............06. 10 7 11 
Map of the World............... 15 0 0 

| Ethnological Queries ......... x O00 
Dredging near Belfast......... 4 0 0 
£480 16 4 
1856, 
Maintaining the Establish- 
ment at Kew Observa- 
tory :— 
SBA os eee £76 0 0 
hy aon £500 0 fi GiB (@ 


C1lV 
8. d. 
Strickland’s Ornithological 

SYMON YING Gaseeeacacises paves one 100 0 O 
Dredging and Dredging 

HGTING ewe coatrentatsasenache be 913 0 
Chemical Action of Light ... 20 0 0 
Strength of Iron Plates ...... G0. 0 
Registration of Periodical 

PHENOMENA geiges shea is onntsees 10/050 
Propagation of Salmon......... 10 0 O 

£734 13 9 
1857. 
Maintaining the Establish- 

ment at Kew Observatory 350 0 
Earthquake Wave Experi- 

RHET US eesesesenesomesetdevccsxes's 40 0 
Dredging near Belfast......... 10 0 
Dredging on the West Coast 

OLAS COMAMG sceialsote dnc cocsnes. 10 0 
Investigations into the Mol- 

lusea of California ......... 10 0 
Experiments on Flax ......... 5 0 
Watural History of Mada- 

Pane aU ars sasedgessnssscves-secses 20 0 
ltesearches on British Anne- 

AGA Derren eyrenesase seek osccssueesrs 25 0 
Report on Natural Products 

imported into Liverpool... 10 0 
Artificial Propagation of Sal- 

TMOUeeseseased¥sebanecss + spisle sce 10 0 
Temperature of Mines......... 7 8 
Thermometers for Subterra- 

nean Observations............ Bit) 4 
TUES SORES 555.0050 ciate oder cane DisiDni0 

£507 15 4 
1858. 
Maintaining the Establish- 

ment at Kew Observatory 500 0 
Earthquake Wave Experi- 

ACTA ess cr usr eseenauionsices sas 25 0 
Dredging on the West Coast 

OLSCOM ANG .o.spssesasendsc+sas 10 0 
Dredging near Dublin......... 5 0 
Vitality of Seed. ....5.....0.00. es 
Dredging near Belfast......... 18 13 
Report on the British Anne- 

MiG eehee seals nctnet wscesee ks 25 0 0 
Experiments on the produc- 

tion of Heat by Motion in 

HLS) sain. Patiey o setaa see pone 20 0 
Report on the Natural Pro- 

ducts imported into Scot- 

NAGY Soe: tase eCeee ee cc cress LOR O30 

2618 18 2 


1859. 
Maintaining the Establish- 
ment at Kew Observatory 500 0 0 
Dredging near Dublin......... 150! 0 


oo Oo o o oo o oo o 
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£ 3. d. 
Osteology of Birds ........... 60 0 0 
Trish. Tunicata. ....sensseane Ponce Ue ap) 
Manure Experiments ......... 20 0 0 
British Medusidae ............00« 5 0 O 
Dredging Committee ......... By 10! 50 
Steam-vessels’ Performance... 5 0 O 

Marine Fauna of South and 
West of Ireland..........0.... 10 0 0 
| Photographic Chemistry ...... 10 0 0 
Lanarkshire Fossils ............ 20 0 1 
Balloon Ascents......... Sacer 39 11 0 
£684 11 1 

1860. 

Maintaining the Establish- 

ment at Kew Observatory 500 0 0 
Dredging near Belfast......... 16 6 0 
Dredging in Dublin Bay...... 146 0 0 
Inquiry into the Performance 

of Steam-vessels .......0.... 124 0 0 
Explorations in the Yellow 

Sandstone of Dura Den ... 20 0 O 
Chemico-mechanical Analysis 

of Rocks and Minerals...... 25 0 0 
Researches on the Growth of 

Plants! =; cv.sveas ea menectenere - 10 0.0 

| Researches on the Solubility 

OF BALMS: ....0..-ccnncadenteecen 30 0 0 
Researches on the Constituents 

Of: MANUTES |. asssqnccaactaeene 25 0 0 
Balance of Captive Balloon 

AGCOUDTS ..s.-ennreete Tassb @oaeie Lid) 46 

£766 19 6 
1861. 
Maintaining the Establish- 
| ment at Kew Observatory.. 500 0 0 
Earthquake Experiments...... 25 0 0 
Dredging North and East 
Coasts of Scotland ..... peconmeens See) 
Dredging Committee :— 
1860......£50 0 0 
1861......£22 0.0 far Popes 
Excavations at Dura Den...... 20 0 0 
| Solubility of Salts ............ 20 0 0 
| Steam-vessel Performance ... 150 0 O 
Fossils of Lesmahagow ...... 165 0 O 
Explorations at Uriconium... 20 0 0 
Chemical Alloys .........ses00. 20 0 0 
Classified Index to the Trans- 

ACLIONS,. ss cccsuseeueweeusoaende 100 0 0 
Dredging in the Mersey and 

DGG AG saekeneeecesunsenaeeenen 5 0 0 
Dip Circle ......«ecccesveaeceaees 30 0 0 
Photoheliographic Observa- 

TIONS), 5. ccecescadtacyucaeeete 50 0 0 
Prison Diet. ..0sscsscursssuaeeese 20 0 0 
Gauging of Water..........s:00e 10-040 
Alpine Ascents .........css00e anergy Ol noil@ 
Constituents of Manures...... 25 0 O 

£1111 65 10 


| 


= 


, 


4 
; 


GENERAL STATEMENT. 


1862. 
£ 8. a. 
Maintaining the Establish- 

ment at Kew Observatory 500 0 0 
Patent Laws ...........ssesscsese 21 6 O 
Molluscaof N.-W. of America 10 0 0 
Natural History by Mercantile 

PATE Gacccccecesseucsavcccces 5 0 0| 
Tidal Observations ............ 25 0 0 
Photoheliometer at Kew ...... 40 0 O 
Photographic Pictures of the 

PDE E Retains ashaae oselcisedeecse.cue 150 0 0 
Rocks of Donegal.............66 25 0 0 
Dredging Durham and North- 

umberland Coasts ...........+ 25 0 0 
Connection of Storms ......... 20 0 0 
Dredging North-east Coast 

Of Scotland ..........ssseeees Gund) 16 
Ravages of Teredo ............ a0 
Standards of Electrical Re- 

REMUAMIGE) egaccssasesescseessiecss 50 0 O 
Railway Accidents ..........65 10 0 0 
Balloon Committee ...........- 200 0 0 
Dredging Dublin Bay ........ . 10 0 0 
Dredging the Mersey ......... 5 0 O 
ISON DTCC os. -sersccecencenes 20 0 0 
Gauging of Water............00+ 1210 0 
Steamships’ Performance...... 150 0 O 

.Thermo-electric Currents 5 0 0 
£1293 16 6 
1863. 
Maintaining the Establish- 

ment at Kew Observatory... 600 0 0 
Balloon Committee deficiency 70 0 0 
Balloon Ascents (other ex- 

PRGUSES) Ccecersessvesescercoenes 25 0 0 
DIMA Oieaccccscsrecscssectesiess esse 25 0 0 
Gal MOSSIIS «<i iicccccccedsvacs ses 20 0 0 
Herrings...... Schtompoenbonadonee vn 20 0 0 
Granites of Donegal............ 5 0 0 
MarIsOn! Dieti es .icc.sedeccdescseeee 20 0 0 
Vertical Atmospheric Move- 

TEA BLU" CodiceiongeseareLosrdcuaogsee 13 0 0 
Dredging Shetland ............ 50 0 0 
Dredging North-east Coast of 

BGOUIANG tnvas.apccsectsasectace 25 0 0 
Dredging Northumberland 

BOG DITA: oc. .vecec ees soe 17 3104} 
Dredging Committee superin- 

PETOLETIC® Fe litrcccescacsccvascere 10 0 0 
Steamship Performance ...... 100 0 O 
Balloon Committee ............ 200 0 0 
Carbon under pressure ......... 10 0 0 
Volcanic Temperature ......... 100 0 O 
Bromide of Ammonium ...... 8 0 0 
Electrical Standards............ 100 0 0 
Electrical Construction and 

Distribution .............0000. 40 0 0 
Luminous Meteors ............ i (eek 0 a0} 
Kew Additional Buildings for 

Photoheliograph ............ 100 0 0 


| Dredging Channel Islands ... 


Dredging Aberdeenshire 


Zoological Nomenclature...... 5 
Resistance of Floating Bodies 


WDUSWALEL catccsacetscctelcdes sees 100 
Bath Waters Analysis ......... 8 
Luminous Meteors .......0.00- 40 

£1591 


i 


| 


i 


cv 
£ 38. a. 
Thermo-electricity ...scccesee 15 0 0 
Analysis of Rocks .......0.06 8 0 0 
EDV GLO1GA eas cseresmicsseescree snes 10 0 O 
£1608 3 10 
1864, 

Maintaining the Hstablish- 
ment at Kew Observatory.. 600 0 0 
fy @WoaIPHOSSIS |<. ccneses-scnseamdeas 20 0 0 

| Vertical Atmospheric Move- 
TICS clea -cisse ses eetelalechajetieict ts 20 0 0 
| Dredging, Shetland ............ 75 0 0 
Dredging, Northumberland... 25 0 0 
Balloon Committee ............ 200 0 O 
Carbon under pressure ...... 10 0 O 

Standards of Electric Re- 
SISTANCE Waecteereh ss eaenebusseads 100 0 O 
Analysis of Rocks ...........6 10 0 O 
\) Hiyclnoidlay) Wascerssaccsenseniaseoees 10 0 0 
Askham’s Gift ....c..ssesseeeeee 50 0 0 
Nitrite of Amyle ............... 10 0 0 
| Nomenclature Committee ... 5 0 9 
| Rain-gauges .........ssssesssseee 1915 8 
Cast-iron Investigation ...... 20 0 0 

Tidal Observations in the 
FGM ST) eles acisccsacs ones cerns 50 0 O 
Spectrall Rays... .cccccceceseenene 45 0 O 
Luminous Meteors .........+.- 20 0 0 
£1289 15 8 

1865. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 
Balloon Committee ............ 100 0 O 
EV ONO Aweu-secssendseenverssad==(- 13 0 0 
Rain-2auges Soc, cscccccrsecevoane 30 0 0 

Tidal Observations in the 
[aheboel sXe ponenngdobeeenachooecona 6 8 0 
Hexylic Compounds ..,........- P10 OO) 
Amyl Compounds ..........-..+. 20° 100 
ri ShwHOTatasssctsseccstacescaanss 25 0 0 
| American Mollusca ...........+ oo) 10 
Organic ACIAS eiiisscccesesease ss 20 0 0 
| Lingula Flags Excavation ... 10 0 0 
iia PLE GUS ce seep ncesnensiscanes ese 50 0 0 
Electrical Standards............ 100 0 0 
Malta Caves Researches ...... 30 0 +O 
Oyster Breeding iit. .ssccc-s 25 0 0 
Gibraltar Caves Researches... 150 0 O 
Kent’s Hole Excavations...... 100 0 O 
Moon’s Surface Observations 35 0 O 
Marine Hanunayt:stcsssssecesnesess 20° 10" *0 
0 0 
0 0 
0 0 
0 0 
0 10 
0 0 
7 10 


| 
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1866. 


tre 
% 
S 


Maintaining the Establish- 


ment at Kew Observatory.. 600 0 
Lunar Committee............... 64 13 
Balloon Committee ..... “ponsor 50 O 
Metrical Committee............ 50 0 
BTibish ReaaAUl styesssa.<-seecs 50 O 
Kilkenny Coal Fields ......... 16 0 
Alum Bay Fossil Leaf-bed ... 15 0 
Luminous Meteors ............ 50 O 
Lingula Flags Excavation ... 20 0 
Chemical Constitution of 

(Cast ETON ee ateceness eset Ascope aU Gy 
Amyl Compounds .............0+ 25 0 
Electrical Standards............ 100 0 
Malta Caves Exploration ...... 30 (0 
Kent’s Hole Exploration ...... 200 0 
Marine Fauna, &c., Devon 

ana Cornwalliceynr sstere see 25 0 
Dredging Aberdeenshire Coast 25 0 
Dredging Hebrides Coast ... 50 0 
Dredging the Mersey ......... Fea 
Resistance of Floating Bodies 

LMVValer Sesecesnsaesesscecte se 50 0 
Polycyanides of Organic Radi- 

CHISUweceaeatheu se snes) Sanoecdnods 29 0 
Rigor Mortis ......... peeancbeest HO SCG, 
ImisheAnnelida)*s:::252ssses2e20- 15 0 
Catalogue of Crania............ 50 0 
Didine Birds of Mascarene 

HSE Seteterecasescsescitsscsaces 50 O 
Typical Crania Researches ... 30 0 
Palestine Exploration Fund... 100 0 

£1750 13 — 


1867. 
Maintaining the Establish- 


ment at Kew Observatory.. 600 0 0 
Meteorological Instruments, 

PALO STING <. dex scaececssetecareces 50) 10520 
Lunar Committee ............00. 120 0 0 
Metrical Committee ............ 30 0 0 
Kent’s Hole Explorations ... 100 0 0 
Palestine Explorations......... 50 0 0 
Insect Fauna, Palestine ...... 300.00) 
BriGishekaiMtallnseoccecescetese 50 0 O 
Kilkenny Coal Fields ......... 25 0 0 
Alum Bay Fossil Leaf-bed ... 25 0 O 
Luminous Meteors ............ 50 0 O 
Bournemouth, &c., Leaf-beds 30 0 0 
Dredging Shetland ............ (50.0 
Steamship Reports Condensa- 

TOU |. Sisto a cdaaeccaceneeeheseies 100 0 0 
Electrical Standards............ 100 0 0 
Ethyl and Methyl Series...... 25 0 0 
Fossil Crustacea .............+ 26 0 O 
Sound under Water ............ 24 4 0 
North Greenland Fauna ...... 75 0 0 

Do. Plant Beds 100 0 O 
Iron and Steel Manufacture... 25 0 O 
Patent Laws .....e.0.. ieereeere tO. OsaO 

£1739 4 0 


| 
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1868, 


Maintaining the Establish- 
| ment at Kew Observatory.. 600 


Lunar Committee ....... epeeee 120 
| Metrical Committee............ 50 
| Zoological Record............. .- 100 
Kent’s Hole Explorations ,.. 150 
| Steamship Performances.. ... 100 
| British Raintall 2.0. .-.-sscpass eNO 
Luminous Meteors............45 . 50 
Organic ACIS ..0...tcsenss Shas 
| Fossil Crustacea..........++. Spacer s5 
Methyl Series......... eased sce 25 
Mercury and Bile ............... 25 
Organic Remains in Lime. 
Stone, ROCKS  <....50s0se. ps 215 
Scottish Earthquakes ...... Pre es) 
Fauna, Devon and Cornwall.. 30 
British Fossil Corals ....... Bis. 
Bagshot Leaf-beds .......-.... 50 
Greenland Explorations ...... 100 
Mossi Wlora ye. 1ssssncseeecsep anes 25 
Tidal Observations ........... . 100 


Underground Temperature.., 50 
| Spectroscopic Investigations 
of Animal Substances ...... 5 


Secondary Reptiles, &c. ...... 30 
British Marine Invertebrate 
WANING i tevecck wesseeseneecees 100 
£1940 
1869. 


| Maintaining the Establish- 
/ ment at Kew Observatory.. 600 
Lunar Committee ............... 50 


Metrical Committee ............ 25 

Zoological Record .........-..+0. 100 
Committee on Gases in Deep- 

well Water .......... SecesscheenMmeet 

| British Rainfall vos. sadeen si « 50 
Thermal Conductivity of Iron, 

WECh 2 faphersseincascerecssaasmaae «- $30 
Kent’s Hole Explorations. em ABO 
Steamship Performances ...... 30 

| Chemical Constitution of 

Cast Irons csassesceas-ssaaen =) Be 

_ Iron and Steel Manufacture 100 
MethyliSentest.cexes<s-esssence 30 
Organic Remains in Lime- 

| ‘syStone,Rocks...:..::..saccrseuers 10 

| Earthquakes in Scotland...... 10 
British Fossil Corals ......... 50 
Bagshot Leaf-beds ........... 30 

| Fossil Wlora \... :.ssc:ubaatiee - 25 

| Tidal Observations ........ «sos LOO 
Underground Temperature... 30 
Spectroscopic Investigations 

of Animal Substances ...... 5 

Organic, Acids” ...,..0+-seseyn ite 


Kiltorcan Fossils ,.......c00006. 20 


“se 
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GENERAL STATEMENT. 


coloooo 


£ 8. d. | 
Chemical Constitution and 

Physiological Action Rela- 

MISS te cs crcvacceesesusaes 15 0 
Mountain Limestone Fossils 25 0 
Utilisation of Sewage ......... 10 0 
Products of Digestion ......... 10 0 

£1622 0 
1870. 


Maintaining the Establish- 


ment at Kew Observatory 600 
Metrical Committee............ 25 
Zoological Record.............4 100 
Committee on Marine Fauna 20 
Hars in Fishes ...............006 10 
Chemical Nature of Cast 

GAAS es ces ecek scesisne sb esse vaiee 80 
Luminous Meteors ............ 30 
Heat in the Blood............... Lb 
British Rainfall).........sccccess 100 
Thermal Conductivity of 

ERTESIOS CN ReEs 5 ci biciscclvelscwennade 20 
British Fossil Corals............ 50 
Kent’s Hole Explorations 150 
Scottish Earthquakes ......... 4 
Bagshot Leaf-beds ............ 15 
IMPIEINHNOYG socccdssccccseccasces 25 
Tidal Observations ............ 100 
Underground Temperature... 50 
Kiltorcan Quarries Fossils ... 20 
Mountain Limestone Fossils 25 
Utilisation of Sewage ......... 50 
Organic Chemical Compounds 30 
Onny River Sediment ......... 3 
Mechanioal Equivalent of 

SEM Lined: cati est ececssrstvocacs as 50 


£1572 


0 
0 
0 
0 


0) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1871. 


Maintaining the Establish- 
ment at Kew Observatory 600 
Monthly Reports of Progress 


IM) Chemistry teeciise.c scenes 100 
Metrical Committee............ 25 
Zoological Record.............4 100 
Thermal Equivalents of the 

Oxides of Chlorine ......... 10 
Tidal Observations ............ 100 
Fossil Flora ........cccccesseeeee 25 
Luminous Meteors ............ 30 
British Fossil Corals ......... 26 
Heat in the Blood............... if 
British Rainfall.................. 50 
Kent’s Hole Explorations ... 150 
Fossil Crustacea ....eccecsesees 25 
Methyl Compounds ............ 25 
Lunar Objects ......... Sneeseann 20) 


oooocowooooo coc oOo 


ocooooosocococo ooo Oo 
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£ 
Fossil Coral Sections, for 

Photographing .....seesseseee 20 
Bagshot Leaf-beds ........... 20 
Moab Explorations ............ 100 
Gaussian Constants .........++- 40 

£1472 
1872. 
Maintaining the Establish- 

ment at Kew Observatory 300 
Metrical Committee............ 75 
Zoological Record............++. 100 
Tidal Committee ...........-005 200 
Carboniferous Corals ......... 25 
Organic Chemical Compounds 25 
Exploration of Moab............ 100 
Terato-embryological Inqui- 

IGSR Mh decewadednadsaddtesetavects 10 
Kent’s Cavern Exploration... 100 
Luminous Meteors ............ 20 
Heat in the Blood............... 15 
Fossil Crustacea ..........-.06 25 
Fossil Elephants of Malta... 25 
Tuna OBJEC! -svcsescs ceases cau 20 
Inverse Wave-lengths ......... 20 
British Rainfall.......... pager 100 
Poisonous Substances Anta- 

PP OMISIA nr seeemaneeeseearoneceeeese 10 
Essential Oils, Chemical Con- 

SUG LLONS GC: eaveee cede etees ee . 40 

| Mathematical Tables ......... 50 

Thermal Conductivity of Me- 
fc LS pres aeectetnccascceeehee cone ats 25 
£1285 

1873. 

Zoological Record............00 100 
Chemistry Record..,........200 200 
Tidal Committee ............00+ 400 
Sewage Committee ............ 100 
Kent’s Cavern Exploration... 150 
_ Carboniferous Corals ......... 25 
Fossil Elephants ............... 25 
Wave-lengths ...........0cs008- 150 
British Rainfall..............2606 100 
Essential Oils............sseeeeees 30 
Mathematical Tables ......... 100 
Gaussian Constants ..........0 10 
Sub-Wealden Explorations... 25 
Underground Temperature... 150 
Settle Cave Exploration ...... 50 
Fossil Flora, Ireland............ 20 

Timber Denudation and Rain- 

TOM deh Psaess cscs sessepencnteeee 20 
Luminous Meteors............0++ 30 

£1685 
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oloo osoooceceoceocececoe 


cvill 
1874. 
£ 
Zoological Record.......0+0.6... 100 
Chemistry Record..........s000 100 
Mathematical Tables ......... 100 
Elliptic Functions............066 100 
Lightning Conductors ......... 10 
Thermal Conductivity of 
ROCKS wemesaevecaccsscessceenesa's 10 
Anthropological Instructions 50 
Kent’s Cavern Exploration... 150 
Luminous Meteors ........... . 30 
Intestinal Secretions ......... 15 
British Rainfall ix sieaceseccens. 100 
MssentialOils....c.cb..jcves neces 10 
Sub-Wealden Explorations... 25 
Settle Cave Exploration ...... 50 
Mauritius Meteorology ...... 100 
Magnetisation of Iron ......... 20 
Marine Organisms..........0+.++ 30 
Fossils, North-West of Scot- 
AMG epee chedcnicanasscwabinrenaas 2 
Physiological Action of Light 20 
Prades UNIONS .........sseceneas 25 


Mountain Limestone-corals 25 
Erratic Blocks 
Dredging, Durham and York- 


Pee e eww weet nw enee 


BAIT CVCOASES! rrecscaxenssoncecos 28 5 
High Temperature of Bodies 30 0 
Siemens’s Pyrometer ......... 3 6 
Labyrinthodonts of Coal- 

MIGASULES, censssenseenressennncin 7 15 

£1151 16 

EE ie 

1876. 

Elliptic Functions .......... - 100 0 0 
Magnetisation of Iron ....... 20. ONO 
British) Haintall oy, cccssdseosss 120 0 0 
Luminous Meteors ............ 30 0 0 
Chemistry Record............... 100 0 O 
Specific Volume of Liquids... 25 0 0 
Estimation of Potash and 

Phosphoric Acid..........004 weet 1040140 
Isometric Cresols ............00. 20 0 0 
Sub-Wealden Explorations... 100 0 0 
Kent’s Cavern Exploration... 100 0 0 
Settle Cave Exploration ...... 50 0 0 
Earthquakes in Scotland...... 15 0 0 
Underground Waters ......... 10 0 0 
Development of Myxinoid 

WHISHOS Pep ccsccensncasccosesnae «o- 20 0 0 
Zoological Record.............65 100 0 O 
Instructions for Travellers... 20 0 0 
Intestinal Secretions ........ - 20 0 0 
Palestine Exploration ......... 100 0 O 

£960 0 0 
_—— ee | 
1876. 
Printing Mathematical Tables 159 4 2 
British) Rainfall) (7... LOO 1OrxO 
Ohrats Maw ite ads con 9 15°°0 
Tide Calculating Machine ... 200 0 0 
Specific Volume of Liquids... 25 0 0 


= 
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£ s. da. 
Tsomeric Cresols .......0.. 10 0 0 
Action of Ethyl Bromobuty- 
rate on Ethyl Sodaceto- 
| BACCtATCT. «ceceriensdce craters seas 56 0 0 
Estimation of Potash and 
Phosphoric Acid............+5+ 13 0 0 
Exploration of Victoria Cave 100 0 0 
Geological Record............ - 100 0 0 
Kent’s Cavern Exploration... 100 0 0 
Thermal Conductivities of 
IRYOTO) Fishel -obactibacananscnne ase: 10 0 0 
Underground Waters ......... 10 0 0 
Earthquakes in Scotland...... 110 0 
Zoological Record.........+++++. 100 0 0 
CIOSEMDIME .ociccesecnveeeeaesmemien a 00 
Physiological Action of 
Sound\...:.ssvspecsepacaeceetee 25 0 0 
Naples Zoological Station ... 75 0 0 
| Intestinal Secretions ......... 15 0 0 
| Physical Characters of Inha- 
| bitants of British Isles...... 1315 0 
Measuring Speed of Ships ... 10 0 0 
Effect of Propeller on turning 
of Steam-vessels .........+.+ 5 0 0 
£1092 4 2 
1877. 
Liquid Carbonic Acid in 
IMAMCLAIS:. orscateseesseractanetes 20 0 0 
Elliptic Functions ........ +. 250 0 0 
Thermal Conductivity of 
ROCKS! s....cctapesozeemmen Bro ecient 
Zoological Record....... ossacee LOD (00 0 
Kent’s Cavern ...... peesaaacgs -- 100 0 O 
Zoologica] Station at Naples 75 0 0 
Luminous Meteors ............ 30 0 0 
Elasticity of Wires ............ 100 0 O 
Dipterocarpee, Report on ... 20 0 0 
Mechanical Equivalent of 
EL GHtieeisarenssoecece Deshi senseaes 35 0 0 
Double Compounds of Cobalt 
arid) Nickel apacteetsseasercces soe 0) 4G 
Underground Temperature... 50 0 O 
Settle Cave Exploration ...... 10 0 0 
Underground Waters in New 
Red Sandstone ............... 10 0 0 
Action of Ethyl Bromobuty- 
rate on Ethyl Sodaceto- 
|) aaceLaten Sie cemeneer. ovenpersceepLO AO KUO 
British Earthworks ........... - 26 0 0 
Atmospheric Electricity in 
INGID Hasse ssasescoters ieee coe 15 0,0 
| Development of Light from 
Coail-pA3\.., .asosanestaseresaeres 220 0 
| Estimation of Potash and 
Phosphoric Acid..........0..-- 118 0 
Geological Record............ «. 100 0 0 
Anthropometric Committee 54.0 0 
Physiological Action of Phos- 
phoricsAcid, &¢:,.....--..sssepe Oe 
£1128 9 7 


GENERAL STATEMENT. 


1878. 
£ 8. d. 
Exploration of Settle Caves 100 0 0 
Geological Record..........0.... 100 0 0 
Investigation of Pulse Pheno- 
mena by means of Siphon 
RECOM CT ocecceccsneecesssssseses 10 0 0 
Zoological Station at Naples 75 0 0 
Investigation of Underground 
MMC US aa dasies ace cfeecneans cele 15 0 0 
Transmission of Electrical 
Impulses through Nerve 
SETUCtUTE.........cccececerereees 30 0 0 
Calculation of Factor Table 
for 4th Million ............... 100 0 0 
Anthropometric Committee... 66 0 0 
Composition and Structure of 
less-known Alkaloids ...... 25 0 0 
Exploration of Kent’s Cavern 50 0 0 
Zoological Record .......-....00. 100 0 O 
Fermanagh Caves Explora- 
UATE e tect Svessnsacnereeucp assess 15 0 0 
Therma] Conductivity of 
LOUIE? | peneonseenbeepeaosea jnteed 416 6 
Luminous Meteors...........++0. 10) 0, <0 
Ancient Earthworks ............ 25 0 0 
£725 16 6 
1879. 
Table at the Zoological 
Station, Naples ............... 7 0 0 
Miocene Flora of the Basalt 
of the North of Ireland 20 0 0 
Illustrations for a Monograph 
on the Mammoth ............ 17 0 0 
Record of Zoological Litera- 
ECE iad-waneaselesqcesscewecccses s 100 0 0 
Composition and Structure of 
less-known Alkaloids ...... 25 0 0 
Exploration of Caves in 
HBOTHEO! ‘sc esaccedvocsUdeseeeste 50 0 0 
Kent’s Cavern Exploration... 100 0 0 
Record of the Progress of 
HEEOLOLY sc teedes scree ccbeddececs 100 0 0 
Fermanagh CavesExploration 5 0 0 
Electrolysis of Metallic Solu- 
tions and Solutions of 
Compound Salts.............. - 25 0 0 
Anthropometric Committee... 50 0 0 
Natural History of Socotra... 100 0 0 
Calculation of Factor Tables 
for 5th and 6th Millions... 150 0 0 
Underground Waters........... - 10 0 0 
Steering of Screw Steamers... 10 0 0 
Improvements in Astrono- 
mical Clocks .............0000+ 30 0 0 
Marine Zoology of South 
IVEVOR s.r. centceiteatee dc ctedees 20 0 0 
Determination of Mechanical 
Equivalent of Heat .i:...... 1215 6 


£ 8. d. 
Specific Inductive Capacity 

of Sprengel Vacuum......... 40 0 0 
Tables of Sun-heat Co- 

GICLONES! cxsaaxtanss dicot coors 380 0 0 
Datum Level of the Ordnance 

DULVEVisatscav<nschenentarreeeeesn 10 0 0 
Tables of Fundamental In- 

variants of Algebraic Forms 36 14 9 
Atmospheric Electricity Ob- 

servations in Madeira ...... 15 0 0 
Instrument for Detecting 

Fire-damp in Mines ......... 22-00 
Instruments for Measuring 

the Speed of Ships ......... Le Tel erS 
Tidal Observations in the 

English Channel ............ 10 0 0 

£1080 11 11 
em see ee ee 
1880. 
New Form of High Insulation 

KEV eae scdascenacnee st arecuite 10 0 0 
Underground Temperature... 10 0 0 
Determination of the Me- 

chanical Equivalent of 

HiGab: Tedeeeses scaeetecee tees chee SieouO 
Elasticity of Wires ............ 50 0 0 
Luminous Meteors ............ 30 0 0 
Lunar Disturbance of Gravity 30 0 0 
Fundamental Invariants ...... 8 5 0 
Laws of Water Friction ...... 20 0 O 
Specific Inductive Capacity 

of Sprengel Vacuum......... 20 0 0 
Completion of Tables of Sun- 

heat Coefficients ............ 50 0 0 
Instrument for Detection of 

Fire-damp in Mines......... 10 0 0 
Inductive Capacity of Crystals 

and Paraffines ............ ine AMT 
Report on Carboniferous 

BolyZoainecusinenwecceeese ew 10 0 0 
Caves of South Ireland ...... 10 0 O 
Viviparous Nature of Ichthyo- 

SAMUS relseeeceneneteateucmuccetes 10 0 0 
Kent’s Cavern Exploration... 50 0 0 
Geological Record............... 100 0 0 
Miocene Flora of the Basalt 

of North Ireland ............ 15 0 0 
Underground Waters of Per- 

mian Formations ............ 56 0 0 
Record of Zoological Litera- 

CUTE ersdsreadee tek casdrevmertecy 100 0 0 
Table at Zoological Station 

at Naples) Wisisace.dassteve 75 0 0 
Investigation of the Geology 

and Zoology of Mexico...... 50 0 0 
Anthropometry .........ssccecees 50 0 O 
Patent Laws ivicsissssecesveees BORO 

£731 7 7 


cx 
1881 
£8. a. 
Lunar Disturbance of Gravity 30 0 0 
Underground Temperature... 20 0 0 
Electrical Standards........ PO Sno, LO 
High Insulation Key........... Waco Ober O 
Tidal Observations .,.......6+6 10 0 0 
Specific Refractions ............ Tagaiell 
Fossil Polyzoa ........ Sconaecbsc 10 0 0 
Underground Waters ......... 10 0 O 
Earthquakes in Japan ......... 25 10. 0 
Tertiary HPlOLa) u..21...-see00ee. 20 0 0 
Scottish Zoological Station... 50 0 0 
Naples Zoological Station 75 0 0 
Natural History of Socotra... 50 0 0 
Anthropological Notes and 
OTEHIGH Ns seasecsunecseeiiecties ayy C0) 
Zoological Record.............+ 100 0 O 
Weights and Heights of 
Human Beings ........0.006- 30 0 0 
£476 3 1 
1882. 
Exploration of Central Africa 100 0 0 
Fundamental Invariants of 
Algebraical Forms ....,.... 165 Ald 
Standards for Electrical 
Measurements ........sseeeee 100 0 0 
Calibration of Mercurial Ther- 
MHOMIEGETS: Poecsrdsrocekedsee ce 20 0 0 
Wave-length Tables of Spec- 
tra of Elements..........0++ 50 0 0 
Photographing Ultra-violet 
Spark Spectra cteeseecesseres 25 0 0 
Geological Record............06 100 0 O 
Earthquake Phenomena of 
Loe al Soeosssoceh anc hers Gne-o 2riiOns 
Conversion of Sedimentary 
Materials into Metamorphic 
IOI “Gransanoeaodpe. een EEA 1Omg0T 0 
Fossil Plants of Halifax ...... 145 0 0 
Geological Map of Europe ... 25 0 0 
Circulation of Underground 
WWigtherctecnspehopesap asap boar cess LoysOF O 
Tertiary Flora of North of 
Urelend sy .acarestwarsacnaw sss anes 20 0 0 
IBTUbISH| POLY ZS, .s0r¢ssses2c2eeers 1070» 0 
Exploration of Caves of South 
Ob Ireland |. vest overseen sce 10 0 0 
Exploration of Raygill Fissure 20 0 0 
Naples Zoological Station ... 80 0 0 
Albuminoid Substances of 
SERUMV Ee. deveossuaaressseeon tteee 10 0 0 
Elimination of Nitrogen by 
Bodily WXeCrCiISC....0..0r2e00 50 0 0 
Migration of Birds ............ 15 0 0 
Natural History of Socotra... 100 0 0 
Natural HistoryofTimor-laut 100 0 0 
Record of Zoological Litera- 
DUCE ene ssavpatentrsessoasas tein 100 0 6 
Anthropometric Committee 50 0 0 
£1126 111 
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1883. 
£ 8 da 
Meteorological Observations 
on Ben Nevis....,.... jpnipsedien - 50 0 0 
Isomeric Naphthalene Deri- 
VAULV ES... <0spineaespicetnataoeete 15 0 0 
Earthquake Phenomena of 
DAPAN, ..\cccssasaseaeserss secede 50 0 0 
Fossil Plants of Halifax...... 20 0 0 
3ritish Fossil Polyzoa ......... 10 0 0 
Fossil Phyllopoda of Palzo- 
ZOIC. ROCKS fasaacanpesceangteed= 25 0 0 
Erosion of Sea-coast of Eng- 
land and Wales ....-.0+-..+0+. 10 0 0 
Circulation of Underground 
Waters: .ccsrsscacctrsteseseesgeen el eto) 
Geological Reoord..........--+.- 50 0 0 
Exploration of Caves in South 
Gt Irland te sereesresnrecseees 10 0 0 
Zoological Literature Record 100 0 0 
Migration of Birds ............ 20 0 0 
Zoological Station at Naples 80 0 0 
Scottish Zoological Station... 25 0 0 
Elimination of Nitrogen by 
Bodily Exercise............. 38 3 3 
Exploration of Mount Kili- 
Tae PING henge mncoenericoncsce 500 0 0 
Investigation of Loughton 
Camp says catensceteepaberheeaese 10 0 0 
Natural History of Timor-laut a 0 0 
Screw Gauges........ssescsesesss 0 0 
a 33 
a 
1884, 
Meteorological Observations 
on Ben Nevisti. ices. thiecmelss 50 
Collecting and Investigating 
Meteoric Dust..........0000 -» 20 
Meteorological Observatory at 
Chepstowitcess.c--sms=s aaeeenes ae 
Tidal Observations............+++ 10 


Ultra Violet Spark Spectra... 8 


Earthquake Phenomena of 
JAPAN) asso. cadsemawacecteme eoeae TB 
Fossil Plants of Halifax “conc 15 
Fossil Polyzoaipesecscsenestsens ret 
Erratic Blocks of England ... 10 


Fossil Phyllopoda of Palzo- 
zoic Rocks 


Waiters . ici .sctatteckindines cndeas 5 


International Geological Map 20 
Bibliography of Groups of 
Invertebrata ......see.ssccvens 50 
Natura] History of Timor-laut 50 
Naples Zoological Station ... 80 
Exploration of Mount Kili- 
ma-njaro, Hast Afrioa ...... 500 
Migration of Birds..............+ 20 
Coagulation of Blood.........-+ 100 


Zoological Literature Record 100 
Anthropometric Committee... 10 
£1173 
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GENERAL STATEMENT, 


1885. 
£ 
Synoptic Chart of Indian 
NIPOADU nccceccssanccsoncecsesss sas 50 
Reduction of Tidal Observa- 
CLO) -ongnesthnoserecceBannaen sec 10 
Calculating Tables in Theory 
EONIIMBEIS see asccocscaseceseses 100 
Meteorological Observations 
on Ben Nevis .......00....ss008 50 
Meteoric Dust ..............0006 70 
Vapour Pressures, &c., of Salt 
PUPIMIDOU Secs caseascsccossctanceon 25 
Physical Constants of Solu- 
USES eete nat rascdscesesscese tea 20 
Volcanic Phenomena of Vesu 
ate nepcvesscvups sae dcsizssias's 25 
Raygill Fissure ...............06. 15 
Earthquake Phenomena of 
SUAEIALIE set sccsecvscccs ccc vas sce 70 
Fossil Phyllopoda of Palaeozoic 
PIECE rc cacdcciansaatcssssiencds 25 
Fossil Plants of British Ter- 
tiary and Secondary Beds... 50 
Geological Record ..............+ 50 
Circulation of Underground 
PROM Sacer access scccusascnss ese 10 
Naples Zoological Station 100 
Zoological Literature Record. 100 
Migration of Birds ............ 30 
Exploration of Mount Kilima- 
ID aai csccssccssesceesssiers 25 
Recent Polyzoa ...........ss0000. 10 
Granton Biological Station ... 100 
Biological Stations on Coasts 
of United Kingdom ......... 150 
Exploration of New Guinea... 200 


Exploration of Mount Roraima 100 
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£1385 0 0 
1886. 

Electrical Standards............ 40 90 
Solar Radiation.................. 9 10 
Tidal Observations ............ 50 0 
Magnetic Observations......... 10 10 
Observations on Ben Nevis... 100 0 
Physical and Chemical Bear- 

ings of Electrolysis ......... 20 0 
Chemical Nomenclature ...... 5 0 
Fossil Plants of British Ter- 

tiary and Secondary Beds... 20 0 
Caves in North Wales ......... 25 0 
Volcanic Phenomena of Vesu- 

TOUTE! oceoeBAaeC Se Scedee Es Hore ee 30 0 
Geological Record............... 100 0 
‘Palzeozoic Phyllopoda ......... 150 
Zoological Literature Record. 100 0 
Granton Biological Station... 75 0 
Naples Zoological Station...... 50 0 
Researches in Food-Fishes and 

Invertebrataat St. Andrews 75 0 


o "coco co: So -CSoO: -oOSca Cc 


cxi 


eee de 
Migration of Birds ............ 30 0 0 
Secretion of Urine.............0. 10 0 O 
fixploration of New Guinea... 150 0 0 
Regulation of Wages under 
Sliding Scales (irs sjes-as.se- 10 0 0 
Prehistoric Race in Greek 
USIANGSE et cccssaesocdteted can 20 0 0 
North-Western Tribes of Ca- 
1 (0 ddeeone doodepcede asco nes 50 0 0 
£995 0 6 
1887. 
Solar Radiation .............0008. 18 10 0 
|) Hlectrolysisvey.cecsscuterscenenes 30 0 0 
Ben Nevis Observatory......... 75 0 0 
Standards of Light (1886 
OLEAN) ocserteccntecscnsetsaaees 20 0 0 
Standards of Light (1887 
PR Til) ene eaaschhec os dpEebedaeed 10 0 0 
Harmonic Analysis of Tidal 
Observations: .....2.0.3e 0.004 15 0 0 
Magnetic Observations......... 26 2 0 
Electrical Standards ............ 50 0 0 
Silent Discharge of Electricity 20 0 0 
Absorption Spectra ............ 40 0 0 
Nature of Solution ............ 20 0 0 
Influence of Silicon on Steel 30 0 0O 
Volcanic Phenomena of Vesu- 
VIUS Siesta ceeesancscpelseocerceets 20 0 0 
Volcanic Phenomena of Japan 
(1886 eran) seyieeie ccs. ate 50 0 0 
Volcanic Phenomena of Japan 
(USSerant) Oe een 50 0 0 
Cae Gwyn Cave, N. Wales ... 20 0 0 
Erratic Blocks .............s.05 10 0 0 
Fossil Phyllopoda ............... 20 0 0 
Coal Plants of Halifax......... 25 0 0 
Microscopic Structure of the 
Rocks of Anglesey............ 10 0 0 
Exploration of the Eocene 
Beds of the Isleof Wight... 20 0 0 
Underground Weaters:-scrsicies 5 0 0 
‘Manure’ Gravelsof Wexford 10 0 0 
Provincial Museums Reports 5 0 0 
Lymphatic System ............ 25 0 0 
Naples Biological Station 100 0 0 
Plymouth Biological Station 50 0 0 
Granton Biological Station... 75 0 0 
Zoological Record .............. > 100 0 0 
HlorayorC hina; ..ercvcvecereveate 7% 0 0 
Flora and Fauna of the 
(GEninenelaiNS Geeresensecerpncharee 75 0 0 
Migration of Birds ............ 30 0 0 
Bathy-hypsographical Map of 
British Isles. ........4......... ic 6) 0 
Regulation of Wages ......... LOO 50 
Prehistoric Race of Greek 
Tslands, ccucmeateeeec come 20 0 O 
Racial Photographs, Egyptian 20 0 0 
£1186 18 0 
eer ee 
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CxXil 
1888 

£ 
Ben Nevis Observatory......... 150 
Electrical Standards............ 2 
Magnetic Observations......... 15 
Standards of Light ............ 79 
Electrolysis ......cseeeeeseeeeeee 30 
Uniform Nomenclature in 

Mechanics .......ceeseseeeeeeee 10 
Silent Discharge of Elec- 

LTICIEY voc. ceeseccecncsseeencnsese 9 
Properties of Solutions ...... 25 
Influence of Silicon on Steel 20 
Methods of Teaching Chemis- 

LEY seecseeeceereesceccsoeceeseees 10 
Isomeric Naphthalene Deriva- 

TLV ESicc secre crevansveriesiicccscacele 25 
Action of Light on Hydracids 20 
Sea Beach near Bridlington... 20 
Geological Record ........-6+60 50 
Manure Gravels of Wexford... 10 
Erosion of Sea Coasts .......4. 10 
Underground Waters ......... 5 
Palzontographical Society ... 50 
Pliocene Fauna of St. Erth.., 50 
Carboniferous Flora of Lan- 

cashire and West Yorkshire 25 
Volcanic Phenomena of Vesu- 

WUE) qj ageBecouLnapposad-saeoeeodsn 20 
Zoology and Botany of West 

TMS) ......0.ccccrecreeeersnrene 100 
Flora of Bahamas....... eatitces 100 
Development of Fishes—st. 

JATICME WS eeisebidts venie ss elshiesas ses 50 
Marine Laboratory, Plymouth 100 
Migration of Birds .......... 30 
Hlora of China ......:. ..csssse 75 
Naples Zoological Station ... 100 
Lymphatic System ............ 25 
Biological Station at Granton 50 
Peradeniya Botanical Station 50 
Development of Teleostei 15 
Depth of Frozen Soil in Polar 

REGIONS ....scnceesceacen econ 5 
Precious Metals in Circulation 20 
Value of Monetary Standard 10 
Effect of Occupations on Phy- 

sical Development............ 25 
North-Western ‘Tribes of 

@anadal js.deecetadiee terest 100 
Prehistoric Race in Greek 

TESTE 06 |S yn 35on jasoqaanopenbesanns 20 

£1511 
1889. 

Ben Nevis Observatory......... 50 
Electrical Standards............ 75 
BLeCbTOMVSIS 5 msemaseire ome acncls 20 
Surface Water Temperattire... 30 

Silent Discharge of Electricity 
On OXYGEN wwcisstsiiriia 6 
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£ 3. d. 
Methods of teaching Chemis- 

DEY fadaces cmt nceemende ance tenner 10 0 0 
Action of Light on Hydracids 10 0 0 
Geological Record.........se000» 80 0 0 
Volcanic Phenomena of Japan 25 O O 
Volcanic Phenomena of Vesu- 

“VIUS! ¢< «0: sapnassaneaeneeen see eae 20 0 O 
Palwozoic Phyllopoda ......... 20 0 0 
Higher Eocene Beds of Isle of 

Wapiti rccceeeskyessseee = teeeenee 15 0 0 
West Indian Explorations ... 100 0 O 
Flora of China .........scesesees 25 0 0 
Naples Zoological Station ... 100 0 0 
Physiology of Lymphatic 

System! -.c@.ncssersccmenmesemee 25 0 0 
Experiments with a Tow-net 516 3 
Natural History of Friendly 

TST An GS2 0s sieenee cewsdecte eset 100 0 0 
Geology and Geography of 

Atlas (Range sco... scemnpeeers 100 0 0 
Action of Waves and Currents 

in, HIShUaTIES) crissseecssescueee 100 0 0 
North-Western ‘Tribes of 

Cantadar pcecscadeateomeeerrenes 150 0 O 
Nomad Tribes of Asia Minor 380 0 0 
Corresponding Societies ...... 20 0 0 

| Marine Biological Association 200 0 0 
‘Baths Committee,’ Bath.. ... 100 0 0 
£1417 011 
1890. 

Electrical Standards............ 1217 0 
WleCtrolysis P.-wncscsecessnatranes 5 0 0 
Hlectro-optics..........s0esseceees 50 0 0 
Mathematical Tables ......... 25 0 0 

| Voleanic and Seismological 

Phenomena of Japan ...... 75 0 0 
Pellian Equation Tables ...... 15 0 0 
Properties of Solutions ...... 10 0 O 
International Standard forthe 

Analysis of Iron and Steel 10 0 O 
Influence of the Silent Dis- 

charge of Electricity on 

OXYGEN 5 ...sskissehsneete sees 5 0 0 
Methods ofteachingChemistry 10 0 9 
Recording Results of Water 

AnallySiS .sss.crsseycesssenapeete 410 
Oxidation of Hydracids in : 

Sunlight <r eteaetcesa ta secneeee 15 0 0 
Volcanic Phenomena of Vesu- 

VIS ivcispmamiinatp fees nee ee 20 0 0 
Paleozoic Phyllopoda ......... 10 0 0 
Circulation of Underground 

WiAters. <o.cn.cekusceeteneeneeeee 5 0 0 
Excavations at Oldbury Hill 15 O O 
Cretaceous Polyzoa ..........6+ 10 0 O 
Geological Photographs ...... 7 1411 
Lias Beds of Northampton... 25 0O 0 
Botanical Station at Perade- : 

THYAcsscstevascuassdccdiventan ste ae ma 


£ 38. d. 
Experiments with a Tow- 

PDE a Eeti cee ssc .cs-ocssecluonsoncus 4,-3.9 
Naples Zoological Station ... 100 0 0 
Zoology and Botany of the 

West India Islands ......... 100 0 O 
Marine Biological Association 30 0 0 
Action of Waves and Currents 

in HstuarieS .........cceseeeee 150 0 0 
Graphic Methods in Mechani- 

CAISCIENICC safes sess eavenadie cnc 11 0 O 
Anthropometric Calculations 5 0 0 
Nomad Tribes of Asia Minor 25 0 0 
Corresponding Societies ...... 20 0 0 

£799 16 8 
1891. 
Ben Nevis Observatory......... Bur 0 0 
Electrical Standards............ 100 0 O 
MOIEGEELOIYSISS. vcs cacsegsesesssessves 5 0 0 
Seismological Phenomena of 

MPA Meee rep sccesscsscescerarerae 10 0 0 
Temperatures of Lakes......... 20 0 0 
Photographs of Meteorological 

Phenomena.........:ssseeeeeee 5 0 0 
Discharge of Electricity from 

UGS eer sscidasdecceaseracssess se 10 0 0 
Ultra Violet Rays of Solar 

BPECHUM eco: .ccecossssesess 50 0 0 
International Standard for 

Analysis of Iron and Steel... 10 0 0 
Isomeric Naphthalene Deriva- 

BUNCHES steer Casssnassescersetesas 25 0 0 
Formation of Haloids ......... 25 0 0 
Action of Light on Dyes ...... 1710 0 
Geological Record............... 100 0 0 
Volcanic Phenomena of Vesu- 

dtGMenaccrcesvossessnessessccccwss 10 0 0 
Fossil Phyllopoda 10 0 0 
Photographs of Geological 

BEECRESE codecs dresnascedeccwe ves 9 5 0 
Lias of Northamptonshire ... 25 0 0 
Registration of ‘Type-Speci- 

mens of British Fossils...... 5 5 0 
Investigation of ElboltonCave 25 0 0 
Botanical Station at Pera- 

BLY e eter vikcececcasccsresness 50 0 0 
Experiments with a Tow-net 40 0 0 
Marine Biological Association 1210 0 
Disappearance of Native 

MEARE Navas ospaensesses issn see 5 0 0 
Action of Waves and Currents 

in Estuaries ...........scce00s 125 0 0 
Anthropometric Calculations 10 0 0 
New Edition of ‘ Anthropo- 

logical Notes and Queries’ 50 0 O 
North - Western Tribes of 

UNAS! ic cseridvesederscveestses 200 0 0 
Corresponding Societies ...... 25 0 0 

£1,029 i0 0 
1902, 


GENERAL STATEMENT, 


CXili 


1892, 
ciate a 
Observations on Ben Nevis... 50 0 O 
Photographs of Meteorological 

IPREMOMENA lecnascanaesddesene 15 0 90 
Pellian Equation Tables ...... 10 0 0 
Discharge of Electricity from 

POU ta ete ceccsee de aaa eeseeas ce 50 0 O 
Seismological Phenomena of 

MAPA gs yaniv tivonsmesesss 10 0 Q 
Formation of Haloids ......... 12 0 0 
Properties of Solutions ...... 10 0 0 
Action of Light on Dyed 

COLOUNE tress cacmcneesarer sete 10 0 0 
Hrratic BIOCKS “cc. ..ssseseores se) 145 0 O 
Photographs of Geological 

WatGreSberccscccehaseunsdccees cars 20 0 0 
Underground Waters ......... 10 0 0 
Investigation of Elbolton 

WAVER conic wscscwecceccecesce 25 0 0 
Excavations at Oldbury Hill 10 0 0 
Cretaceous Polyzoa ..........05 10 0 0 
Naples Zoological Station ... 100 0 0 
Marine Biological Association 1710 0 
Deep-sea Tow-net ............006 40 0 O 
Fauna of Sandwich Islands... 100 0 0 
Zoology and Botany of West 

India Islands ..............0008 100 0 0 
Climatology and Hydrography 

of Tropical Africa........... 50 0 0 
Anthropometric Laboratory... 5 0 0 
Anthropological Notes and 

QReries: iycteveeces eee 20 0 0 
Prehistoric Remains in Ma- 

sHonaland)’... ..sssccssecens cave, 50 0 0 
North-Western Tribes of 

Canada Wosistseciccacacesh ee 100 0 0 
Corresponding Societies ...... 25 0 0 

£864 10 O 
peur 
1893. 

Electrical Standards........,... 25 0 0 
Observations on Ben Nevis... 150 0 0 
Mathematical Tables ......... 145 0 0 
Intensity of Solar Radiation 2 8 6 

Magnetic Work at the Tal- 

mouth Observatory ......... 25 0 0 
Isomeric Naphthalene Deri- 

WRIGLEY ES) Wasancsecsiaane veleaaeuete 20 0 06 
Erratic Blocks .............0.c06 10 6 0 
Fossil Phyllopoda............... 5 0 0 
Underground Waters ......... 5 0 0 
Shell-bearing Deposits at 

Clava, Chapelhall, &c. ...... 20 0 O 
Eurypterids of the Pentland 

USI rss ce caseeaeworns Heeeee sae 10 0 0 
Naples Zoological Station ... 100 0 0 
Marine Biological Association 30 0 0 
Fauna of Sandwich Islands 100 0 0 
Zoology and Botany of West 

India Islands......... seve. 50 0 0 
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£8. 
Exploration of Irish Sea ...... 30 0 
Physiological Action of 

Oxygen in Asphyxia......... 20 0 
Index of Genera and Species 

Of Animals .....c.scererersoeees 20 0 
Exploration of Karakoram 

Mountains .......-2eeeeeeeeeeee 50 O 
Scottish Place-names ......... t 30 
Climatology and Hydro- 

graphy of Tropical Africa 50 0 
Economic Training .........-.+ ads 
Anthropometric Laboratory 5 0 
Exploration in Abyssinia...... 2b. 10 
North-Western ‘Tribes of 

Gamagaaeerctss cc scncnaebeoe-ms 100 0 
Corresponding Societies ...... 30 0 

£907 15 
1894, 
Electrical Standards............ 25 0 
Photographs of Meteorological 

PHENOMENA....0e.eeeeeseeseeeee 10 0 
Tables of Mathematical Func- 

HIONIS lovsbeatsesnsebodessnccsere 15 0 
Intensity of Solar Radiation 5 5 
Wave-length Tables ............ 10 0 
Action of Light upon Dyed 

COLOUTS .asssecsceeeeseeeeecener 5 0 
Erratic Blocks ......sesssseeeees 15 0 
Fossil Phyllopoda .......-....+++ 5 0 
Shell-bearing Deposits at 

Cla Va, KC. ..ccccceresreeceesees 20 0 
Eurypterids of the Pentland 

IRIS TAG. eiscnisoacansasnaassisiens 5 0 
New Sections of Stonesfield 

SIBEC Ganeuscsncerarsccsssnoseess 14 0 
Observations on LEarth-tre- 

MOUS Mes seeshole@useseecse=ex-0e 50 0 
Exploration of Calf- Hole 

CANE tie ches cacetwegasnepeswie ss D0 
Naples Zoological Station ... 100 0 
Marine Biological Association 5 0 
Zoology of the Sandwich 

TSIBNdS sec. asocesesroscne.-us 100 0 
Zoology of the Irish Sea ...... 40 0 
Structure and Function of the 

Mammalian Heart............ 10 0 
Exploration in Abyssinia 30 0 
Economic Training ............ 9 10 
Anthropometric Laboratory 

Gtatistics......cccsscsseccsvaes be tO 
Ethnographical Survey ...... 10 0 
The Lake Village at Glaston- 

DULY s.02...0sceensenbarsereeenses 40 0 
Anthropometrical Measure- 

ments in Schools ............ 5 0 
Mental and Physical Condi- 

tion of Children.............5. 20 .0 
Corresponding Societies ...... 25 0 

£583 15 
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1895, 
£ 
Electrical Standards............ 25 
Photographs of Meteorological 
PHENOMENE s euscssccuccceuenes 10 
Harth Tremors! seccsscsseecseee 75 


| Abstracts of Physical Papers 100 


Reduction of Magnetic Obser- 
vations made at Falmouth 


Obseryatory nc: cnceesee cere 50 
| Comparison of Magnetic Stan- 
GavdS Dcnccsvsusegsseuesategeeees 25 
| Meteorological Observations 
on Ben" NeviS“scccscsccsesester 50 
Wave-length Tables of the 
Spectra of the Elements... 10 
Action of Light upon Dyed 
@OlOURS Fe orescence sncedenceneeaee 4 
Formation of Haloids from 
Pure Materials ...,,,... mer Lb 
| Isomeric Naphthalene Deri- 
VAbIVES........00008 Satidacanscotce 30 
Electrolytic Quantitative An- 
BINSISUR + -cesscancseseesah- crane 30 
| HirraticBBlOcke tyr c.snepWeatuens 10 
Paleozoic Phyllopoda ......... 5 
Photographs of Geological In- 
DELS: ~.ocncpacbuniehtteasca ees 10 
| Shell-bearing Deposits at 
Clava, ScC.pauste dans RA ae 10 
Eurypterids of the Pentland 
|) HANS soos scptee a's duansbrighepuee sg 3 
| New Sections of Stonesfield 
Slate: <.: cs pahiaaespaacb sean 50 
Exploration of Calf Hole Cave 10 
Nature and Probable Age of 
High-level Flint-drifts ...... 10 
Table atthe Zoological Station 
at Naples ciseneqscanansasscans 100 
Table at the Biological Labo- 
ratory, Plymouth ............ 15 
Zoology, Botany, and Geology 
of the Irish Sea............ eee iD 
Zoology and Botany of the 
West India Islands ......... 50 
| Index of Genera and Species 
O£ Animals |. cpensececsmvecssose 50 


Climatology of Tropical Africa 5 
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Exploration of Hadramut 50 
| Calibration and Comparison of 
Measuring Instruments 25 
Anthropometric Measure- 
ments in Schools .........+ 5 
Lake Village at Glastonbury 30 
Exploration of a Kitchen- 
midden at Hastings ......... 10 
| Ethnographical Survey ...... 10 
Physiological Applications of 
the Phonograph........+.+2++ 25 
Corresponding Societies ...... 30 
£977 15 
ooo 


aloo p92 coo o coc oF ODO SB oO eofF fe Se oo. oOo s> = 


a 


GENERAL STATEMENT. 


1896. 
£8 
Photographs of Meteorologi- 

cal Phenomena. ............0+ 15 0 
Seismological Observations... 80 0 
Abstracts of Physical Papers 100 0 
Calculation of certain Inte- 

PTAIS:....crdebsoscscaeneroecceeses 10 0 
Uniformity of Size of Pages of 

Transactions, &C. .........00+ 5 0 
Wave-length Tables of the 

Spectra of the Elements... 10 0 
Action of Light upon Dyed 

WOLOUIA) (esectaeats<seeaneeoaeen 2 6 
Electrolytic Quantitative Ana- 

YES cava soles 0a cdboeaapar dee ases 10 0 
The Carbohydrates of Barley 

PIUEANVE Relea sisssinaosencet se senass 50 0 
Reprinting Discussion on the 

Relation of Agriculture to 

SGICNCE ......cccccssecesvecewass 5 0 
Erratic Blocks ....1....seeeseeee 10 0 
Paleozoic Phyllopoda ......... 5 0 
Shell-bearing Deposits at 

be vety ACC oon <x anc asians xeinlacle cas 10 0 
Eurypterids of the Pentland 

PRU Piereeaenaccacdsacsadaiacnasscne 2.0 
Investigation of a Coral Reef 

by Boring and Sounding... 10 0 
Examination of Locality where 

the Cetiosaurus in the Ox- 

ford Museum was found... 25 0 
Paleolithic Depositsat Hoxne 25 0 
Fauna of Singapore Caves ... 40 0 
Age and Relation of Rocks 

near Moreseat, Aberdeen 10 0 
Table at the Zoological Sta- 

tion at Naples ............00. 100 0 
Table at the Biological Labo- 

ratory, Plymouth ............ 15 0 
Zoology, Botany, and Geology 

of the Irish Sea ..........esee 50 0 
Zoology of the Sandwich Is- 

PAG ips swam satesasdébenes sawed 100 0 
African Lake Fauna............ 100 0O 
Oysters under Normal and 

Abnormal Environment ... 40 0 
Climatology of TropicalAfrica 10 0 
Calibration and Comparison of 

Measuring Instruments...... 20 0 
Small Screw Gauge ..........++ 10 0 
North-Western Tribes of 

MP bercdccdencccscscaacss con 100 0 
Lake Village at Glastonbury. 30 0 
Ethnographical Survey......... 40 0 
Mental and Physical Condi- 

tion of Children............... 10 0 
Physiological Applications of 

the Phonograph............40- 25 0 
Corresponding Societies Com- 

MULE caevcerceees ese Gaqecadwese 30 0 ¢ 
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1897. 
£ Ss. d. 
Mathematical Tables ......... 2b .0) 0 
Seismological Observations... 100 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of certain In- 
Pegrals..icsoccececceonseseseecers 10, 05 50 
Electrolysis and  Electro- 
GHEMUISEY 6.5 ...eeccsnneecvenss 50 OF (0 
Electrolytic Quantitative Ana- 
Uy SiSt press asesecevesaneevavaudecss 10 0 0 
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General Meetings. 


On Wednesday, September 10, at 8.30 p.m., in the Grosvenor Hall, 
Belfast, Principal Sir A. W. Ricker, M.A., D.Sc., F.R.S., resigned the 
office of President to Professor James Dewar, M.A., LL.D., D.Sc., F.R.S., 
who took the Chair, and delivered an Address, for which see page 3. 

On Thursday, September 11, at 8 p.m., a Soirée took place in the 
Exhibition Hall. 

On Friday, September 12, at 8.30 p.m., in the Grosvenor Hall, Pro- 
fessor J. J. Thomson, F.R.S., delivered a Discourse on ‘ Becquerel Rays 
and Radio-activity.’ 

On Monday, September 15, at 8.30 p.m., in the Grosvenor Hall, 
Professor W. F. R. Weldon, F.R.S., delivered a Discourse on ‘In- 
heritance.’ 

On Tuesday, September 16, at 8 p.m, a Soirée took place at the 
Harbour Office. 

On Wednesday, September 17, at 2.30 p.m., in Queen’s College, the con- 
cluding General Meeting took place, when the Proceedings of the General 
Committee and the Grants of Money for Scientific Purposes were explained 
to the Members. 

The Meeting was then adjourned to Southport. [The Meeting is 
appointed to commence on Wednesday, September 9, 1903.] 
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ADDRESS 


BY 


Proresson JAMES DEWAR, M.A., LL.D., D.Sc., FBS. 
PRESIDENT. 


THE members of an Association whose studies involve perpetual con- 
templation of settled law and ordered evolution, whose objects are to 
seek patiently for the truth of things and to extend the dominion of man 
over the forces of nature, are even more deeply pledged than other men 
to loyalty to the Crown and the Constitution which procure for them the 
essential conditions of calm security and social stability. Iam confident 
that I express the sentiments of all now before me when I say that to 
our loyal respect for his high office we add a warmer feeling of loyalty and 
attachment to the person of our Gracious Sovereign. It is the peculiar 
felicity of the British Association that, since its foundation seventy-one 
years ago, it has always been easy and natural to cherish both these senti- 
ments, which indeed can never be dissociated without peril. At this, our 
second meeting held under the present reign, these sentiments are realised 
all the more vividly, because, in common with the whole empire, we have 
recently passed through a period of acute apprehension, followed by the 
uplifting of a national deliverance. The splendid and imposing coronation 
ceremony which took place just a month ago was rendered doubly 
impressive both for the King and his people by the universal conscious- 
ness that it was also a service of thanksgiving for escape from imminent 
peril. In offering to His Majesty our most hearty congratulations upon 
his singularly rapid recovery from a dangerous illness, we rejoice to think 
that the nation has received gratifying evidence of the vigour of his 
constitution, and may, with confidence more assured than before, pray 
that he may have length of happy and prosperous days. No one in his 
wide dominions is more competent than the King to realise how much he 
owes, not only to the skill of his surgeons, but also to the equipment 
which has been placed in their hands as the combined result of scientific 
investigation in many and diverse directions. He has already displayed 
a profound and sagacious interest in the discovery of methods for dealing 
with some of the most intractable maladies that still baffle scientific 
penetration ; nor can we doubt that this interest extends to other forms 
of scientific investigation, more directly connected with the amelioration 
B2 
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of the lot of the healthy than with the relief of the sick. Heredity 
imposes obligations and also confers aptitude for their discharge. If 
His Majesty’s royal mother throughout her long and beneficent reign 
set him a splendid example of devotion to the burdensome labours of 
State which must necessarily absorb the chief part of his energies, 
his father no less clearly indicated the great part he may play in 
the encouragement of science. Intelligent appreciation of scientific 
work and needs is not less but more necessary in the highest quarters 
to-day than it was forty-three years ago, when His Royal Highness 
the Prince Consort brought the matter before this Association in 
the following memorable passage in his Presidential Address: ‘We 
may be justified, however, in hoping that by the gradual diffusion of 
science and its increasing recognition as a principal part of our national 
education, the public in general, no less than the legislature and the 
State, will more and more recognise the claims of science to their atten- 
tion ; so that it may no longer require the begging box, but speak to the 
State like a favoured child to its parent, sure of his paternal solicitude 
for its welfare ; that the State will recognise in science one of its 
elements of strength and prosperity, to protect which the clearest dictates 
of self-interest demand.’ Had this advice been seriously taken to heart 
and acted upon by the rulers of the nation at the time, what splendid 
results would have accrued to this country! We should not now be 
painfully groping in the dark after a system of national education. We 
should not be wasting money, and time more valuable than money, in 
building imitations of foreign educational superstructures before having 
put in solid foundations. We should not be hurriedly and distractedly 
casting about for a system of tactics after confrontation with the dis- 
ciplined and co-ordinated forces of industry and science led and directed 
by the rulers of powerful States. Forty-three years ago we should have 
started fair had the Prince Consort’s views prevailed. As it is, we have 
lost ground which it will tax even this nation’s splendid reserves of 
individual initiative to recover. Although in this country the king 
rules, but does not govern, the Constitution and the structure of English 
society assure to him a very potent and far-reaching influence upon 
those who do govern. It is hardly possible to overrate the benefits that 
may accrue from his intelligent and continuous interest in the great 
problem of transforming his people into a scientifically educated nation. 
From this point of view we may congratulate ourselves that the heir to 
the Crown, following his family traditions, has already deduced from his 
own observations in different parts of the empire some very sound and 
valuable conclusions as to the national needs at the present day. 


Griffith—Gilbert— Cornu—Abel. 


The saddest yet the most sacred duty falling to us on such an occasion 
as the present is to pay our tribute to the memory of old comrades and 
fellow-workers whom we shall meet no more. We miss to-day a figure 
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that has been familiar, conspicuous, and always congenial at the meetings 
of the British Association during the last forty years. Throughout the 
greater part of that period Mr. George Griffith discharged the onerous 
and often delicate duties of the assistant general secretary, not only with 
conscientious thoroughness and great ability, but also with urbanity, tact, 
and courtesy that endeared him to all. His years sat lightly upon him, 
and his undiminished alertness and vigour caused his sudden death to 
come upon us all with a shock of surprise as well as of pain and grief. 
The British Association owes him a debt of gratitude which must be so 
fully realised by every regular attender of our meetings that no poor 
words of mine are needed to quicken your sense of loss, or to add to the 
poignancy of your regret. 

The British Association has to deplore the loss from among us of Sir 
Joseph Gilbert, a veteran who continued to the end of a long life to 
pursue his important and beneficent researches with untiring energy. 
The length of his services in the cause of science cannot be better indi- 
cated than by recalling the fact that he was one of the six past Presidents 
boasting fifty years’ membership whose jubilee was celebrated by the 
Chemical Society in 1898. He was in fact an active member of that 
Society for over sixty years. Early in his career he devoted himself toa 
most important but at that time little cultivated field of research. He 
strove with conspicuous success to place the oldest of industries on a 
scientific basis, and to submit the complex conditions of agriculture to a 
systematic analysis. He studied the physiology of plant life in the open 
air, not with the object of penetrating the secrets of structure, but with 
the more directly utilitarian aim of establishing the conditions of success- 
ful and profitable cultivation. By a long series of experiments alike well 
conceived and laboriously carried out, he determined the effects of varia- 
tion in soil, and its chemical treatment—in short, in all the unknown 
factors with which the farmer previously had to deal according to 
empirical and local rules, roughly deduced from undigested experi- 
ence by uncritical and rudimentary processes of inference. Gilbert had 
the faith, the insight, and the courage to devote his life to an investi- 
gation so difficult, so unpromising, and so unlikely to bring the rich 
rewards attainable by equal diligence in other directions, as to offer no 
attraction to the majority of men. The tabulated results of the Rotham- 
sted experiments remain as a benefaction to mankind and a monument 
of indomitable and disinterested perseverance. 

It is impossible for me in this place to offer more than the barest 
indication of the great place in contemporary science that has been 
vacated by the lamented death of Professor Alfred Cornu, who so worthily 
upheld the best traditions of scientific France. He was gifted in a high 
degree with the intellectual lucidity, the mastery of form, and the perspicuous 
method which characterise the best exponents of French thought in all 
departments of study. After a brilliant career as a student, he was 
chosen at the early age of twenty-six to fill one of the enviable positions 
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more numerous in Paris than in London, the Professorship of Physics at 
the Ecole Polytechnique. In that post, which he occupied to the end of 
his life, he found what is probably the ideal combination for a man of 
science—leisure and material equipment for original research, together 
with that close and stimulating contact with practical affairs afforded by 
his duties as teacher in a great school, almost ranking as a department of 
State. Cornu was admirable alike in the use he made of his opportuni- 
ties and in his manner of discharging his duties. He was at once a great: 
investigator and a great teacher. I shall not even attempt a summary, 
which at the best must be very imperfect, of his brilliant achievements in 
optics, the study of his predilection, in electricity, in acoustics, and in the 
field of physics generally. As a proof of the great estimation in which he 
was held, it is sufficient to remind you that he had filled the highest presi- 
dential offices in French scientific societies, and that he was a foreign 
member of our Royal Society and a recipient of its Rumford medal. In 
this country he had many friends, attracted no less by his personal and 
social qualities than by his commanding abilities. Some of those here 
present may remember his appearance a few years ago at the Royal 
Institution, and more recently his delivery of the Rede Lecture at Cam- 
bridge, when the University conferred upon him the honorary degree of 
Doctor of Science. His death has inflicted a heavy blow upon our 
generation, upon France, and upon the world. 

[Since this address was written the Association has suffered a grievous 
loss through the sudden death of Sir Frederick Abel, a past President. 
and one of the most representative and successful chemists of his genera- 
tion. A distinguished pupil of Hoffmann, his early work was directed 
to the study of organic chemistry. His appointment as Chemist to the 
War Office at an early stage in his career directed his attention almost: 
exclusively to problems dealing with the application of chemistry to 
naval and military questions ; a department of knowledge with which his 
name will always be identified. His researches on nitro-cellulose, detona- 
tion, and the history of explosive agents, contain many new and startling 
observations on the stability and utility of such agents for the purposes 
of war. His investigation, in association with Sir Andrew Noble, of the 
products of the decomposition of fired gunpowder has long been regarded 
as a classic. He had the satisfaction of living through the age of gun- 
powder, and of seeing those nitro-compounds of his earlier studies 
employed as smokeless propulsive agents. In contributing to our know- 
ledge of the cause and prevention of colliery explosions and in devising a. 
reliable flash-test for the examination of petroleum he did great public 
service. Further he made valuable contributions to the study of metal- 
lurgy, especially as regards the condition of the carbon in steel. We also 
owe to him a debt of gratitude for services rendered to scientific societies 
and to the cause of scientific education. His loss makes a serious vacancy 
in the ranks of English chemists. | 
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The Progress of Belfast. 


A great man has observed that the ‘intelligent anticipation of 
events before they occur’ is a factor of some importance in human affairs. 
One may suppose that intelligent anticipation had something to do with 
the choice of Belfast as the meeting-place of the British Association this 
year. Or, if it had not, then it must be admitted that circumstances have 
conspired, as they occasionally do, to render the actual selection peculiarly 
felicitous. Belfast has perennial claims, of a kind that cannot easily be 
surpassed, to be the scene of a great scientific gathering—claims founded 
upon its scientific traditions and upon the conspicuous energy and success 
with which its citizens have prosecuted in various directions the applica- 
tion of science to the purposes of life. It is but the other day that the 
whole nation deplored at the grave of Lord Dufferin the loss of one of 
the most distinguished and most versatile public servants of the age. 
That great statesman and near neighbour of Belfast was a typical 
expression of the qualities and the spirit which have made Belfast what it 
is, and have enabled Ireland, in spite of all drawbacks, to play a great part 
in the Empire. I look round on your thriving and progressive city 
giving evidence of an enormous aggregate of industrial efforts intelligently 
organised and directed for the building up of a sound social fabric. I find 
that your great industries are interlinked and interwoven with the whole 
economic framework of the Empire, and that you are silently and irre- 
sistibly compelled to harmonious co-operation by practical considerations 
acting upon the whole community. It is here that I look for the real 
Ireland, the Ireland of the future. We cannot trace with precision the 
laws that govern the appearance of eminent men, but we may at least 
learn from history that they do not spring from every soil. They do not 
appear among decadent races or in ages of retrogression. They are the 
fine flower of the practical intellect of the nation working studiously and 
patiently in accordance with the great laws of conduct. In the manifold 
activities of Belfast we have a splendid manifestation of individual energy 
working necessarily, even if not altogether consciously, for the national 
good. In great Irishmen like Lord Dufferin and Lord Roberts, giving 
their best energies for the defence of the nation by diplomacy or by war, 
we have complementary evidence enough to reassure the most timid con- 
cerning the real direction of Irish energies and the vital nature of Irish 
solidarity with the rest of the Empire. 

Belfast has. played a prominent part in a transaction of a somewhat 
special and significant kind, which has proved not a little confusing and 
startling to the easy-going public. The significance of the shipping com- 
bination lies in the light it throws on the conditions and tendencies which 
make such things possible, if not even inevitable. It is an event forcibly 
ilustrating the declaration of His Royal Highness the Prince of Wales, 
that the nation must ‘wake up’ if it hopes to face its growing responsi- 
bilities. Belfast may plead with some justice that it, at least, has never 
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gone to sleep. In various directions an immense advance has been 
effected during the twenty-eight years that have elapsed since the last 
visit of the British Association. Belfast has become first a city and then 
a county, and now ranks as one of the eight largest cities in the United 
Kingdom. Its municipal area has been considerably extended, and its 
population has increased by something like 75 per cent. It has not only 
been extended, but improved and beautified in a manner which very 
few places can match, and which probably none can surpass. Fine new 
thoroughfares, adorned with admirable public institutions, have been run 
through areas once covered with crowded and squalid buildings. Com- 
pared with the early fifties, when iron shipbuilding was begun on a very 
modest scale, the customs collected at the port have increased tenfold. 
Since the introduction of the power-loom, about 1850, Belfast has dis- 
tanced all rivals in the linen industry, which continues to flourish not- 
withstanding the fact that most of the raw material is now imported, 
instead of being produced, as in former times, in Ulster. Extensive 
mprovements have been carried out in the port at a cost of several 
millions, and have been fully justified by a very great expansion of trade. 
These few bare facts suffice to indicate broadly the immense strides taken 
by Belfast in the last two decades. For an Association that exists for 
the advancement of science it is stimulating and encouraging to find itself 
in the midst of a vigorous community, successfully applying knowledge to 
the ultimate purpose of all human effort, the amelioration of the common 
lot by an ever-increasing mastery of the powers and resources of Nature. 


Tyndall and Evolution. 


The Presidential Address delivered by Tyndall in this city twenty- 
eight years ago will always rank as an epoch-making deliverance. Of all 
the men of the time, Tyndall was one of the best equipped for the 
presentation of a vast and complicated scientific subject to the mass of 
his fellow-men. Gifted with the powers of a many-sided original investi- 
gator, he had at the same time devoted much of his time to an earnest 
study of philosophy, and his literary and oratorical powers, coupled with 
a fine poetic instinct, were qualifications which placed him in the front 
rank of the scientific representatives of the later Victorian epoch, and 
constituted him an exceptionally endowed exponent of scientific thought. 
In the Belfast discourse Tyndall dealt with the changing aspects of the 
long unsettled horizon of human thought, at last illuminated by the 
sunrise of the doctrine of evolution. The consummate art with which he 
marshalled his scientific forces for the purpose of effecting conviction of 
the general truth of the doctrine has rarely been surpassed. The courage, 
the lucidity, the grasp of principles, the moral enthusiasm with which he 
treated his great theme, have powerfully aided in effecting a great 
intellectual conquest, and the victory assuredly ought to engender no 
regrets, 
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Tyndall’s views as a strenuous supporter and believer in the theory of 
evolution were naturally essentially optimistic. He had no sympathy 
with the lugubrious pessimistic philosophy whose disciples are for ever 
intent on administering rebuke to scientific workers by reminding them 
that, however much knowledge man may have acquired, it is as nothing 
compared with the immensity of his ignorance. That truth is indeed 
never adequately realised except by the man of science, to whom it is 
brought home by repeated experience of the fact that his most promising 
excursions into the unknown are invariably terminated by barriers which, 
for the time at least, are insurmountable. He who has never made such 
excursions with patient labour may indeed prattle about the vastness of 
the unknown, but he does so without real sincerity or intimate conviction. 
His tacit, if not his avowed, contention is, that since we can never know 
all it is not worth while to seek to know more ; and that in the profundity 
of his ignorance he has the right to people the unexplored spaces with the 
phantoms of his vain imagining. The man of science, on the contrary, 
finds in the extent of his ignorance a perpetual incentive to further 
exertion, and in the mysteries that surround him a continual invitation, 
nay, more, an inexorable mandate. Tyndall’s writings abundantly prove 
that he had faced the great problems of man’s existence with that calm 
intellectual courage, the lack of which goes very far to explain the nervous 
dogmatism of nescience. Just because he had done this, because he had, 
as it were, mapped out the boundaries between what is knowable though 
not yet known and what must remain for ever unknowable to man, he 
did not hesitate to place implicit reliance on the progress of which man is 
capable, through the exercise of patient and persistent research. In 
Tyndall’s scheme of thought the chief dicta were the strict division of the 
world of knowledge from that of emotion, and the lifting of life by 
throwing overboard the malign residuum of dogmatism, fanaticism, and 
intolerance, thereby stimulating and nourishing a plastic vigour of intellect. 
His cry was ‘ Commotion before stagnation, the leap of the torrent before 
the stillness of the swamp.’ 

His successors have no longer any need to repeat those significant 
words, ‘ We claim and we shall wrest from theology the entire domain of 
cosmological theory.’ The claim has been practically, though often 
unconsciously, conceded. Tyndall’s dictum, ‘ Every system must be plastic 
to the extent that the growth of knowledge demands,’ struck a note that 
was too often absent from the heated discussions of days that now seem so 
strangely remote. His honourable admission that, after all that had been 
achieved by the developmental theory, ‘the whole process of evolution is 
the manifestation of a power absolutely inscrutable to the intellect of 
man,’ shows how willingly he acknowledged the necessary limits of 
scientific inquiry. This reservation did not prevent him from expressing 
the conviction forced upon him by the pressure of intellectual necessity, 
after exhaustive consideration of the known relations of living things, 
that matter in itself must be regarded as containing the promise and 
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potency of all terrestrial life. Bacon in his day said very much the same 
thing : ‘He that will know the properties and proceedings of matter 
should comprehend in his understanding the sum of all things, which 
have been, which are, and which shall be, although no knowledge can 
extend so far as to singular and individual beings.’ Tyndall’s conclusion 
was at the time thought to be based on a too insecure projection into the 
unknown, and some even regarded such an expansion of the crude 
properties of matter as totally unwarranted. Yet Tyndall was certainly 
no materialist in the ordinary acceptation of the term. It is true his 
arguments, like all arguments, were capable of being distorted, especially 
when taken out of their context, and the address became in this way an 
easy prey for hostile criticism. The glowing rhetoric that gave charm to 
his discourse and the poetic similes that clothed the dry bones of his close- 
woven logic were attacked by a veritable broadside of critical artillery. 
At the present day these would be considered as only appropriate 
artistic embellishments, so great is the unconscious change wrought in our 
surroundings. It must be remembered that, while Tyndall discussed the 
evolutionary problem from many points of view, he took up the position 
of a practical disciple of Nature dealing with the known experimental and 
observational realities. of physical inquiry. Thus he accepted as fundamental 
concepts the atomic theory, together with the capacity of the atom to 
be the vehicle or repository of energy, and the grand generalisation of the 
conservation of energy. Without the former, Tyndall doubted whether it 
would be possible to frame a theory of the material universe ; and as to 
the latter he recognised its radical significance in that the ultimate 
philosophical issues therein involved wereas yet but dimly seen. That such 
generalisations are provisionally accepted does not mean that science is 
not alive to the possibility that what may now be regarded as fundamental 
may in future be superseded or absorbed by a wider generalisation. It is 
only the poverty of language and the necessity for compendious expression 
that oblige the man of science to resort to metaphor and to speak of the 
Laws of Nature. In reality, he does not pretend to formulate any laws 
for Nature, since to do so would be to assume a knowledge of the inscru- 
table cause from which alone such laws could emanate. When he speaks 
of a ‘ law of Nature’ he simply indicates a sequence of events which, so far 
as his experience goes, is invariable, and which therefore enables him to 
predict, to a certain extent, what will happen in given circumstances. 
But, however seemingly bold may be the speculation in which he permits 
himself to indulge, he does not claim for his best hypothesis more than 
provisional validity. He does not forget that to-morrow may bring a new 
experience compelling him to recast the hypothesis of to-day. This plas- 
ticity of scientific thought, depending upon reverent recognition of the 
vastness of the unknown, is oddly made a matter of reproach by the very 
people who harp upon the limitations of human knowledge. Yet the 
essential condition of progress is that we should generalise to the best of 
our ability from the experience at command, treat our theory as provi- 
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sionally true, endeavour to the best of our power to reconcile with it all 
the new facts we discover, and abandon or modify it when it ceases to 
afford a coherent explanation of new experience. That procedure is 
far as are the poles asunder from the presumptuous attempt to travel 
beyond the study of secondary causes. Any discussion as to whether 
matter or energy was the true reality would have appeared to Tyndall as 
a futile metaphysical disputation, which, being completely dissociated from 
verified experience, would lead to nothing. Noexplanation was attempted 
by him of the origin of the bodies we call elements, nor how some of such 
bodies came to be compounded into complex groupings and built up into 
special structures with which, so far as we know, the phenomena charac- 
teristic of life are invariably associated. The evolutionary doctrine leads 
us to the conclusion that life, such as we know it, has only been possible 
during a short period of the world’s history, and seems equally destined to 
disappear in the remote future; but it postulates the existence of a 
material universe endowed with an infinity of powers and properties, the 
origin of which it does not pretend to account for. The enigma at both 
ends of the scale Tyndall admitted, and the futility of attempting to 
answer such questions he fully recognised. Nevertheless, Tyndall did not 
mean that the man of science should be debarred from speculating as to the 
possible nature of the simplest forms of matter or the mode in which life may 
have originated on this planet. Lord Kelvin, in his Presidential Address, 
put the position admirably when he said ‘Science is bound by the ever- 
lasting law of honour to face fearlessly every problem that can fairly be 
presented to it. If a probable solution consistent with the ordinary course 
of Nature can be found, we must not invoke an abnormal act of Creative 
Power’ ; and in illustration he forthwith proceeded to express his convic- 
tion that from time immemorial many worlds of life besides our own have 
existed, and that ‘it is not an unscientific hypothesis that life originated 
on this earth through the moss-grown fragments from the ruins of another 
world.’ In spite of the great progress made in science, it is curious to 
notice the occasional recrudescence of metaphysical dogma. For instance, 
there is a school which does not hesitate to revive ancient mystifications 
in order to show that matter and energy can be shattered by philosophical 
arguments, and have no objective reality. Science is at once more humble 
and more reverent. She confesses her ignorance of the ultimate nature 
of matter, of the ultimate nature of energy, and still more of the origin 
and ultimate synthesis of the two. She is content with her patient inves- 
tigation of secondary causes, and glad to know that since Tyndall spoke in 
Belfast she has made great additions to the knowledge of general mole- 
cular mechanism, and especially of synthetic artifice in the domain of 
organic chemistry, though the more exhaustive acquaintance gained only 
forces us the more to acquiesce in acknowledging the inscrutable mystery 
of matter. Our conception of the power and potency of matter has grown 
in little more than a quarter of a century to much more imposing dimen- 
sions, and the outlook for the future assuredly suggests the increasing 
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acceleration of our rate of progress. For the impetus he gave to scientific 
work and thought, and for his fine series of researches chiefly directed to 
what Newton called the more secret and noble works of Nature within 
the corpuscules, the world owes Tyndall a debt of gratitude. It is well 
that his memory should be held in perennial respect, especially in the land 
of his birth. 


The Endowment of Education. 


These are days of munificent bencfactions to science and education, 
which however are greater and more numerous in other countries 
than in our own. Splendid as they are, it may be doubted, if we 
take into account the change in the value of money, the enormous 
increase of population, and the utility of science to the builders of colossal 
fortunes, whether they bear comparison with the efforts of earlier days. 
But the habit of endowing science was so long in practical abeyance that 
every evidence of its resumption is matter for sincere congratulation. 
Mr. Cecil Rhodes has dedicated a very large sum of money to the advance- 
ment of education, though the means he has chosen are perhaps not the 
most effective. It must he remembered that his aims were political as 
much as educational. He had the noble and worthy ambition to promote 
enduring friendship between the great English-speaking communities of 
the world, and knowing the strength of college ties he conceived that this 
end might be greatly furthered by bringing together at an English univer- 
sity the men who would presumably have much to do in later life with 
the influencing of opinion, or even with the direction of policy. It has 
been held by some a striking tribute to Oxford that a man but little given 
to academic pursuits or modes of thought should think it a matter of 
high importance to bring men from our colonies or even from Germany, 
to submit to the formative influences of that ancient seat of learning. 
But this is perhaps reading Mr. Rhodes backwards. He showed his 
affectionate recollection of his college days by his gift to Oriel. But, apart 
from the main idea of fostering good relations between those who will 
presumably be influential in England, in the colonies, and in the United 
States, Mr Rhodes was probably influenced also by the hope that the 
influx of strangers would help to broaden Oxford notions and to procure 
revision of conventional arrangements. 

Dr. Andrew Carnegie’s endowment of Scottish universities, as modi- 
fied by him in deference to expert advice, is a more direct benefit to the 
higher education. For while Mr. Rhodes has only enabled young men to 
get what Oxford has to give, Dr. Carnegie has also enabled his trustees 
powerfully to augment and improve the teaching equipment of the univer- 
sities themselves. At the same time he has provided as far as possible 
for the enduring usefulness of his money. His trustees form a permanent 
body external to the universities, which, while possessing no power of 
direct control, must always, as holder of the purse-strings, be in a position 
to offer independent and weighty criticisms. More recently Dr. Carnegie 
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has devoted an equal sum of ten million dollars to the foundation of a 
Carnegie Institution in Washington. Here again he has been guided by 
the same ideas. He has neither founded a university nor handed over 
the money to any existing university. He has created a permanent trust 
charged with the duty of watching educational efforts and helping them 
from the outside according to the best judgment that can be formed in 
the circumstances of the moment. Its aims are to be—to promote original 
research ; to discover the exceptional man in every department of study, 
whether inside or outside of the schools, and to enable him to make his 
special study his life-work ; to increase facilities for higher education ; to 
aid and stimulate the universities and other educational institutions ; to 
assist students who may prefer to study at Washington ; and to ensure 
prompt publication of scientific discoveries. The general purpose of the 
founder is to secure, if possible, for the United States leadership in the 
domain of discovery and the utilisation of new forces for the benefit of 
man. Nothing will more powerfully further this end than attention to 
the injunction to lay hold of the exceptional man whenever and wherever 
he may be found, and, having got him, to enable him to carry on the work 
for which he seems specially designed. That means, I imagine, a scouring 
of the old world, as well as of the new, for the best men in every depart- 
ment of study—in fact, an assiduous collecting of brains similar to the col- 
lecting of rare books and works of art which Americans are now carrying 
on in so lavish a manner. As in diplomacy and war, so in science, we owe 
_our reputation, and no small part of our prosperity, to exceptional men ; 
and that we do not enjoy these things in fuller measure we owe to our 
lack of an army of well-trained ordinary men capable of utilising their 
ideas. Our exceptional men have too often worked in obscurity, without 
recognition from a public too imperfectly instructed to guess at their 
greatness, without assistance from a State governed largely by dialec- 
ticians, and without help from academic authorities hidebound by the 
pedantries of medieval scholasticism. For such men we have to wait upon 
the will of Heaven. Even Dr. Carnegie will not always find them when 
they are wanted. .But what can be done in that direction will be done 
by institutions like Dr. Carnegie’s, and for the benefit of the nation that 
possesses them in greatest abundance and uses them most intelligently. 
When contemplating these splendid endowments of learning, it occurred 
to me that it would be interesting to find out exactly what some definite 
quantity of scientific achievement has cost in hard cash. In an article 
by Carl Snyder in the January number of the ‘ North American Review,’ 
entitled ‘America’s Inferior Place in the Scientific World,’ I found the 
statement that ‘it would be hardly too much to say that during 
the hundred years of its existence the Royal Institution alone has 
done more for English science than all of the English universities put 
together. This is certainly true with regard to British industry, for it 
"was here that the discoveries of Faraday were made.’ I was emboldened by 
this estimate from a distant and impartial observer to do, what otherwise 
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Ye might have shrunk from doing, and to take the Royal Institution— 
after all, the foundation of an American citizen, Count Rumford—as the 
basis of my inquiry. The work done at the Royal Institution during the 
past huudred years is a fairly definite quantity in the mind of every man 
really conversant with scientific affairs. I have obtained from the books 
accurate statistics of the total expenditure on experimental inquiry and 
public demonstrations for the whole of the nineteenth century. The 
items are : 


£ 
Professors’ Salaries—Physics and Chemistry . 54,600 
Laboratory Expenditure. z i - c 24,430 
Assistants’ Salaries A o ° . = 21,590 


Total for one hundred years . . 'e £100,620 


In addition, the members and friends of the Institution have contri- 
buted to a fund for exceptional expenditure for Experimental Research the 
sum of 9,580/. It should also be mentioned that a Civil List pension of 
3007. was granted to Faraday in 1853, and was continued during twenty- 
seven years of active work and five years of retirement. Thirty-two 
years in all, at 300/. a year, make a sum of 9,600/., representing the national 
donation, which, added to the amount of expenditure just stated, brings up 
the total cost of a century of scientific work in the laboratories of the 
Royal Institution, together with public demonstrations, to 119,800/.,, or 
an average of 1,200/. per annum. I think if you recall the names and 
achievements of Young, Davy, Faraday, and Tyndall, you will come to the 
conclusion that the exceptional man is about the cheapest of natural 
products. It is a popular fallacy that the Royal Institution is hand- 
somely endowed. On the contrary, it has often been in financial straits ; 
and since its foundation by Count Rumford its only considerable bequests 
have been one from Thomas G. Hodgkins, an American citizen, for 
Experimental Research, and that of John Fuller for endowing with 95/. a 
year the chairs of Chemistry and Physiology. In this connection the 
Davy-Faraday Laboratory, founded by the liberality of Dr. Ludwig 
Mond, will naturally occur to many minds. But though affiliated to the 
Royal Institution, with, I hope, reciprocal indirect advantages, that 
Laboratory is financially independent and its endowments are devoted to 
its own special purpose, which is to provide opportunity to prosecute 
independent research for worthy and approved applicants of all nationali- 
ties. The main reliance of the Royal Institution has always been, and 
still remains, upon the contributions of its members, and upon corre- 
sponding sacrifices in the form of time and labour by its professors. It 
may be doubted whether we can reasonably count upon a succession of 
scientific men able and willing to make sacrifices which the conditions of 
modern life tend to render increasingly burdensome. Modern science is 
in fact in something of a dilemma. Devotion to abstract research upon 
smell means is becoming always harder to maintain, while at the same 
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time the number of wealthy independent searchers after truth and 
patrons of science of the style of Joule, Spottiswoode, and De la Rue is 
apparently becoming smaller. The installations required by the refine- 
ments of modern science are continually becoming more costly, so that 
upon all grounds it would appear that without endowments of the 
kind provided by Dr. Carnegie the outlook for disinterested research is 
rather dark. On the other hand, these endowments, unless carefully 
administered, might obviously tend to impair the single-minded devotion 
to the search after truth for its own sake, to which science has owed 
almost every memorable advance made in the past. The Carnegie 
Institute will dispose in a year of as much money as the members of the 
Royal Institution bave expended in a century upon its purely scientific 
work. It will at least be interesting to note how far the output of high- 
class scientific work corresponds to the hundredfold application of money 
to its production. Nor will it be of less interest to the people of this 
country to observe the results obtained from that moiety of Dr. Carnegie’s 
gift to Scotland which is to be applied to the promotion of scientific 
research. 


Applied Chemistry, English and Foreign. 


The Diplomatic and Consular reports published from time to time by 
the Foreign Office are usually too belated to be of much use to business 
men, but they sometimes contain information concerning what is done in 
foreign countries which affords food for reflection. One of these reports, 
issued a year ago, gives a very good account of the German arrangements 
and provisions for scientific training, and of the enormous commercial 
demand for the services of men who have passed successfully through the 
universities and Technical High Schools, as well as of the wealth that 
has accrued to Germany through the systematic application of scientific 
proficiency to the ordinary business of life. 

Taking these points in their order, I have thought it a matter of great 
interest to obtain a comparative view of chemical equipment in this 
country and in Germany, and I am indebted to Professor Henderson of 
Glasgow, who last year became the secretary of a committee of this 
Association of which Professor Armstrong is chairman, for statistics 
referring to this country, which enable a comparison to be broadly made. 
The author of the consular report estimates that in 1901 there were 
4,500 trained chemists employed in German works, the number having risen 
to this point from 1,700 employed twenty-five years earlier. It is difficult 
to give perfectly accurate figures for this country, but a liberal estimate 
places the number of works chemists at 1,500, while at the very outside 
it cannot be put higher than somewhere between 1,500 and 2,000. In 
other words, we cannot show in the United Kingdom, notwithstanding 
the immense range of the chemical industries in which we once stood 
prominent, more than one-third of the professional staff employed in 
Germany. It may perhaps be thought or hoped that we make up in 
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quality for our defect in quantity, but unfortunately this is not the case. 
On the contrary, the German chemists are, on the average, as superior in 
technical training and acquirements as they are numerically. Details are 
given in the report of the training of 633 chemists employed in German 
works, Ofthese, 69 per cent. hold the degree of Ph.D., about 10 per cent. 
hold the diploma of a Technical High School, and about 5 per cent. hold both 
qualifications. “That is to say 84 per cent. have received a thoroughly 
systematic and complete chemical training, and 74 per cent. of these add the 
advantages of a university career. Compare with this the information 
furnished by 500 chemists in British works. Of these only 21 per cent. are 
graduates, while about 10 per cent. hold the diploma of a college. Putting 
the case as high as we can, and ignoring the more practical and thorough 
training of the German universities, which give their degrees for work done, 
and not for questions asked and answered on paper, we have only 31 per cent. 
of systematically trained chemists against 84 per cent. in German works. 
It ought to be mentioned that about 21 per cent. of the 500 are Fellows 
or Associates of the Institute of Chemistry, whatever that may amount. 
to in practice, but of these a very large number have already been 
accounted for under the heads of graduates and holders of diplomas. 
These figures, which I suspect are much too favourable on the British 
side, unmistakably point to the prevalence among employers in this 
country of the antiquated adherence to rule of thumb, which is at the 
root of much of the backwardness we have to deplore. It hardly needs 
to be pointed out to such an audience as the present that chemists who 
are neither graduates of a university, nor holders of a diploma from a 
technical college, may be competent to carry on existing processes 
according to traditional methods, but are very unlikely to effect sub- 
stantial improvements, or to invent new and more efficient processes. I 
am very far from denying that here and there an individual may be found 
whose exceptional ability enables him to triumph over all defects of 
training. But in all educational matters it is the average man whom we 
have to consider, and the average ability which we have to develop. 
Now, to take the second point—the actual money value of the indus- 
tries carried on in Germany by an army of workers both quantitatively 
and qualitatively so superior to our own. The Consular report estimates 
the whole value of German chemical industries at not less than fifty 
millions sterling per annum. These industries have sprung up within the 
last seventy years, and have received enormous expansion during the last. 
thirty. They are, moreover, very largely founded upon basic discoveries 
made by English chemists, but never properly appreciated or scientifically 
developed in the land of their birth. I will place before you some figures 
showing the growth of a single firm engaged in a single one of these 
industries—the utilisation of coal tar for the production of drugs, per- 
fumes, and colouring-matters of every conceivable shade. The firm of 
Friedrich Bayer & Co. employed in 1875, 119 workmen. The number 
has more than doubled itself every five years, and in May of this year 


ADDRESS. 17 


that firm employed 5,000 workmen, 160 chemists, 260 engineers and 
mechanics, and 680 clerks. For many years past it has regularly paid 
18 per cent. on the ordinary shares, which this year has risen to 20 per 
cent. ; and in addition, in common with other and even larger concerns 
in the same industry, has paid out of profits for immense extensions 
usually charged to capital account. There is one of these factories, the 
works and plant of which stand in the books at 1,500,000/., while the 
money actually sunk in them approaches to 5,000,000/. In other words, 
the practical monopoly enjoyed by the German manufacturers enables 
them to exact huge profits from the rest of the world, and to establish a 


_ position which, financially as well as scientifically, is almost unassailable. 


I must repeat that the fundamental discoveries upon which this gigantic 
industry is built were made in this country, and were practically 
developed to a certain extent by their authors. But in spite of the 
abundance and cheapness of the raw material, and in spite of the evi- 
dence that it could be most remuneratively worked up, these men founded 
no school and had practically no successors. The colours they made were 
driven out of the field by newer and better colours made from their stuff 
by the development of their ideas, but these improved colours were made 
in Germany and not in England. Now what is the explanation of this 
extraordinary and disastrous phenomenon? I give it in a word—want 
of education. We had the material in abundance when other nations 
had comparatively little. We had the capital, and we had the brains, for 
we originated the whole thing. But we did not possess the diffused edu- 
cation without which the ideas of men of genius cannot fructify beyond 
the limited scope of an individual. [am aware that our patent laws are 
sometimes held responsible. Well, they are a contributory cause ; but it 
must be remembered that other nations with patent laws as protective as 
could be desired have not developed the colour industry. The patent laws 
have only contributed in a secondary degree, and if the patent laws have 
been bad the reason for their badness is again want of education. Make 
them as bad as you choose, and you only prove that the men who made 
them, and the public whom these men try to please, were misled by 
theories instead of being conversant with fact and logic. But the root of 
the mischief is not in the patent laws or in any legislation whatever. 
It is in the want of education among our so-called educated classes, and 
secondarily among the workmen on whom these depend. It is in the 
abundance of men of ordinary plodding ability, thoroughly trained and 
methodically directed, that Germany at present has so commanding an 
advantage. It is the failure of our schools to turn out, and of our manu- 
facturers to demand, men of this kind, which explains our loss of some 
valuable industries and our precarious hold upon others. Let no one 
imagine for a moment that this deficiency can be remedied by any amount 
of that technical training which is now the fashionable nostrum. It is 
an excellent thing, no doubt, but it must rest upon a foundation of 
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men go to the technical schools. We have to begin at the beginning : we 
have to train the population from the first to think correctly and logically, 
to deal at first hand with facts, and to evolve, each one for himself, the 
solution of a problem put before him, instead of learning by rote the solu- 
tion given by somebody else. There are plenty of chemists turned out, 
even by our Universities, who would be of no use to Bayer & Co. They 
are chockfull of formule, they can recite theories, and they know text- 
books by heart ; but put them to solve a new problem, freshly arisen in 
the laboratory, and you will find that their learning is all dead. It has 
not become a vital part of their mental equipment, and they are floored 
by the first emergence of the unexpected. The men who escape this 
mental barrenness are men who were somehow or other taught to think 
long before they went to the university. To my mind, the really appalling 
thing is not that the Germans have seized this or the other industry, or 
even that they may have seized upon a dozen industries. It is that the 
German population has reached a point of general training and specialised 
equipment which it will take us two generations of hard and intelligently 
directed educational work to attain. It is that Germany possesses a 
national weapon of precision which must give her an enormous initial 
advantage in any and every contest depending upon iyi and 
methodised intellect. 


History of Cold and the Absolute Zero. 


It was Tyndall’s good fortune to appear before you at a moment when 
a fruitful and comprehensive idea was vivifying the whole domain of 
scientific thought. At the present time no such broad generalisation 
presents itself for discussion, while on the other hand the number of 
specialised studies has enormously increased. Science is advancing in so 
broad a front by the efforts of so great an army of workers that it would 
be idle to attempt within the limits of an address to the most indulgent of 
audiences anything like a survey of chemistry alone. But I have thought 
it might be instructive, and perhaps not uninteresting, to trace briefly in 
broad outline the development of that branch of study with which my 
own labours have been recently more intimately connected—a study which 
I trust Iam not too partial in thinking is as full of philosophical interest as 
of experimental difficulty. The nature of heat and cold must have en- 
gaged thinking men from the very earliest dawn of speculation upon the 
external world ; but it will suffice for the present purpose if, disregarding 
ancient philosophers and even medieval alchemists, we take up the subject 
where it stood after the great revival of learning, and as it was regarded 
by the father of the inductive method. That this was an especially 
attractive subject to Bacon is evident from the frequency with which 
he recurs to it in his different works, always with lamentation over the 
inadequacy of the means at disposal for obtaining a considerable degree 
of cold. Thus in the chapter in the Natural History, ‘Sylva Sylvarum,’ 
entitled ‘ Experiments in consort touching the production of cold,’ he says, 
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‘The production of cold is a thing very worthy of the inquisition both for 
the use and the disclosure of causes. For heat and cold are nature’s two 
hands whereby she chiefly worketh, and heat we have in readiness in 
respect of the fire, but for cold we must stay till it cometh or seek it in 
deep caves or high mountains, and when all is done we cannot obtain it 
in any great degree, for furnaces of fire are far hotter than a summer sun, 
but vaults and hills are not much colder than a winter’s frost.’ The great 
Robert Boyle was the first experimentalist who followed up Bacon’s sug- 
gestions. In 1682 Boyle read a paper to the Royal Society on ‘New 
Experiments and Observations touching Cold, or an Experimental 
History of Cold,’ published two years later in a separate work. This is 
really a most complete history of everything known about cold up to that 
date, but its great merit is the inclusion of numerous experiments made 
by Boyle himself on frigorific mixtures, and the general effects of such 
upon matter. The agency chiefly used by Boyle in the conduct of his 
experiments was the glaciating mixture of snow or ice and salt. In the 
course of his experiments he made many important observations. Thus 
he observed that the salts which did not help the snow or ice to dissolve 
faster gave no effective freezing. He showed that water in becoming ice 
expands by about one-ninth of its volume, and bursts gun-barrels. He 
attempted to counteract the expansion and prevent freezing by completely 
filling a strong iron ball with water before cooling ; anticipating that it 
might burst the bottle by the stupendous force of expansion, or that if it 
did not, then the ice produced might under the circumstances be heavier 
than water. He speculated in an ingenious way on the change of water 
into ice. Thus he says, ‘If cold be but a privation of heat through the 
recess of that ethereal substance which agitated the little eel-like particles 
of the water and thereby made them compose a fluid body, it may easily 
be conceived that they should remain rigid in the postures in which the 
ethereal substance quitted them, and thereby compose an unfluid body like 
ice ; yet how these little eels should by that recess acquire as strong an en- 
deavour outwards as if they were so many little springs and expand them- 
selves with so stupendous a force, is that which does not so readily appear.’ 
The greatest degree of adventitious cold Boyle was able to produce did 
not make air exposed to its action lose a full tenth of its own volume, so 
that, in his own words, the cold does not ‘weaken the spring by 
anything near so considerable as one would expect.’ After making 
this remarkable observation and commenting upon its unexpected nature, 
it is strange Boyle did not follow it up. He questions the existence of a 
body of its own nature supremely cold, by participating in which all other 
bodies obtain that quality, although the doctrine of a primum frigidum 
had been accepted by many sects of philosophers ; for, as he says, ‘if a 
body being cold signify no more than its not having its sensible parts so 
much agitated as those of our sensorium, it suffices that the sun or the 
fire or some other agent, whatever it were, that agitated more vehemently 
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but very remissly, so that till it be determined whether cold be a positive 
quality or but a privative it will be needless to contend what particular 
body ought to be esteemed the primum frigidum.’ The whole elaborate 
investigation cost Boyle immense labour, and he confesses that he ‘never 
handled any part of natural philosophy that was so troublesome and full 
of hardships.’ He looked upon his results but as a ‘ beginning’ in this 
field of inquiry, and for all the trouble and patience expended he consoled 
himself with the thought of ‘men being oftentimes obliged to suffer as 
much wet and cold and dive as deep to fetch up sponges as to fetch up 
pearls.’ After the masterly essay of Boyle, the attention of investigators 
was chiefly directed to improving thermometrical instruments. The old 
air thermometer of Galileo being inconvenient to use, the introduction 
of fluid thermometers greatly aided the inquiry into the action of heat and 
cold. For a time great difficulty was encountered in selecting proper 
fixed points on the scales of such instruments, and this stimulated men 
like Huygens, Newton, Hooke, and Amontons to suggest remedies and to 
conduct experiments. By the beginning of the eighteenth century the 
freezing-point and the boiling-point of water were agreed upon as fixed 
points, and the only apparent difficulties to be overcome were the selection 
of the fluid, accurate calibration of the capillary tube of the thermometer, 
and a general understanding as to scale divisions. It must be confessed 
that great confusion and inaccuracy in temperature observations arose 
from the variety and crudeness of the instruments. This led Amontons 
in 1702-3 to contribute two papers to the French Academy which reveal 
great originality in the handling of the subject, and which, strange to say, 
are not generally known. ‘The first discourse deals with some new 
properties of the air and the means of accurately ascertaining the 
temperature in any climate. He regarded heat as due to a movement of 
the particles of bodies, though he did not in any way specify the nature 
of the motion involved ; and as the general cause of all terrestrial motion, 
so that in its absence the earth would be without movement in its 
smallest parts. The new facts he records are observations on the spring 
or pressure of air brought about by the action of heat. He shows that 
different masses of air measured at the same initial spring or pressure, 
when heated to the boiling-point of water, acquire equal increments of 
spring or pressure, provided the volume of the gas be kept at its initial 
value. Further, he proves that if the pressure of the gas before heating 
be doubled or tripled, then the additional spring or pressure resulting 
from heating to the boiling-point of water is equally doubled or tripled. 
In other words, the ratio of the total spring of air at two definite 
and steady temperatures and at constant volume is a constant, inde- 
pendent of the mass or the initial pressure of the air in the thermometer. 
These results led to the increased perfection of the air thermometer as a 
standard instrument, Amontons’ idea being to express the temperature at 
any locality in fractions of the degree of heat of boiling water. The great 
novelty of the instrument is that temperature is defined by the measure- 
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ment of the length of a column of mercury. In passing, he remarks that 
we do not know the extreme of heat and cold, but that he has given the 
results of experiments which establish correspondences for those who wish 
to consider the subject. In the following year Amontons contributed to 
the Academy a further paper extending the scope of the inquiry. He 
there pointed out more explicitly that as the degrees of heat in his 
thermometer are registered by the height of a column of mercury, which 
the heat is able to sustain by the spring of the air, it follows that the 
extreme cold of the thermometer will be that which reduces the air to 
have no power of spring. This, he says, will be a much greater cold than 
what we call ‘very cold,’ because experiments have shown that if the 
spring of the air at boiling-point is 73 inches, the degree of heat 
which remains in the air when brought to the freezing-point of water is 
still very great, for it can still maintain the spring of 515 inches. The 
greatest climatic cold on the scale of units adopted by Amontons is 
marked 50, and the greatest summer heat 58, the value for boiling water 
being 73, and the zero being 52 units below the freezing-point. Thus 
Amontons was the first to recognise that the use of air as a thermometric 
substance led to the inference of the existence of a zero of temperature, 
and his scale is nothing else than the absolute one we are now so familiar 
with. It results from Amontons’ experiments that the air would have no 
spring left if it were cooled below the freezing-point of water to about 
24 times the temperature range which separates the boiling-point and the 
freezing-point. In other words, if we adopt the usual centessimal differ- 
ence between these two points of temperature as 100 degrees, then the 
zero of Amontons’ air thermometer is minus 240 degrees. This is a 
remarkable approximation to our modern value for the same point of 
minus 273 degrees. It has to be confessed that Amontons’ valuable con- 
tributions to knowledge met with that fate which has so often for a time 
overtaken the work of too-advanced discoverers; in other words, it 
was simply ignored, or in any case not appreciated by the scientific 
world either of that time or half a century later. It was not till Lambert, 
in his work on ‘Pyrometrie’ published in 1779, repeated Amontons’ 
experiments and endorsed his results that we find any further reference 
to the absolute scale or the zero of temperature. Lambert’s observations 
were made with the greatest care and refinement, and resulted in 
correcting the value of the zero of the air scale to minus 270 degrees as 
compared with Amontons’ minws 240 degrees. Lambert points out that 
the degree of temperature which is equal to zero is what one may call 
absolute cold, and that at this temperature the volume of the air would 
be practically nothing. In other words, the particles of the air would 
fall together and touch each other and become dense like water ; and from 
this it may be inferred that the gaseous condition is caused by heat. 
Lambert says that Amontons’ discoveries had found few adherents 
because they were too beautiful and advanced for the time in which he 
lived. 
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About this time a remarkable observation was made by Professor 
Braun at Moscow, who, during the severe winter of 1759, succeeded in 
freezing mercury by the use of a mixture of snow and nitric acid. When 
we remember that mercury was regarded as quite a peculiar substance 
possessed of the essential quality of fluidity, we can easily understand the 
universal interest created by the experiment of Braun. This was accen- 
tuated by the observations he made on the temperature given by the 
mercury thermometer, which appeared to record a temperature as low as 
minus 200° C. The experiments were soon repeated by Hutchins 
at Hudson’s Bay, who conducted his work with the aid of suggestions 
given him by Cavendish and Black. The result of the new observations 
was to show that the freezing-point of mercury is only minus 40° C., the 
errors in former experiments having been due to the great contraction of 
the mercury in the thermometer in passing into the solid state. From 
this it followed that the enormous natural and artificial colds which had 
generally been believed in had no proved existence. Still the possible 
existence of a zero of temperature very different from that deduced from 
gas thermometry had the support of such distinguished names as those of 
Laplace and Lavoisier. In their great memoir on ‘ Heat,’ after making 
what they consider reasonable hypotheses as to the relation between 
specific heat and total heat, they calculate values for the zero which range 
from 1,500 to 3,000 degrees below melting ice. On the whole, they regard 
the absolute zero as being in any case 600 degrees below the freezing- 
point. Lavoisier, in his ‘ Elements of Chemistry ’ published in 1792, goes 
further in the direction of indefinitely lowering the zero of temperature 
when he says, ‘ We are still very far from being able to produce the degree 
of absolute cold, or total deprivation of heat, being unacquainted with any 
degree of coldness which we cannot suppose capable of still further augmen- 
tation ; hence it follows we are incapable of causing the ultimate particles 
of bodies to approach each other as near as possible, and thus these particles 
do not touch each other in any state hitherto known.’ Even as late as 
the beginning of the nineteenth century we find Dalton, in his new system 
of ‘ Chemical Philosophy,’ giving ten calculations of this value, and adopt- 
ing finally as the natural zero of temperature minus 3,000° C. 

In Black’s lectures we find that he takes a very cautious view with 
regard to the zero of temperature, but as usual is admirably clear with 
regard to its exposition. Thus he says, ‘ We are ignorant of the lowest 
possible degree or beginning of heat. Some ingenious attempts have been 
made to estimate what it may be, but they have not proved satisfactory. 
Our knowledge of the degrees of heat may be compared to what we should 
have of a chain, the two ends of which were hidden from us and the 
middle only exposed to our view. We might put distinct marks on some 
of the links, and number the rest according as they are nearest to or 
further removed from the principal links ; but not knowing the distance 
of any links from the end of the chain we could not compare them together 
with respect to their distance, or say that one link was twice as far from 


—_— 


ADDRESS. 23 


the end of the chain as another.’ It is interesting to observe, however, 
that Black was evideritly well acquainted with the work of Amontons, 
and strongly supports his inference as to the nature of air. Thus, in dis- 
cussing the general cause of vaporisation, Black says that some philoso- 
phers have adopted the view ‘that every palpable elastic fluid in nature 
is produced and preserved in this form by the action of heat. Mr. 
Amontons, an ingenious member of the late Royal Academy of Sciences, 
at Paris, was the first who proposed this idea with respect to the atmo- 
sphere. He supposed that it might be deprived of the whole of its 
elasticity and condensed and even frozen into a solid matter were it in 
our power to apply to it a sufficient cold; that it is a substance that 
differs from others by being incomparably more volatile, and which is 
therefore converted into vapour and preserved in that form by a weaker 
heat than any that ever happened or can obtain in this globe, and which 
therefore cannot appear under any other form than the one it now wears, 
so long as the constitution of the world remains the same as at present.’ 
The views that Black attributes to Amontons have been generally asso- 
ciated with the name of Lavoisier, who practically admitted similar 
possibilities as to the nature of air; but it is not likely that in such 
matters Black would commit any mistake as to the real author of a parti- 
cular idea, especially in his own department of knowledge. Black’s own 
special contribution to low-temperature studies was his explanation of the 
interaction of mixtures of ice with-salts and acids by applying the doctrine 
of the latent heat of fluidity of ice to account for the frigorific effect. In 
a similar way Black explained the origin of the cold produced in Cullen’s 
remarkable experiment of the evaporation of ether under the receiver of 
an air-pump by pointing out that the latent heat of vaporisation in this 
ease necessitated such a result, Thus, by applying his own discoveries to 
latent heat, Black gave an intelligent explanation of the cause of all the 
low-temperature phenomena known in his day. 

After the gaseous laws had been definitely formulated by Gay-Lussac 
and Dalton, the question of the absolute zero of temperature, as deduced. 
from the properties of gases, was revived by Clement and Desormes. 
These distinguished investigators presented a paper on the subject to the 
French Academy in 1812, which, it appears, was rejected by that body. 
The authors subsequently elected to publish it in 1819. Relying on 
what we know now to have been a faulty hypothesis, they deduced from 
observations on the heating of air rushing into a vacuum the temperature 
of minus 267 degrees as that of the absolute zero. They further en- 
deavoured to show, by extending to lower temperatures the volume or the 
pressure coefficients of gases given by Gay-Lussac, that at the same 
temperature of minus 267 degrees the gases would contract so as to 
possess no appreciable volume, or, alternatively, if the pressure was under 
consideration, it would become so small as to be non-existent. Although 
full reference is given to previous work bearing on the same subject, yet, 
curiously enough, no mention is made of the name of Amontons. It 
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certainly gave remarkable support to Amontons’ notion of the zero to 
find that simple gases like hydrogen and compound gases like ammonia, 
hydrochloric, carbonic, and sulphurous acids should all point to substan- 
tially the same value for this temperature. But the most curious fact 
about this research of Clement and Desormes is that Gay-Lussac was a 
bitter opponent of the validity of the inferences they drew either from 
his work or their own. The mode in which Gay-Lussac regarded the 
subject may be succinctly put as follows: A quick compression of air 
to one-fifth volume raises its temperature to 300 degrees, and if this could 
be made much greater and instantaneous the temperature might rise to 
1,000 or 2,000 degrees. Conversely, if air under five atmospheres were 
suddenly dilated, it would absorb as much heat as it had evolved during 
compression, and its temperature would be lowered by 300 degrees. 
Therefore, if air were taken and compressed to fifty atmospheres or 
.more, the cold produced by its sudden expansion would have no limit. 
In order to meet this position Clement and Desormes adopted the 
following reasoning : They pointed out that it had not been proved that 
Gay-Lussac was correct in his hypothesis, but that in any case it tacitly 
involves the assumption that a limited quantity of matter possesses an 
unlimited supply of heat. If this were the case, then heat would be 
unlike any other measurable thing or quality. It is, therefore, more 
consistent with the course of nature to suppose that the amount of heat 
in a body is like the quantity of elastic fluid filling a vessel, which, while 
definite in original amount, one may make less and less by getting nearer 
to a complete exhaustion. Further, to realise the absolute zero in the 
one case is just as impossible as to realise the absolute vacuum in the 
other ; and as we do not doubt a zero of pressure, although it is unattain- 
able, for the same reason we ought to accept the reality of the absolute. 
zero. We know now that Gay-Lussac was wrong in supposing the 
increment of temperature arising from a given gaseous compression would 
produce a corresponding decrement from an identical expansion. After 
this time the zero of temperature was generally recognised as a fixed 
ideal point, but in order to show that it was hypothetical a distinction 
was drawn between the use of the expressions, zero of absolute tempera- 
ture and the absolute zero. 

The whole question took an entirely new form when Lord Kelvin, in 
1848, after the mechanical equivalent of heat had been determined by 
Joule, drew attention to the great principles underlying Carnot’s work 
on the ‘ Motive Power of Heat,’ and applied them to an absolute method 
of temperature measurement, which is completely independent of the 
properties of any particular substance. The principle was that for a 
difference of one degree on this scale, between the temperatures of the 
source and refrigerator, a perfect engine should give the same amount of 
work in every part of the scale. Taking the same fixed points as for the 
Centigrade scale, and making 100 of the new degrees cover that range, it 
was found that the degrees not only within that range, but as far beyond 
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as experimental data supplied the means of comparison, differed by only 
minute quantities from those of Regnault’s air thermometer. The zero 
of the new scale had to be determined by the consideration that when 
the refrigerator was at the zero of temperature the perfect engine should 
give an amount of work equal to the full mechanical equivalent of the 
heat taken up. This led to a zero of 273 degrees below the temperature 
of freezing water, substantially the same as that deduced from a study 
of the gaseous state. It was a great advance to demonstrate by 
the application of the laws of thermodynamics not only that the zero of 
temperature is a reality, but that it must be located at 273 degrees below 
the freezing-point of water. As no one has attempted to impugn the 
solid foundation of theory and experiment on which Lord Kelvin based 
his thermodynamic scale, the existence of a definite zero of temperature 
must be acknowledged as a fundamental scientific fact. 


Liquefaction of Gases and Continuity of State. 


In these speculations, however, chemists were dealing theoretically 
with temperatures to which they could not make any but the most dis- 
tant experimental approach. Cullen, the teacher of Black, had indeed 
shown how to lower temperature by the evaporation of volatile bodies, 
such as ether, by the aid of the air-pump, and the later experiments of 
Leslie and Wollaston extended the same principle. Davy and Faraday 
made the most of the means at command in liquefying the more con- 
densable gases, while at the same time Davy pointed out that they in turn 
might be utilised to procure greater cold by their rapid reconversion into. 
the aeriform state. Still the chemist was sorely hampered by the want 
of some powerful and accessible agent for the production of temperatures 
much lower than had ever been attained. That want was supplied by 
Thilorier, who in 1835 produced liquid carbonic acid in large quantities, 
and further made the fortunate discovery that the liquid could be frozen 
into a snow by its own evaporation. Faraday was prompt to take ad- 
vantage of this new and potent agent. Under exhaustion he lowered its 
boiling-point from minus 78° C. to nuns 110° C., and by combining this 
low temperature with pressure all the gases were liquefied by the year 
1844, with the exception of the three elementary gases—hydrogen, nitro- 
gen, and oxygen, and three compound gases—carbonic oxide, marsh gas, 
and nitric oxide ; Andrews some twenty-five years after the work of 
Faraday attempted to induce change of state in the uncondensed gases 
by using much higher pressures than Faraday employed. Combining the 
temperature of a solid carbonic acid bath with pressures of 500 atmospheres, 
Andrews found that none of these gases exhibited any appearance of 
liquefaction in such high states of condensation; but so far as change of 
volume by high compression went, Andrews confirmed the earlier work 
of Natterer by showing that the gases become proportionately less 
compressible with growing pressure. While such investigations were 
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proceeding, Regnault and Magnus had completed their refined investiga- 
tions on the laws of Boyle and Gay-Lussac. A very important series of 
experiments was made by Joule and Kelvin ‘On the Thermal Effects of 
Fluids in Motion’ about 1862, in which the thermometrical effects of 
passing gases under compression through porous plugs furnished important 
data for the study of the mutual action of the gas molecules. No one, 
however, had attempted to make a complete study of a liquefiable gas 
throughout wide ranges of temperature. This was accomplished by 
Andrews in 1869, and his Bakerian Lecture ‘On the Continuity of the 
Gaseous and Liquid States of Matter’ will always be regarded as an 
epoch-making investigation. During the course of this research Andrews 
observed that liquid carbonic acid raised to a temperature of 31° C. lost 
the sharp concave surface of demarcation between the liquid and the gas, 
the space being now occupied by a homogeneous fluid which exhibited, 
when the pressure was suddenly diminished or the temperature slightly 
lowered, a peculiar appearance of moving or flickering striz, due to great 
local alterations of density. At temperatures above 31° C. the separation 
into two distinct kinds of matter could not be effected even when the 
pressure reached 400 atmospheres. This limiting temperature of the 
change of state from gas to liquid Andrews called the critical tempera- 
ture. He showed that this temperature is constant, and differs with each 
substance, and that it is always associated with a definite pressure peculiar 
to each body. Thus the two constants, critical temperature and pressure, 
which have been of the greatest importance in subsequent investigations, 
came to be defined, and a complete experimental proof was given that 
“the gaseous and liquid states are only distinct stages of the same condi- 
tion of matter and are capable of passing into one another by a process 
of continuous change.’ 

In 1873 an essay ‘ On the Continuity of the Gaseous and Liquid State, 
full of new and suggestive ideas, was published by van der Waals, who, 
recognising the value of Clausius’ new conception of the Virial in Dynamics, 
for a long-continued series of motions, either oscillatory or changing 
exceedingly slowly with time, applied it to the consideration of the mole- 
cular movements of the particles of the gaseous substance, and after much 
refined investigation, and the fullest experimental calculation available at 
the time, devised his well-known Equation of Continuity. Its paramount 
merit is that it is based entirely on a mechanical foundation, and is in 
no sense empiric ; we may therefore look upon it as having a secure 
foundation in fact, but as being capable of extension and improvement. 
James Thomson, realising that the straight-line breach of continuous cur- 
vature in the Andrews isothermals was untenable to the physical mind, pro- 
pounded his emendation of the Andrews curves—namely, that they were 
continuous and of S form. We also owe to James Thomson the concep- 
tion and execution of a three-dimensional model of Andrews’ results, which 
has been of the greatest service in exhibiting the three variables by means 
of a specific surface afterwards greatly extended and developed by Professor 
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Willard Gibbs. The suggestive work of James Thomson undoubtedly 
was a valuable aid to van der Waals, for as soon as he reached the point 
where his equation had to show the continuity of the two states this was 
the first difficulty he had to encounter, and he succeeded in giving the 
explanation. He also gave a satisfactory reason for the existence of a 
minimum value of the product of volume and pressure in the Regnault 
isothermals. His isothermals, with James Thomson’s completion of them, 
were now shown to be the results of the laws of dynamics. Van der Waals 
applied the new equation to the consideration of the coefticients of expan- 
sion with temperature and of pressure with temperature, showing that 
although they were nearly equal, nevertheless they were almost independent 
quantities. His investigation of the capillarity constant was masterly, and 
he added further to our knowledge of the magnitudes of the molecules of 
gases and of their mean free paths. Following up the experiments of Joule 
and Kelvin, he showed how their cooling coefficients could be deduced, 
and proved that they vanished at a temperature in each case which is a 
constant multiple of the specific critical temperature. The equation of 
continuity developed by van der Waals involved the use of three constants 
instead of one, as in the old law of Boyle and Charles, the latter being 
only utilised to express the relation of temperature, pressure, and volume, 
when the gas is far removed from its point of liquefaction. Of the two 
new constants one represents the molecular pressure arising from the 
attraction between the molecules, the other four times the volume of the 
molecules. Given these constants of a gas, van der Waals showed that 
his equation not only fitted into the general characters of the isothermals, 
but also gave the values of the critical temperature, the critical pressure, 
and the critical volume. In the case of carbonic acid the theoretical 
results were found to be in remarkable agreement with the experimental 
values of Andrews. This gave chemists the means of ascertaining the 
critical constants, provided sufficiently accurate data derived from the 
study of a few properly distributed isothermals of the gaseous substance 
were available. Such important data came into the possession of chemists 
when Amagat published his valuable paper on ‘The Isothermals of 
Hydrogen, Nitrogen, Oxygen, Ethylene, &c.,’ in the year 1880. It now 
became possible to calculate the critical data with comparative accuracy 
for the so-called permanent gases oxygen and nitrogen, and this 
was done by Sarrau in 1882. In the meantime a great impulse had 
been given to a further attack upon the so-called permanent gases 
by the suggestive experiments made by Pictet and Cailletet. The 
static liquefaction of oxygen was effected by Wroblewski in 1883, and 
thereby the theoretical conclusions derived from van der Waals’ equation 
were substantially confirmed. The liquefaction of oxygen and air was 
achieved through the use of liquid ethylene as a cooling agent, which 
enabled a temperature of minus 140 degrees to be maintained by its steady 
evaporation in vacuo. From this time liquid oxygen and air came to be 
regarded as the potential cooling agents for future research, commanding 
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as they did a temperature of 200 degrees below melting ice. The theoretical 
side of the question received at the hands of van der Waals a second 
contribution, which was even more important than his original essay, and 
that was his novel and ingenious development of what he calls ‘The 
Theory of Corresponding States.’ He defined the corresponding states of 
two substances as those in which the ratios of the temperature, pressure, 
and volume to the critical temperature, pressure, and volume respectively 
were the same for the two substances, and in corresponding states he 
showed that the three pairs of ratios all coincided. From this a series of 
remarkable propositions were developed, some new, some proving previous 
laws that were hitherto only empiric, and some completing and correcting 
faulty though approximate laws. As examples, he succeeded in calculating 
the boiling-point of carbonic acid from observations on ether vapour, 
proved Kopp’s law of molecular volumes, and showed that at corresponding 
temperatures the molecular latent heats of vaporisation are proportional 
to the absolute critical temperature, and that under the same conditions 
the coefficients of liquid expansion are inversely proportional to the 
absolute critical temperature, and that the coefficients of liquid compres- 
sibility are inversely proportional to the critical pressure. All these 
propositions and deductions are in the main correct, though further 
experimental investigation has shown minor discrepancies requiring 
explanation. Various proposals have been made to supplement van der 
Waals’ equation so as to bring it into line with experiments, some being 
entirely empiric, others theoretical. Clausius, Sarrau, Wroblewski, Batteli, 
and others attacked the question empirically, and in the main preserved 
the co-volume (depending on the total volume of the molecules) unaltered 
while trying to modify the constant of molecular attraction. Their success 
depended entirely on the fact that, instead of limiting the number of 
constants to three, some of them have increased them to as many as ten. 
On the other hand, a series of very remarkable theoretical investigations 
has been made by van der Waals himself, by Kammerlingh Onnes, 
Korteweg, Jaeger, Boltzmann, Dieterici, and Rienganum, and others, all 
directed in the main towards an admitted variation in the value of the 
co-volume while preserving the molecular attraction constant. The 
theoretical deductions of Tait lead to the conclusion that a substance 
below its critical point ought to have two different equations of the van 
der Waals type, one referring to the liquid and the other to the gaseous 
phase. One important fact was soon elicited—namely, that the law of 
correspondence demanded only that the equation should contain not more 
than three constants for each body. The simplest extension is that made 
by Reinganum, in which he increased the pressure for a given mean 
kinetic energy of the particles inversely in the ratio of the diminution of 
free volume, due to the molecules possessing linear extension. Berthelot 
has shown how a ‘reduced’ isothermal may be got by taking two other 
prominent points as units of measurement instead of the critical co- 
ordinates. The most suggestive advance in the improvement of the 
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van der Waals equation has been made by a lady, Mme. Christine 
Meyer. The idex at the base of this new development may be under- 
stood from the following general statement: van der Waals brings 
the van der Waals surfaces for all substances into coincidence at the 
point where volume, pressure, and temperature are nothing, and then 
stretches or compresses al] the surfaces parallel to the three axes of 
volume, pressure, and temperature, until their critical points coincide. 
But on this plan the surfaces do not quite coincide, because the points 
where the three variables are respectively nothing are not corresponding 
points. Mme. Meyer’s plan is to bring all the critical points first 
into coincidence, and then to compress or extend all the representative 
surfaces parallel to the three axes of volume, pressure, and temperature, 
until the surfaces coincide. In this way, taking twenty-nine different 
substances, she completely verifies from experiment van der Waals’ law 
of correspondence. The theory of van der Waals has been one of the 
greatest importance in directing experimental investigation, and in 
attacking the difficult problems of the liquefaction of the most permanent 
gases. One of its greatest triumphs has been the proof that the, critical 
constants and the boiling-point of hydrogen theoretically deduced by 
Wroblewski from a study of the isothermals of the gas taken far above 
the temperature of liquefaction are remarkably near the experimental 
values. We may safely infer, therefore, that if hereafter a gas be 
discovered in small quantity even four times more volatile than liquid 
hydrogen, yet by a study of its isothermals at low temperature we shall 
succeed in finding its most important liquid constants, although the 
isolation of the real liquid may for the time be impossible. It is perhaps 
not too much to say that as a prolific source of knowledge in the depart- 
ment dealing with the continuity of state in matter, it would be necessary 
to go back to Carnot’s cycle to find a proposition of greater importance 
than the theory of van der Waals and his development of the law of 
corresponding states. 

It will be apparent from what has just been said that, thanks to the 
labours of Andrews, van der Waals, and others, theory had again far 
outrun experiment. We could calculate the constants and predict some 
of the simple physical characteristics of liquid oxygen, hydrogen, or 
nitrogen with a high degree of confidence long before any one of the 
three had been obtained in the static liquid condition permitting of the 
experimental verification of the theory. This was the more tantalising, 
because, with whatever confidence the chemist may anticipate the sub- 
stantial corroboration of his theory, he also anticipates with almost 
equal conviction that as he approaches more and more nearly to the 
zero of absolute temperature, he will encounter phenomena compelling 
modification, revision, and refinement of formulas which fairly covered 
the facts previously known. Just as nearly seventy years ago chemists 
were waiting for some means of getting a temperature of 100 degrees 
below melting ice, so ten years ago they were casting about for 
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the means of going 100 degrees lower still. The difficulty, it need 
hardly be said, increases in a geometrical rather than in an arithmetical 
ratio. Its magnitude may be estimated from the fact that to produce 
liquid air in the atmosphere of an ordinary laboratory is a feat analogous 
to the production of liquid water starting from steam at a white heat, 
and working with all the implements and surroundings at the same high 
temperature. The problem was not so much how to produce intense 
cold as how to save it when produced from being immediately levelled up 
by the relatively superheated surroundings. Ordinary non-conducting 
‘packings were inadmissible because they are both cumbrous and opaque, 
while in working near the limits of our resources it is essential that the 
product should be visible and readily handled. It was while puzzling 
over this mechanical and manipulative difficulty in 1892 that it 
occurred to me that the principle of an arrangement used nearly 
twenty years before in some calorimetric experiments,' which was based 
upon the work of Dulong and Petit on radiation, might be em- 
ployed with advantage as well to protect cold substances from heat as 
hot ones from rapid cooling. I therefore tried the effect of keeping 
liquefied gases in vessels having a double wall, the annular space between 
being very highly exhausted.? Experiments showed that liquid air 
evaporated at only one-fifth of the rate prevailing when it was placed in 
a similar unexhausted vessel, owing to the convective transference of heat 
by the gas particles being enormously reduced by the high vacuum. But, 
in addition, these vessels lend themselves to an arrangement by which 
radiant heat can also be cut off. It was found that when the inner walls 
were coated witha bright deposit of silver the influx of heat was diminished 
to one-sixth the amount entering without the metallic coating. The total ~ 
effect of the high vacuum and the silvering is to reduce the ingoing heat 
to about 3 per cent, The efficiency of such vessels depends upon getting 
as high a vacuum as possible, and cold is one of the best means of effect- 
ing the desired exhaustion. All that is necessary is to fill completely the 
space that has to be exhausted with an easily condensable vapour, and then 
to freeze it out in a receptacle attached to the primary vessel that can be 
sealed off. The advantage of this method is that no air-pump is required, 
and that theoretically there is no limit to the degree of exhaustion that 
can be obtained. The action is rapid, provided liquid air is the cooling 
agent, and vapours like mercury, water, or benzol are employed. It is 
obvious that when we have to deal with such an exceptionally volatile 
liquid as hydrogen, the vapour filling may be omitted because air itself is 
now an easily condensable vapour. In cther words, liquid hydrogen, col- 
lected in such vessels with the annular space full of air, immediately 
solidifies the air and thereby surrounds itself with a high vacuum. In the 
same way, when it shall be possible to collect a liquid boiling on the 


1 ¢QOn the Physical Constants of Hydrogenium,’ Trans. Roy. Soc., ed. 1873. 
2 It now appears that similar vessels were employed by Professor Violle in a 
research entitled ‘ Sur un Calorimétre par Refroidissement,’ Comptes Rendus, 1882. 
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absolute scale at about 5 degrees, as compared with the 20 degrees 
of hydrogen, then you might have the annular space filled with the latter 
gas to begin with, and yet get directly a very high vacuum, owing to the 
solidification of the hydrogen. Many combinations of vacuum vessels can 
be arranged, and the lower the temperature at which we have to operate 
the more useful they become. Vessels of this kind are now in general 
use, and in them liquid air has crossed the American continent. Of the 
various forms, that variety is of special importance which has a spiral 
tube joining the bottom part of the walls, so that any liquid gas may be 
drawn otf from the interior of such a vessel. In the working of regenera- 
tive coils such a device becomes all-important, and such special vessels 
cannot be dispensed with for the liquefaction of hydrogen. 

In the early experiments of Pictet and Cailletet, cooling was produced 
by the sudden expansion of the highly compressed gas preferably at a low 
temperature, the former using a jet that lasted for some time, the latter 
an instantaneous adiabatic expansion in a strong glass tube. Neither 
process was practicable as a mode of producing liquid gases, but both gave 
valuable indications of partial change into the liquid state by the 
production of a temporary mist. Linde, however, saw that the continuous 
use of a jet of highly compressed gas, combined with regenerative cooling, 
must lead to liquefaction on account of what is called the Kelvin-Joule 
effect ; and he succeeded in making a machine, based on this principle, 
capable of producing liquid air for industrial purposes. These experi- 
menters had proved that, owing to molecular attraction, compressed 
gases passing through a porous plug or small aperture were lowered in 
temperature by an amount depending on the difference of pressure 
and inversely as the square of the absolute temperature. This means 
that for a steady difference of pressure the cooling is greater the lower 
the temperature. The only gas that did not show cooling under such 
conditions was hydrogen. Instead of being cooled it became actually 
hotter. The reason for this apparent anomaly in the Kelvin-Joule 
effect is that every gas has a thermometric point of inversion above 
which it is heated and below which it is cooled. This inversion 
point, according to van der Waals, is six and three-quarter times the 
critical point. The efficiency of the Linde process depends on working 
with highly compressed gas well below the inversion temperature, and in 
this respect this point may be said to take the place of the critical one, 
when in the ordinary way direct liquefaction is being effected by the use 
of specific liquid cooling agents. The success of both processes depends 
upon working within a certain temperature range, only the Linde method 
gives us a much wider range of temperature within which liquefaction can 
be effected. This is not the case if, instead of depending on getting cool- 
ing by the internal work done by the attraction of the gas molecules, we 
force the compressed gas to do external work as in the well-known air 
machines of Kirk and Coleman. Both these inventors have pointed out 
that there is no limit of temperature, short of liquefaction of the gas in 
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use in the circuit, that such machines are not capable of giving. While 
it is theoretically clear that such machines ought to be capable of main- 
taining the lowest temperatures, and that with the least expenditure of 
power, it is a very different matter to overcome the practical difficulties 
of working such machines under the conditions. Coleman kept a machine 
delivering air at minus 83 degrees for hours, but he did not carry 
his experiments any further. Recently Monsieur Claude, of Paris, 
has, however, succeeded in working a machine of this type so efficiently 
that he has managed to produce one litre of liquid air per horse power 
expended per hour in the running of the engine. This output is twice as 
good as that given by the Linde machine, and there is no reason to doubt 
that the yield will be still further improved. It is clear, therefore, that in 
the immediate future the production of liquid air and hydrogen will be 
effected most economically by the use of machines producing cold by the 
expenditure of mechanical work. 


Liquid Hydrogen and Helium. 


To the physicist the copious production of liquid air by the methods 
described was of peculiar interest and value as affording the means of 
attacking the far more difficult problem of the liquefaction of hydrogen, 
and even as encouraging the hope that liquid hydrogen might in time be 
employed for the liquefaction of yet more volatile elements, apart from the 
importance which its liquefaction must hold in the process of the steady 
advance towards the absolute zero. Hydrogen is an element of especial 
interest, because the study of its properties and chemical relations led 
great chemists like Faraday, Dumas, Daniell, Graham, and Andrews to 
entertain the view that if it could ever be brought into the state of liquid 
or solid it would reveal metallic characters. Looking to the special 
chemical relations of the combined hydrogen in water, alkaline oxides, 
acids, and salts, together with the behaviour of these substances on electro- 
lysis, we are forced to conclude that hydrogen behaves as the analogue of 
ametal. After the beautiful discovery of Graham that palladium can 
absorb some hundreds of times its own volume of hydrogen, and still 
retain its lustre and general metallic character, the impression that 
hydrogen was probably a member of the metallic group became very 
general. The only chemist who adopted another view was my distinguished 
predecessor, Professor Odling. In his ‘Manual of Chemistry,’ published 
in 1861, he pointed out that hydrogen has chlorous as well as basic 
relations, and that they are as decided, important, and frequent as its 
other relations. From such considerations he arrived at the conclusion 
that hydrogen is essentially a neutral or intermediate body, and therefore 
_ we should not expect to find liquid or solid hydrogen possess the appear- 
ance of a metal. This extraordinary prevision, so characteristic of 
Odling, was proved to be correct some thirty-seven years after it was 
made. Another curious anticipation was made by Dumas in a letter 
addressed to Pictet, in which he says that the metal most analogous to 
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hydrogen is magnesium, and that probably both elements have the same 
atomic volume, so that the density of hydrogen, for this reason, would be 
about the value elicited by subsequent experiments. Later on, in 1872, 
when Newlands began to arrange the elements in periodic groups, he 
regarded hydrogen as the lowest member of the chlorine family ; but 
Mendeleef in his later classification placed hydrogen in the group of the 
alkaline metals ; on the other hand, Dr. Johnstone Stoney classes hydrogen 
with the alkaline earth metals and magnesium. From this speculative 
divergency it is clear no definite conclusion could be reached regarding 
the physical properties of liquid or solid hydrogen, and the only way to 
arrive at the truth was to prosecute low-temperature research until 
success attended the efforts to produce its liquefaction. This result I 
definitively obtained in 1898. The case of liquid hydrogen is, in fact, an 
excellent illustration of the truth already referred to, that no theoretical 
forecast, however apparently justified by analogy, can be finally accepted 
as true until confirmed by actual experiment. Liquid hydrogen is a 
colourless transparent body of extraordinary intrinsic interest. It has a 
clearly defined surface, is easily seen, drops well, in spite of the fact that 
its surface tension is only the thirty-fifth part of that of water, or about 
one-fifth that of liquid air, and can be poured easily from vessel to vessel. 
The liquid does not conduct electricity, and, if anything, is slightly © 
diamagnetic. Compared with an equal volume of liquid air, it requires 
only one-fifth the quantity of heat for vaporisation ; on the other hand, 
its specific heat is six times that of liquid air or three times that of 
water. The coefficient of expansion of the fluid is remarkable, being about 
ten times that of the gas ; it is by far the lightest liquid known to exist, 
its density being only one-fourteenth that of water ; the lightest liquid 
previously known was liquid marsh gas, which is six times heavier. 
The only solid which has so smal] density as to float upon its surface is a 
‘piece of pith wood. It is by far the coldest liquid known. At ordinary 
atmospheric pressure it boils at minus 252°5 degrees or 20°5 degrees 
absolute. The critical point of the liquid is from 30 to 32 degrees 
absolute, and the critical pressure not more, but probably less, than 15 
atmospheres. The vapour of the hydrogen arising from the liquid has 
nearly the density of air—that is, it is fourteen times that of the gas at 
the ordinary temperature. Reduction of the pressure by an air-pump 
brings down the temperature to minus 258 degrees, when the liquid becomes 
asolid resembling frozen foam, and this by further exhaustion is cooled to 
minus 259-5 degrees, or 133, degrees absolute, which is the lowest steady tem- 
- perature that has been reached. Thesolid may also be got in the form of a 
clear transparent ice, melting at about 15 degrees absolute, under a pressure 
of 55 mm., possessing the unique density of one-tenth that of water. 
Such cold involves the solidification of every gaseous substance but one 
that is at present definitely known to the chemist, and so liquid hydrogen 
introduces the investigator to a world of solid bodies. The contrast 
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On the removal of the loose plug of cotton-wool used to cover the 
mouth of the vacuum vessel in which it is stored, the action is followed 
by a miniature snowstorm of solid air, formed by the freezing of the 
atmosphere at the point where it comes into contact with the cold vapour 
rising from the liquid. This solid air falls into the vessel and accumulates 
as a white snow at the bottom of the liquid hydrogen. When the 
outside of an ordinary test-tube is cooled by immersion in the liquid, 
it is soon observed to fill up with solid air, and if the tube be now lifted 
out a double effect is visible, for liquid air is produced both in the inside 
and on the outside of the tube—in the one case by the melting of the 
solid, and in the other by condensation from the atmosphere. <A tuft 
of cotton-wool soaked in the liquid and then held near the pole of a 
strong magnet is attracted, and it might be inferred therefrom that 
‘liquid hydrogen is a magnetic body. This, however, is not the case : 
the attraction is due neither to the cotton-wool nor to the hydrogen— 
which indeed evaporates almost as soon as the tuft is taken out of the 
liquid—but to the oxygen of the air, which is well known to be a magnetic 
body, frozen in the wool by the extreme cold. 

The strong condensing powers of liquid hydrogen afford a simple 
means of producing vacua of very high tenuity. When one end of a 
sealed tube containing ordinary air is placed for a short time in the liquid, 
the contained air accumulates as a solid at the bottom, while the higher 
part is almost entirely deprived of particles of gas. So perfect is the 
vacuum thus formed, that the electric discharge can be made to pass only 
with the greatest difficulty. Another important application of liquid air, 
liquid hydrogen, &c., is as analytic agents. Thus, if a gaseous mixture be 
cooled by means of liquid oxygen, only those constituents will be left in 
the gaseous state which are less condensabie than oxygen. Similarly, if 
this gaseous residue be in its turn cooled in liquid hydrogen a still further 
separation will be effected, everything that is less volatile than hydrogen 
being condensed to a liquid or solid. By proceeding in this fashion 
it. has been found possible to isolate helium from a mixture in which 
it is present to the extent of only one part in one thousand. By 
the evaporation of solid hydrogen under the air-pump we can reach 
within 13 or 14 degrees of the zero, but there or thereabouts our 
progress is barred: This gap of 13 degrees might seem at first 
sight insignificant in comparison with the hundreds that have already 
been conquered. But to win one degree low down the scale is quite 
a different matter from doing so at higher temperatures; in fact, 
to annihilate these few remaining degrees would be a far greater 
achievement than any so far accomplished in low-temperature research. 
For the difficulty is twofold, having to do partly with process and partly 
with material. The application of the methods used in ‘the liquefaction 
of gases becomes continually harder and more troublesome as the working 
temperature is reduced ; thus, to pass from liquid air to liquid hydrogen— 
a difference of 60 degrees—is, from a thermodynamic point of view, as 
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difficult as to bridge the gap of 150 degrees that separates liquid chlorine 
and liquid air. By the use of a new liquid gas exceeding hydrogen in 
volatility to the same extent as hydrogen does nitrogen, the investigator 
might get to within five degrees of the zero ; but even a second hypothe- 
tical substance, again exceeding the first one in volatility to an equal 
extent, would not suffice to bring him quite to the point of his ambition. 
That the zero will ever be reached by man is extremely improbable. A 
thermometer introduced into regions outside the uttermost confines 
of the earth’s atmosphere might approach the absolute zero, provided 
that its parts were highly transparent to all kinds of radiation, other- 
wise it would be affected by the radiation of the sun, and would. there- 
fore become heated. But supposing all difficulties to be overcome, 
and the experimenter to be able to reach within a few degrees of the 
zero, it is by no means certain that he would find the near approach 
of the death of matter sometimes pictured. Any forecast of the phe- 
nomena that would be seen must be based on the assumption that 
there is continuity between the processes studied at attainable tem- 
peratures and those which take place at still lower ones. Is such an 
assumption justified? It is true that many changes in the properties of 
substances have been found to vary steadily with the degree of cold to 
which they are exposed. But it would be rash to take for granted that 
the changes which have been traced in explored regions continue to the 
same extent and in the same direction in those which are as yet unex- 
plored. Of such a breakdown low-temperature research has already 
yielded a direct proof at least in one case. A series of experiments with 
pure metals showed that their electrical resistance gradually decreases as 
they are cooled to lower and lower temperatures, in such ratio that it 
appeared probable that at the zero of absolute temperature they would 
have no resistance at all and would become perfect conductors of elec- 
tricity. This was the inference that seemed justifiable by observations 
taken at depths of cold which can be obtained by means of liquid air and 
less powerful refrigerants. But with the advent of the more powerful] 
refrigerant liquid hydrogen it became necessary to revise that conclusion. 
A discrepancy was first observed when a platinum resistance thermometer 
was used to ascertain the temperature of that liquid boiling under atmo- 
spheric and reduced pressure. All known liquids, when forced to evaporate 
quickly by being placed in the exhausted receiver of an air-pump, undergo 
# reduction in temperature, but when hydrogen was treated in this way 
it appeared to be an exception. The resistance thermometer showed no 
such reduction as was expected, and it became a question whether it was 
the hydrogen or the thermometer that was behaving abnormally, Ulti- 
mately, by the adoption of other thermometrical appliances, the tempera- 
ture of the hydrogen was proved to be lowered by exhaustion as theory 
indicated. Hence it was the platinum thermometer which had broken 
down ; in other words, the electrical resistance of the metal employed in 
its construction was not, at temperatures about minus 250° C., decreased 
D2 
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by cold in the same proportion as at temperatures about minus 200 degrees. 
This being the case, there is no longer any reason to suppose that at the 
absolute zero platinum would become a perfect conductor of electricity ; 
and in view of the similarity between the behaviour of platinum and that 
of other pure metals in respect of temperature and conductivity, the pre- 
sumption is that the same is true of them also. At any rate, the know- 
ledge that in the case of at least one property of matter we have succeeded 
in attaining a depth of cold sufficient to bring about unexpected change 
in the law expressing the variation of that property with temperature, is 
sufficient to show the necessity for extreme caution in extending our inrfer- 
ences regarding the properties of matter near the zero of temperature. 
Lord Kelvin evidently anticipates the possibility of more remarkable elec- 
trical properties being met with in the metals near the zero. A theoretical 
investigation on the relation of ‘electrions’ and atoms has led him to sug- 
gest a hypothetical metal having the following remarkable properties : below 
1 degree absolute it is a perfect insulator of electricity, at 2 degrees it shows 
aoticeable conductivity, and at 6 degrees it possesses high conductivity. It 
may safely be predicted that liquid hydrogen will be the means by which 
many obscure problems of physics and chemistry will ultimately be 
solved, so that the liquefaction of the last of the old permanent gases is 
as pregnant now with future consequences of great scientific moment as 
was the liquefaction of chlorine in the early years of the last century. 
The next step towards the absolute zero is to find another gas more 
volatile than hydrogen, and that we possess in the gas occurring in clevite, 
identified by Ramsay as helium, a gas which is widely distributed, like 
hydrogen, in the sun, stars, and nebule. A specimen of this gas was 
subjected by Olszewski to liquid air temperatures, combined with com- 
pression and subsequent expansion, following the Cailletet method, and 
resulted in his being unable to discover any appearance of liquefaction, 
even in the form of mist. His experiments led him to infer that the 
boiling-point of the substance is probably below 9 degrees absolute. 
After Lord Rayleigh had found a new source of helium in the gases which 
are derived from the Bath springs, and liquid hydrogen became available 
as a cooling agent, a specimen of helium cooled in liquid hydrogen showed 
the formation of fluid, but this turned out to be owing to the presence of 
an unknown admixture of other gases. As a matter of fact, a year 
before the date of this experiment I had recorded indications of the 
presence of unknown gases in the spectrum of helium derived from this 
source. When subsequently such condensable constituents were removed, 
the purified helium showed no signs of liquefaction, even when com- 
pressed to 80 atmospheres, while the tube containing it was sur- 
rounded with solid hydrogen. Further, on suddenly expanding, no 
instantaneous mist appeared. Thus helium was definitely proved to be a 
much more volatile substance than hydrogen in either the liquid or solid 
condition. The inference to be drawn from the adiabatic expansion 
effected under the circumstances is that helium must have touched a tempe- 


ADDRESS. 37 


rature of from 9 to 10. degrees for a short time without showing any signs of 
liquefaction, and consequently that the critical point must be still lower. 
This would force us to anticipate that the boiling-point of the liquid will 
be about 5 degrees absolute, or liquid helium will be four times more 
volatile than liquid hydrogen, just as liquid hydrogen is four times more 
volatile than liquid air. Although the liquefaction of the gas is a pro- 
blem for the future, this does not prevent us from anticipating some 
of the properties of the fluid body. It would be twice as dense as liquid 
hydrogen if the ratio of the critical constants has the same value as 
in the case of hydrogen—that is to say, the critical pressure will not 
exceed 4 or 5 atmospheres. The liquid would on this assumption possess 
a very feeble surface-tension, and its compressibility and expansibility 
would be about four times that of liquid hydrogen, while the heat required 
to vaporise the molecule would be about one-fourth that of liquid hydro- 
gen. If the critical pressure should turn out to be as high as that of 
nitrogen or oxygen, then the fluid density would exceed that of water 
and the surface-tension be increased, while the compressibility would be 
diminished. Heating the liquid 1 degree above its boiling-point would 
raise the pressure by 1} atmosphere, which is more than four times the 
increment for liquid hydrogen. The liquid would be only seventeen 
times denser than its vapour, whereas liquid hydrogen is sixty-five times 
denser than the gas it gives off. Only some 3 or 4 degrees would 
separate the critical temperature from the boiling-point and the melting- 
point, whereas in liquid hydrogen the separation is respectively 10 and 
15 degrees. As the liquid refractivities for oxygen, nitrogen, and hydro- 
gen are closely proportional to the gaseous values, and as Lord Rayleigh 
has shown that helium has only one-fourth the refractivity of hydrogen, 
although it is twice as dense, we may infer that the refractivity of 
liquid helium would also be about one-fourth that of liquid hydrogen, 
unless the critical pressure is high, which would necessitate an increase 
in the value. Now hydrogen has the smallest refractivity of any 
known liquid, and yet liquid helium will have only about one-fourth 
of this value—comparable, in fact, with liquid hydrogen just below its 
critical point. This means that the liquid will be quite exceptional in 
its optical properties, and very ditlicult to see. This may be the ex- 
planation of why no mist has been seen on its adiabatic expansion from 
the lowest temperatures. Taking all these remarkable properties of the 
liquid into consideration, one is afraid to predict that we are at present 
able to cope with the difficulties involved in its production and collection. 
Provided the critical point is, however, not below 8 degrees absolute, 
then from the knowledge of the conditions that are successful in pro- 
ducing a change of state in hydrogen through the use of liquid air, we 
may safely predict that helium can be liquefied by following similar 
methods. If, however, the critical point is as low as 6 degrees absolute, 
then it would be almost hopeless to anticipate success by adopting the pro- 
cess that works so well with hydrogen. The present anticipation is that 
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the gas will succumb after being subjected to this process, only, instead of 
liquid air under exhaustion being used as the primary cooling agent, liquid 
hydrogen evaporating under similar circumstances must be employed. In 
this case the resulting liquid would require to be collected in a vacuum 
vessel, the outer walls of which are immersed in liquid hydrogen. The 
practical difficulties and the cost of the operation will be very great ; but 
on the other hand, the descent to a temperature within 5 degrees of the 
zero would open out new vistas of scientific inquiry, which would add 
immensely to our knowledge of the properties of matter. To command in 
our laboratories a temperature which would be equivalent to that which 
a comet might reach at an infinite distance from the sun would indeed 
be a great triumph for science. If the present Royal Institution attack 
on helium should fail, then we must ultimately succeed by adopting a 
process based on the mechanical production of cold through the perform- 
ance of external work. When a turbine can be worked by compressed 
helium, the whole of the mechanism and circuits being kept surrounded 
with liquid hydrogen, then we need hardly doubt that the liquefaction 
will be effected. In all probability gases other than helium will be dis- 
covered of greater volatility than hydrogen. It was at the British Asso- 
ciation Meeting in 1896 that I made the first suggestion of the probable 
existence of an unknown element which would be found to fill up the gap 
between argon and helium, and this anticipation was soon taken up by others 
and ultimately confirmed. Later, in the Bakerian Lecture for 1901, I was 
led to infer that another member of the helium group might exist having 
the atomic weight about 2, and this would give us a gas still more volatile, 
with which the absolute zero might be still more nearly approached. It 
is to be hoped that some such element or elements may yet be isolated 
and identified as coronium or nebulium. If amongst the unknown gases 
possessing a very low critical point some have a high critical pressure, 
instead of a low one, which ordinary experience would lead us to antici- 
pate, then such difficultly liquefiable gases would produce fluids having 
different physical properties from any of those with which we are 
acquainted. Again, gases may exist having smaller atomic weights and 
densities than hydrogen, yet all such gases must, according to our present 
views of the gaseous state, be capable of liquefaction before the zero of 
temperature is reached. The chemists of the future will find ample scope 
for investigation within the apparently limited range of temperature 
which separates solid hydrogen from the zero. Indeed, great as is the 
sentimental interest attached to the liquefaction of these refractory gases, 
the importance of the achievement lies rather in the fact that it opens out 
new fields of research and enormously widens the horizon of physical 
science, enabling the natural philosopher to study the properties and 
behaviour of matter under entirely novel conditions. This department 
of inquiry is as yet only in its infancy, but speedy and extensive develop- 
ments may be looked for, since within recent years several special cryo- 
genic laboratories have been established for the prosecution of such 


ADDRESS. 39 


researches, and a liquid-air plant is becoming a common adjunct to the 
equipment of the ordinary laboratory. 


The Upper Air and Auroras. 


The present liquid ocean, neglecting everything for the moment but 
the water, was at a previous period of the earth’s history part of the 
atmosphere, and its condensation has been brought about by the gradual 
cooling of the earth’s surface. This resulting ocean is subjected to the 
pressure of the remaining uncondensed gases, and as these are slightly 
soluble they dissolve to some extent in the fluid. The gases in solution. 
can be taken out by distillation or by exhausting the water, and if we 
compare their volume with the volume of the water as steam, we should 
find about 1 volume of air in 60,000 volumes of steam. This would 
then be about the rough proportion of the relatively permanent gas to 
condensable gas which existed in the case of the vaporised ocean. Now let 
us assume the surface of the earth gradually cooled to some 200 degrees 
below the freezing-point ; then, after all the present ocean was frozen, 
and the climate became three times more intense than any arctic 
frost, a new ocean of liquid air would appear, covering the entire surface 
of the frozen globe about 35 feet deep. We may now apply the 
same reasoning to the liquid air ocean that we formerly did to the 
water one, and this would lead us to anticipate that it might contain in 
solution some gases that may be far less condensable than the chief 
constituents of the fluid. In order to separate them we must imitate 
the method of taking the gases out of water. Assume a sample of 
liquid air cooled to the low temperature that can be reached by its own 
evaporation, connected by a pipe toa condenser cooled in liquid hydrogen ; 
then any volatile gases present in solution will distil over with the 
first portions of the air, and can be pumped off, being uncondensable 
at the temperature of the condenser. In this way, a gas mixture, con- 
taining, of the known gases, free hydrogen, helium, and neon, has been 
separated from liquid air. It is interesting to note in passing that the 
relative volatilities of water and oxygen are in the same ratio as those of 
liquid air and hydrogen, so that the analogy between the ocean of water 
and that of liquid air has another suggestive parallel. The total uncon- 
densable gas separated in this way amounts to about one fifty-thousandth 
of the volume of the air, which is about the same proportion as the air 
dissolved in water. That free hydrogen exists in air in small amount 
is conclusively proved, but the actual proportion found by the process is 
very much smaller than Gautier has estimated by the combustion 
method. The recent experiments of Lord Rayleigh show that Gautier, 
who estimated the hydrogen present as one five-thousandth, has in some 
way produced more hydrogen than he can manage to extract from pure 
air by a repetition of the same process. The spectroscopic examination 
of these gases throws new light upon the question of the aurora and the 
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nature of the upper air. On passing electric discharges through the 
tubes containing the most volatile of the atmospheric gases, they glow 
with a bright orange light, which is especially marked at the negative 
pole. The spectroscope shows that this light consists, in the visible part 
of the spectrum, chiefly of a succession of strong rays in the red, orange, 
and yellow, attributed to hydrogen, helium, and neon. Besides these, 
a vast number of rays, generally less brilliant, are distributed through 
the whole length of the visible spectrum. The greater part of these 
rays are of, as yet, unknown origin. The violet and ultra-violet part of 
the spectrum rivals in strength that of the red and yellow rays. As 
these gases probably include some of the gases that pervade inter- 
planetary space, search was made for the prominent nebular, coronal, and 
auroral lines. No definite lines agreeing with the nebular spectrum could 
be found, but many lines occurred closely coincident with the coronal 
and auroral spectrum. But before discussing the spectroscopic problem 
it will be wecessary to consider the nature and condition of the upper 
air. 

According to the old law of Dalton, supported by the modern dynamical 
theory of gases, each constituent of the atmosphere while acted upon by 
the force of gravity forms a separate atmosphere, completely independent, 
except as to temperature, of the others, and the relations between the 
common temperature and the pressure and altitude for each specific 
atmosphere can be definitely expressed. If we assume the altitude and 
temperature known, then the pressure can be ascertained for the same 
height in the case of each of the gaseous constituents, and in this way 
the percentage composition of the atmosphere at that place may be 
deduced. Suppose we start with a surface atmosphere having the com- 
position of our air, only containing two ten-thousandths of hydrogen, then 
at thirty-seven miles, if a sample could be procured for analysis, we 
believe that it would be found to contain 12 per cent. of hydrogen and 
only 10 per cent. of oxygen. The carbonic acid practically disappears ; 
and by the time we reach forty-seven miles, where the temperature is 
minus 132 degrees, assuming a gradient of 3-2 degrees per mile, the 
nitrogen and oxygen have so thinned out that the only constituent of 
the upper air which is left is hydrogen. If the gradient of temperature 
were doubled, the elimination of the nitrogen and oxygen would take 
place by the time thirty-seven miles was reached, with a temperature of 
minus 220 degrees. The permanence of the composition of the air at the 
highest altitudes, as deduced from the basis of the dynamical theory of 
gases, has been discussed by Stoney, Bryan, and others. It would appear 
that there is a consensus of opinion that the rate at which gases like 
hydrogen and helium could escape from the earth’s atmosphere would be 
excessively slow. Considering that to compensate any such loss the same 
gases are being supplied by actions taking place in the crust of the earth, 
we may safely regard them as necessarily permanent constituents of the 
upper air. The temperature at the elevations we have been discussing 
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would not be sufficient to cause any liquefaction of the nitrogen and oxy- 
gen, the pressure being so low. If we assume the mean temperature as 
about the boiling-point of oxygen at atmospheric pressure, then a con- 
siderable amount of the carbonic acid must solidify as a mist, if the air 
from a lower level be cooled to this temperature ; and the same result 
might take place with other gases of relatively small volatility which occur 
in air. This would explain the clouds that have been seen at an elevation 
of fifty miles, without assuming the possibility of water vapour being 
carried up so high. The temperature of the upper air must be above that 
on the vapour pressure curve corresponding to the barometric pressure at 
the locality, otherwise liquid condensation must take place. In other 
words, the temperature must be above the dew-point of air at that place. 
At higher elevations, on any reasonable assumption of temperature distri- 
bution, we inevitably reach a temperature where the air would condense, 
just as Fourier and Poisson supposed it would, unless the temperature is 
arrested in some way from approaching the zero. Both ultra-violet 
absorption and the prevalence of electric storms may have something to 
do with the maintenance of a higher mean temperature. The whole mass 
of the air above forty miles is not more than one seven-hundredth part of 
the total mass of the atmosphere, so that any rain or snow of liquid or 
solid air, if it did occur, would necessarily be of a very tenuous descrip- 
tion. In any case, the dense gases tend to accumulate in the lower strata, 
and the lighter ones to predominate at the higher altitudes, always as- 
suming that a steady state of equilibrium has been reached. It must be 
observed, however, that a sample of air taken at an elevation of nine miles 
has shown no difference in composition from that at the ground, whereas, 
according to our hypothesis, the oxygen ought to have been diminished 
to 17 per cent., and the carbonic acid should also have become much 
less. This can only be explained by assuming that a large inter- 
mixture of different layers of the atmosphere is still taking place at this 
elevation. ‘This is confirmed by a study of the motions of clouds about 
six miles high, which reveals an average velocity of the air currents of 
some seventy miles an hour ; such violent winds must be the means of 
causing the intermingling of different atmospheric strata. Some clouds, 
however, during hot and thundery weather, have been seen to reach an 
elevation of seventeen miles, so that we have direct proof that on occasion 
the lower layers of atmosphere are carried to a great elevation. The exist- 
ence of an atmosphere at more than a hundred miles above the surface of 
the earth is revealed to us by the appearance of metecrs and fireballs, and 
when we can take photographs of the spectrum of such apparitions we 
shall learn a great deal about the composition of the upper air. In the 
meantime Pickering’s solitary spectrum of a meteor reveals an atmosphere 
of hydrogen and helium, and so far this is corroborative of the doctrine 
we have been discussing. It has long been recognised that the aurora is 
the result of electric discharges within the limits of the earth’s atmosphere, 
but it was difficult to understand why its spectrum should be so entirely 
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different from anything which could be produced artificially by electric 
discharges through raretied air at the surface of the earth. Writing in 
1879, Rand Capron, after collecting all the recorded observations, was 
able to enumerate no more than nine auroral rays, of which but one could 
with any probability be identified with rays emitted by atmospheric air 
under an electric discharge. Vogel attributed this want of agreement 
between nature and experiment, in a vague way, to difference of tempera- 
ture and pressure ; and Zollner thought the auroral spectrum to be one 
of a different order, in the sense in which the line and band spectra of 
nitrogen are said to be of different orders. Such statements were merely 
confessions of ignorance. But since that time observations of the spectra 
of auroras have been greatly multiplied, chiefly through the Swedish and 
Danish Polar Expeditions, and the length of spectrum recorded on the 
ultra-violet side has been greatly extended by the use of photography, so 
that, in a recent discussion of the results, M. Henri Stassano is able to 
enumerate upwards of one hundred auroral rays, of which the wave-length 
is more or less approximately known, some of them far in the ultra-violet. 
Of this large number of rays he is able to identify, within the probable 
limits of errors of observation, about two-thirds as rays, which Professor 
Liveing and myself have observed to be emitted by the most volatile 
gases of atmospheric air unliquefiable at the temperature of liquid 
hydrogen. Most of the remainder he ascribes to argon, and some he 
might, with more probability, have identified with krypton or xenon rays, 
if he had been aware of the publication of wave-lengths of the spectra of 
those gases, and the identification of one of the highest rays of krypton 
with that most characteristic of auroras. The rosy tint often seen in 
auroras, particularly in the streamers, appears to be due mainly to neon, 
of which the spectrum is remarkably rich in red and orange rays One 
or two neon rays are amongst those most frequently observed, while the 
red ray of hydrogen and one red ray of krypton have been noticed only 
once. The predominance of neon is not surprising, seeing that from its 
relatively greater proportion in air and its low density it must tend to 
concentrate at higher elevations. So large a number of probable identifi- 
cations warrants the belief that we may yet be able to reproduce in our 
laboratories the auroral spectrum in its entirety. It is true that we have 
still to account for the appearance of some, and the absence of other, rays 
of the newly discovered gases, which in the way in which we stimu- 
late them appear to be equally brilliant, and for the absence, with 
one doubtful exception, of all the rays of nitrogen. If we cannot give 
the reason of this, it is because we do not know the mechanism of lumi- 
nescence—nor even whether the particles which carry the electricity 
are themselves luminous, or whether they only produce stresses causing 
other particles which encounter them to vibrate; yet we are certain 
that an electric discharge in a highly rarefied mixture of gases lights one 
element and not another, in a way which, to our ignorance, seems 
capricious. The Swedish North Polar Expedition concluded from a great 
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number of trigonometrical measurements that the average above the 
ground of the base of the aurora was fifty kilometres (thirty-four miles) 
at Cape Thorsden, Spitzbergen ; at this height the pressure of the nitrogen 
of the atmosphere would be only about one-tenth of a millimetre, and 
Moissan and Deslandres have found that in atmospheric air at pressures 
less than one millimetre the rays of nitrogen and oxygen fade and are 
replaced by those of argon and by five new rays which Stassano 
identifies with rays of the more volatile gases measured by us. Also 
Collie and Ramsay’s observations on the distance to which electrical 
discharges of equal potential traverse different gases explosively throw 
much light on the question ; for they find that, while for helium and neon 
this distance is from 250 to 300 mm., for argon it is 45} mm., for 
hydrogen it is 39 mm., and for air and oxygen still less. This indicates 
that a good deal depends on the very constitution of the gases themselves, 
and certainly helps us to understand why neon and argon, which exist in 
the atmosphere in larger proportions than helium, krypton, or xenon, 
should make their appearance in the spectrum of auroras almost to the 
exclusion of nitrogen and oxygen. How much depends not only on the 
constitution and it may be temperature of the gases, but also on the 
character of the electric discharge, is evident from the difference between 
the spectra at the cathode and anode in different gases, notably in 
nitrogen and argon, and not less remarkably in the more volatile 
compounds of the atmosphere. Paulsen thinks the aurora] spectrum 
wholly due to cathodic rays. Without stopping to discuss that question, 
it is certain that changes in the character of the electric discharge 
produce definite changes in the spectra excited by them. It has long 
been known that in many spectra the rays which are inconspicuous 
with an uncondensed electric discharge become very pronounced when a 
Leyden jar is in the circuit. This used to be ascribed to a higher 
temperature in this condensed spark, though measurements of that 
temperature have not borne out the explanation. Schuster and Hem- 
salech have shown that these changes of spectra are in part due to the 
oscillatory character of the condenser discharge which may be enhanced 
by self-induction, and the corresponding change of spectrum thereby 
made more pronounced. Lightning we should expect to resemble 
condensed discharge much more than aurora, but this is not borne out by 
the spectrum. Pickering’s recent analysis of the spectrum of a flash 
obtained by photography shows, out of nineteen lines measured by hin, 
only two which can be assigned with probability to nitrogen and oxygen, 
while three hydrogen rays most likely due to water are very conspicuous, 
and eleven may be reasonably ascribed to argon, krypton, and xenon, one 
to more volatile gas of the neon class, and the brightest ray of all is but a 
very little less refrangible than the characteristic auroral ray, and coincides 
with a strong ray of calcium, but also lies between, and close to, an argon 
and aneon ray, neither of them weak rays. There may be some doubt about 
the identification of the spectral rays of auroras because of the wide limits 
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of the probable errors in measuring wave-lengths so faint as most of them 
are, but there is no such doubt about the wave-lengths of the rays in solar 
protuberances measured by Deslandres and Hale. Stassano found that 
these rays, forty-four in number, lying between the Fraunhofer line 7 
and 3148 in the ultra-violet agree very closely with rays which Professor 
Liveing and myself measured in the spectra of the most volatile atmo- 
spheric gases. It will be remembered that one of the earliest suggestions 
as to the nature of solar prominences was that they were solar auroras. 
This supposition helped to explain the marvellous rapidity of their 
changes, and the apparent suspension of brilliant self-luminous clouds at 
enormous heights above the sun’s surface. Now the identification of the 
rays of their spectra with those of the most volatile gases, which also 
furnish many of the auroral rays, certainly supports that suggestion. A 
stronger support, however, seems to be given to it by the results obtained 
at the total eclipse of May 1901, by the American expedition to Sumatra. 
In the ‘ Astrophysical Journal’ for June last is a list of 339 lines in the 
spectrum of the corona photographed by Humphreys, during totality, 
with a very large concaye grating. Of these no fewer than 209 do not 
differ from lines we have measured in the most volatile gases of the 
atmosphere, or in krypton or xenon, by more than one unit of wave- 
length on Armstrong’s scale, a quantity within the limit of probable 
error. Of the remainder, a good many agree to a like degree with argon 
lines, a very few with oxygen lines, and still fewer with nitrogen lines ; 
the characteristic green auroral ray, which is not in the range of 
Humphreys’ photographs, also agrees within a small fraction of a unit of 
wave-length with one of the rays emitted by the most volatile atmospheric 
gas. Taking into account the Fraunhofer lines H, X, and G, usually 
ascribed to calcium, there remain only fifty-five lines of the 339 un- 
accounted for to the degree of probability indicated. Of these consider- 
ably more than half are very weak lines which have not depicted 
themselves on more than one of the six films exposed, and extend but a 
very short distance into the sun’s atmosphere. There are, however, seven 
which are stronger lines, and reach to a considerable height above the 
sun’s rim, and all have depicted themselves on at least four of the six 
films. If there be no considerable error in the wave-lengths assigned (and 
such is not likely to be the case), these lines may perhaps be due to some 
volatile element which may yet be discovered in our atmosphere. How- 
ever that may be, the very great number of close coincidences between 
the auroral rays and those which are emitted under electric excitement 
by gases of our atmosphere almost constrains us to believe, what is indeed 
most probable on other grounds, that the sun’s coronal atmosphere is 
composed of the same substances as the earth’s, and that it is rendered 
luminous in the same way—namely, by electric discharges. This conclusion 
has plainly an important bearing on the explanation which should be 
given of the outburst of new stars and of the extraordinary and rapid 
changes in their spectra. Moreover, leaving on one side the question 
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whether gases ever become luminous by the direct action of heat, apart 
from such transfers of energy as occur in chemical change and electric 
disturbance, it demands a revision of the theories which attribute more 
permanent differences between the spectra of different stars to differences 
of temperature, and a fuller consideration of the question whether they 
cannot with better reason be explained by differences in the electric 
conditions which prevail in the stellar atmosphere. 

If we turn to the question what is the cause of the electric discharges 
which are generally believed to occasion auroras, but of which little more 
has hitherto been known than that they are cunnected with sun-spots and 
solar eruptions, recent studies of electric discharges in high vacua, with 
which the names of Crookes, Réntgen, Lenard, and J. J. Thomson will 
always be associated, have opened the way for Arrhenius to suggest 
a definite and rational answer. He points out that the frequent dis- 
turbances which we know to occur in the sun must cause electric dis 
charges in the sun’s atmosphere far exceeding any that occur in that of 
the earth. These will be attended with an ionisation of the gases, and 
the negative ions will stream away through the outer atmosphere of the 
sun into the interplanetary space, becoming, as Wilson has shown, nuclei 
of aggregation of condensable vapours and cosmic dust. The liquid and 
solid particles thus formed will be of various sizes; the larger will 
gravitate back to the sun, while those with diameters less than one and a 
half thousandths of a millimetre, but nevertheless greater than a wave- 
length of light, will, in accordance with Clerk-Maxwell’s electromagnetic 
theory, be driven away from the sun by the incidence of the solar rays 
upon them, with velocities which may become enormous, until they meet 
other celestial bodies, or increase their dimensions by picking up more 
cosmic dust or diminish them by evaporation. The earth will ‘catch its 
share of such particles on the side which is turned towards the sun, and 
its upper atmosphere will thereby become negatively electrified until the 
potential of the charge reaches such a point that a discharge occurs, which 
will be repeated as more charged particles reach the earth. This theory 
not only accounts for the auroral discharges, and the coincidence of their 
times of greatest frequency with those of the maxima of sunspots, but also 
for the minor maxima and minima. The vernal and autumnal maxima 
occur when the line through the earth and sun has its greatest inclination 
to the solar equator, so that the earth is more directly exposed to the 
region of maximum of sunspots, while the twenty-six days period corre- 
sponds closely with the period of rotation of that part of the solar 
surface where facule are most abundant. J. J. Thomson has pointed out, 
as a consequence of the Richardson observations, that negative ions will 
be constantly streaming from the sun merely regarded as a hot body, but 
this is not inconsistent with the supposition that there will be an excess 
of this emission in eruptions, and from the regions of facule. Arrhenius’ 
theory accounts also, in a way which seems the most satisfactory hitherto 
enunciated, for the appearances presented by comets. The solid parts 
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of these objects absorb the sun’s rays, and as they approach the sun 
become heated on the side turned towards him until the volatile substances 
frozen in or upon them are evaporated and diffused in the gaseous state in 
surrounding space, where they get cooled to the temperature of lique- 
faction and aggregated in drops about the negative ions. The Jarger of 
these drops gravitate towards the sun and form clouds of the coma about 
the head, while the smaller are driven by the incidence of the sun’s light 
upon them away from the sun and form the tail. The curvature of the 
tail depends, as Bredichin has shown, on the rate at which the particles 
are driven, which in turn depends on the size and specific gravity of the 
particles, and these will vary with the density of the vapour from which 
they are formed and the frequency of the negative ions which collect 
them. In any case Arrhenius’ theory is a most suggestive one, not only 
with reference to auroras and comets, and the solar corona and chromo- 
sphere, but also as to the constitution of the photosphere itself. 


Various Low-Temperature Researches. 


We may now summarise some of the results which have already been 
attained by low-temperature studies. In the first place, the great majority 
of chemical interactions are entirely suspended, but an element of such 
exceptional powers of combination as fluorine is still active at the tempe- 
rature of liquid air. Whether solid fluorine and liquid hydrogen would 
interact no one can at present say. Bodies naturally become denser, but 
even a highly expansive substance like ice does not appear to reach the 
density of water at the lowest temperature. This is confirmatory of the 
view that the particles of matter under such conditions are not packed in 
the closest possible way. The force of cohesion is greatly increased at 
low temperatures, as is shown by the additional stress required to rupture 
metallic wires. This fact is of interest in connection with two conflicting 
theories of matter. Lord Kelvin’s view is that the forces that hold 
together the particles of bodies may be accounted for without assuming 
any other agency than gravitation or any other law than the Newtonian. 
An opposite view is that the phenomena of the aggregation of molecules 
depend upon the molecular vibration as a physical cause. Hence, at the 
zero of absolute temperature, this vibrating energy being in complete 
abeyance, the phenomena of cohesion should cease to exist, and matter 
generally be reduced to an incoherent heap of cosmic dust. This second 
view receives no support from experiment. 

The photographic action of light is diminished at the temperature of 
liquid air to about 20 per cent. of its ordinary efficiency, and at the still 
lower temperature of liquid hydrogen only about 10 per cent. of the 
original sensitivity remains. At the temperature of liquid air or liquid 
hydrogen a large range of organic bodies and many inorganic ones acquire 
under exposure to violet light the property of phosphorescence. Such 
bodies glow faintly so long as they are kept cold, but become exceedingly 

rilliant during the period when the temperature is rising. Even solid 
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air is a phosphorescent body. All the alkaline earth sulphides which 
phosphoresce brilliantly at the ordinary temperature lose this property 
when cooled, to be revived on heating ; but such bodies in the first 
instance may be stimulated through the absorption of light at the lowest 
temperatures. Radio-active bodies, on the other hand, like radium, which 
are naturally self-luminous, maintain this luminosity unimpaired at the 
very lowest temperatures, and are still capable of inducing phospho- 
rescence in bodies like the platino-cyanides. Some crystals become for a 
time self-luminous when cooled in liquid air or hydrogen, owing to the 
induced electric stimulation causing discharges between the crystal mole- 
cules. This phenomenon is very pronounced with nitrate of uranium and 
some platino-cyanides. 

In conjunction with Professor Fleming a long series of experiments 
was made on the electric and magnetic properties of bodies at low tempera- 
tures. The subjects that have been under investigation may be classi- 
fied as follows : The Thermo-Electric Powers of Pure Metals ; The 
Magnetic Properties of Iron and Steel; Dielectric Constants ; The 
Magnetic and Electric Constants of Liquid*Oxygen ; Magnetic Sus- 
ceptibility. ; 

The investigations have shown that electric conductivity in pure 
metals varies almost inversely as the absolute temperature down to minus 
200 degrees, but that this law is greatly affected by the presence of the 
most minute amount of impurity. Hence the results amount to a proof 
that electric resistance in pure metals is closely dependent upon the mole- 
cular or atomic motion which gives rise to temperature, and that the 
process by which the energy constituting what is called an electric current 
is dissipated esseutially depends upon non-homogeneity of structure and 
upon the absolute temperature of the material. It might be inferred that 
at the zero of absolute temperature resistance would vanish altogether, 
and all pure metals become perfect conductors of electricity. This con- 
clusion, however, has been rendered very doubtful by subsequent obser- 
vations made at still lower temperatures, which appear to point to an 
ultimate finite resistance. Thus the temperature at which copper was 
assumed to have no resistance was minus 223 degrees, but that metal has 
been cooled to minus 253 degrees without getting rid of all resistance. 
The reduction in resistance of some of the metals at the boiling-point of 
hydrogen is very remarkable. Thus copper has only 1 per cent., gold and 
platinum 3 percent., and silver 4 per cent. of the resistance they possessed 
at zero C., but iron still retains 12 per cent. of its initial resistance. 
In the case of alloys and impure metals, cold brings about a much smaller 
decrease in resistivity, and in the case of carbon and insulators like gutta- 
percha, glass, ebonite, &c., their resistivity steadily increases. The enor- 
mous increase in resistance of bismuth when transversely magnetised and 
cooled was also discovered in the course of these experiments. The study 
of dielectric constants at low temperatures has resulted in the discovery 
of some interesting facts. A fundamental deduction from Maxwell’s 
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theory is that the square of the refractive index of a body should be the 
same number as its dielectric constant. So far, however, from this being 
the case generally, the exceptions are far more numerous than the coinci- 
dences. It has been shown in the case of many substances, such as ice 
and glass, that an increase in the frequency of the alternating electro- 
motive force results in a reduction of the dielectric constant to a value 
more consistent with Maxwell’s law. By experiments upon many 
substances it is shown that even a moderate increase of frequency brings 
the large dielectric constant to values quite near to that required by 
Maxwell’s law. Itwas thus shown that low temperature has the same 
effect as high frequency in annulling the abnormal dielectric values. 
The exact measurement of the dielectric constant of liquid oxygen as 
well as its magnetic permeability, combined with the optical determina- 
tion of the refractive index, showed that liquid oxygen strictly obeys 
Maxwell’s electro-optic law even at very low electric frequencies. In 
magnetic work the result of greatest value is the proof that magnetic 
susceptibility varies inversely as the absolute temperature. This shows 
that the magnetisation of*paramagnetic bodies is an affair of orientation 
of molecules, and it suggests that at the absolute zero all the feebly para- 
magnetic bodies will be strongly magnetic. The diamagnetism of bismuth 
was found to be increased at low temperatures. The magnetic moment 
of a steel magnet is temporarily increased by cooling in liquid air, but the 
increase seems to have reached a limit, because on further cooling to the 
temperature of liquid hydrogen hardly any further change was observed. 
The study of the thermo-electric relations of the metals at low tempera- 
tures resulted in a great extension of the well-known Tait Thermo-Electric 
Diagram.. Tait found that the thermo-electric power of the metals could 
be expressed by a linear function of the absoluie temperature, but at the 
extreme range of temperature now under consideration this law was 
found not to hold generally ; and further, it appeared that many abrupt 
electric changes take place, which originate probably from specific mole- 
cular changes occurring in the metal. The thermo-electric neutral points 
of certain metals, such as lead and gold, which are located at or below 
the boiling-point of hydrogen, have been found to be a convenient means 
of defining specific temperatures in this exceptional part of the thermo- 
metric scale. 

The effect of cold upon the life of living organisms is a matter of great 
intrinsic interest, as well as of wide theoretical importance. Experiment 
indicates that moderately high temperatures are much more fatal, at least 
to the lower forms of life, than are exceedingly low ones. Professor 
McKendrick froze for an hour at a temperature of minus 182° C. samples 
of meat, milk, &c., in sealed tubes; when these were opened after 
being kept at blood heat for a few days, their contents were found to be 
quite putrid. More recently some more elaborate tests were carried out 
at the Jenner Institute of Preventive Medicine ona series of typical 
bacteria, These were exposed to the temperature of liquid air for twenty 
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hours, but their vitality was not affected, their functional activities re- 
mained unimpaired, and the cultures which they yielded were normal in 
every respect. The same result was obtained when liquid hydrogen was 
substituted for air. A similar persistence of life in seeds has been demon- 
strated even at the lowest temperatures ; they were frozen for over a 
hundred hours in liquid air, at the instance of Messrs. Brown and Escombe, 
with no other result than to affect their protoplasm with a certain inert- 
ness, from which it recovered with warmth. Subsequently commercial 
samples of barley, pea, vegetable-marrow, and mustard seeds were literally 
steeped for six hours in liquid hydrogen at the Royal Institution, yet 
when they were sown by Sir W. T. Thiselton Dyer at Kew in the ordinary 
way, the proportion in which germination occurred was no less than in 
the other batches of the same seeds which had suffered no abnormal treat- 
ment. Bacteria are minute vegetable cells, the standard of measurement 
for which is the ‘mikron.’ Yet it has been found possible to completely 
triturate these microscopic cells, when the operation is carried out at the 
temperature of liquid air, the cells then being frozen into hard break- 
able masses. The typhoid organism has been treated in this way, and 
the cell plasma obtained for the purpose of studying its toxic and immu- 
nising properties. It would hardly have been anticipated that liquid air 
should find such immediate application in biological research. A research 
by Professor Macfadyen, just concluded, has shown that many varieties of 
micro-organisms can be exposed to the temperature of liquid air for a 
period of six months without any appreciable loss of vitality, although at 
such a temperature the ordinary chemical processes of the cell must cease. 
At such a temperature the cells cannot be said to be either alive or dead, 
in the ordinary acceptation of these words. It is a new and hitherto un- 
obtained condition of living matter—a third state. A final instance of 
the applicaticn of the above methods may be given. Certain species of 
bacteria during the course of their vital processes are capable of emitting 
light. If, however, the cells be broken up at the temperature of liquid 
air, and the crushed contents brought to the ordinary temperature, the 
luminosity function is found to have disappeared. This points to the 
luminosity not being due to the action of a ferment—a ‘ Luciferase ’—but 
as being essentially bound up with the vital processes of the cells, and 
dependent for its production on the intact organisation of the cell. These 
attempts to study by frigorific methods the physiology of the cell have 
already yielded valuable and encouraging results, and it is to be hoped 
that this line of investigation will continue to be vigorously prosecuted at 
the Jenner Institute. 

And now, to conclude an address which must have sorely taxed your 
patience, I may remind you that I commenced by referring to the plaint 
of Elizabethan science, that cold was not a natural available product. In 
the course of a long struggle with nature, man, by the application of 
intelligent and steady industry, has acquired a control over this agency 


which enables him to produce it at will, and with almost any degree of 
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intensity, short of a limit defined by the very nature of things. But the 
success in working what appears, at first sight, to be a quarry of research 
that would soon suffer exhaustion, has only brought him to the threshold 
of new labyrinths, the entanglements of which frustrate, with a seemingly 
invulnerable complexity, the hopes of further progress. In a legitimate 
sense all genuine scientific workers feel that they are ‘ the inheritors of 
unfulfilled renown.’ The battlefields of science are the centres of a per- 
petual warfare, in which there is no hope of final victory, although 
partial conquest is ever triumphantly encouraging the continuance of the 
disciplined and strenuous attack on the seemingly impregnable fortress of 
Nature. To serve in the scientific army, to have shown some initiative, 
and to be rewarded by the consciousness that in the eyes of his comrades 
he bears the accredited accolade of successful endeavour, is enough to 
satisfy the legitimate ambition of every earnest student of Nature. The 
real warranty that the march of progress in the future will be as glorious 
as in the past lies in the perpetual reinforcement of the scientific ranks by 
recruits animated by such a spirit, and proud to obtain such a reward. 
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Heperiments for improving the Construction of Practical Standards for 
Electrical Measurements.—Report of the Committee, consisting 
of Lord RayLeicH (Chairman), Dr. R. T. GLAZEBROOK (Secretary), 
Lord Ketvin, Professors W. E. Ayrton, J. Perry, W. G. 
Apams, and G. Carey Foster, Sir OLIVER J. LopaEr, Dr. A. 
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Dvunrine the past year the apparatus belonging to the Association has been 
removed to and set up at the National Physical Laboratory at Bushy 
House. A room in the basement has been fitted for accurate resistance 
work. By means of a thermostat the temperature can be kept under very 
complete control, and the room has proved most suitable for its purpose. 
In it the resistance standards of the Association have been set up, anda 
number of comparisons have heen made by Mr. F. E. Smith. Particulars 
as to the results of these comparisons can best be given at a later date, 
when the mercury standards now in course of construction have been 
set up. 

The work of setting up the mercury standards of resistance has been 
further advanced. A number of tubes, both of verre dur and of Jena 
glass, 16'"’, have been calibrated by Mr. Smith. When the final corrections 
to the weights used have been obtained from the Bureau International it 
will be possible to complete these and to determine the values of the 
platinum-silver and manganin standards in terms of the mercury unit. 

From the resistance-room a cellar—formerly the wine-cellar of Bushy 
House—opens, and in it work requiring an extreme constancy of tem- 
perature can be carried on. 

In this room Mr. Smith has set up a number both of Clark and also 
of Weston cells, and comparisons between these have been carried on 
systematically. 

Discrepancies of a considerable amount have been found between cells 
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set up in the same manner, but from materials supplied by various makers, 
and these have been traced to the mercurous sulphate. The observers at 
the Reichsanstalt have come to a similar conclusion.!. Dr. Carpenter and 
Mr. Smith are now engaged in experiments at the National Physical 
Laboratory, the results of which, it is hoped, will enable them to specify 
a method of preparing mercurous sulphate which will lead to consistent 
results for the E.M.F. of the cells. 

The air-condensers belonging to the Committee have been set up, and 
a number of determinations of their capacity have been made by Mr. 
Campbell. The results of these, though at present they are only to be 
treated as provisional, show that the condensers are in good order, and 
have suffered no damage by their journeys first to Liverpool and then to 
Richmond. ‘he capacity of one is nearly the same as when at Cam- 
bridge ; that of the other has altered very slightly. With a view of 
establishing a standard of capacity a number of other comparisons between 
the standards of the Association and those of Dr. Muirhead are in 
progress. 

In this comparison work some difficulty has arisen from the fact that 
all the resistance-boxes belonging to the Association are of platinum- 
silver. Thesmall temperature coefficient of manganin gives that material 
a very distinct advantage, and the Secretary has been endeavouring to 
use it whenever possible. It would be of great service for this part of the 
work to have a subdivided megohm-box in manganin, and the Committee 
trust that funds for this nay be forthcoming. They hope in their next 
report to give a detailed account of the condenser experiments. 

The construction of platinum thermometers as standards for high 
temperature thermometry has made some progress. The National Phy- 
sical Laboratory was not opened until March, and the work of setting up 
the apparatus, carrying out the necessary calibrations, &c., has occupied 
most of the time of the assistants since then. 

After some further experiments however, to test the purity of the wire 
it was proposed to use had been carried out, a stock of eight ounces of wire 
of the highest purity and of a thickness varying from six to eight 
mils has been bought from Messrs. Johnson & Matthey, while four 
ounces of the same wire, but of twenty-two mils in thickness, suitable 
for leads or for drawing down to special sizes, have also been secured ; and 
six thermometers are in course of construction in the workshops of the 
Laboratory under Dr. Harker’s supervision. 

Of these six thermometers two of five ohms fundamental interval will 
be hermetically sealed in glass tubes, and will serve as standards for low- 
temperature work ; a second pair, having an interval of one ohm, in tubes 
of hard glass—probably Jena—59’’—will serve for temperatures up to 
550° C., while the third pair, also of one ohm interval, in porcelain 
tubes, will be employed up to 1100° or 1200° C. It is hoped by the use 
of quartz to extend the range of temperature considerably, and some ex- 
periments are in progress with this object. 

Two electrical resistance ovens have been built by Dr. Harker for 
high-temperature work, and these serve their purpose admirably. 

The grants voted during the past two years have been expended on 
the purchase of the materials for the platinum thermometers, and addi- 
tional sums are necessary to complete their manufacture. 


' Thitigheit der Phys.-Tech.-Iteichsanstalt, 1901-1902. 


— 


lO 


PRACTICAL STANDARDS FOR ELECTRICAL MEASUREMENTS. ays) 


With regard to the construction of the ampere balance the Committee 
are sorry that they cannot report progress ; they have learnt with extreme 
regret of Professor Ayrton’s ill-health during part of the year, but are glad 
to know that he believes he will be able to continue his investigations 
into this important question, and they have therefore reason to hope 
the matter will be advanced. 

In this work the late Principal Viriamu Jones was closely associated 
with Professor Ayrton, and it is a source of great pleasure to the Com- 
mittee to know that, through the generosity of the Drapers’ Company, 
his name and connection with Electrical Measurements will be perpetuated 
at the National Physical Laboratory. The Company had promised to 
Principal Jones the funds for the construction of an improved Lorenz 
apparatus for the determination of the ohm, and they have intimated to 
the Committee of the Laboratory their intention to place 700/. at the 
Executive Committee’s disposal for the construction of such an apparatus 
in his memory under the superintendence of Professor Ayrton and the 
Director of the National Physical Laboratory. The Secretary states that 
steps have already been taken to obtain designs for the instrument. 

At the Meeting in Belfast Sir William Preece drew the attention of 
the Commitee to the work of the Standardisation Committee of the 
Engineering Societies, and expressed the hope that in his capacity as chair- 
man of the electrical branch of that committee he might have the assist- 
ance of the Electrical Standards Committee. The Secretary was instructed 
to afford all the assistance in his power. 

Reference was also made to the definition of the unit of heat, and the 
Secretary was requested, with the assistance of Mr. Griffiths, to draw up 
an Appendix to the Report dealing with this. The Committee expressed 
the strong hope that any unit of heat formally accepted by engineers 
should be based on the C.G.S. system of units. 

In conclusion the Committee recommend that they be reappointed, 
with a grant of 75/., to be used for the establishment of a standard 
of capacity and for the construction of standard platinum thermometers ; 
that Lord Rayleigh be Chairman and Mr. R. T. Glazebrook Secretary. 


APPENDIX. 
On the Definition of the Unit of Heat. 


The question of the definition of the unit of heat has been before the 
Committee on various occasions. 

In 1896, at the Liverpool Meeting, after an exhaustive discussion and 
the consideration of letters from scientitic men in all parts of the world, 
the following propositions were provisionally approved :— 


_ Proposition I.—For many purposes heat is most conveniently measured 

in units of energy, and the theoretical C.G.S. units of heat is one erg. The 

th ‘joule’ has been given by the Electrical Standards Committee to 
ergs. 

For many practical purposes heat will continue to be measured in 
terms of the heat required to raise a measured mass of water through a 
definite range of temperature. , 

If the mass of water be one gramme, and the range of temperature 1° C. 
of the hydrogen thermometer from 9°-5 C. to 10°-5 CO. of the scale of that, 
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thermometer, then, according to the best of the existing determinations. 
the amount of heat required is 4-2 joules. 

It will therefore be convenient to fix upon this number of joules as 
a secondary unit of heat. 

This secondary thermal unit may be called a ‘ calorie.’ 

For the present a second proposition is— 


Proposition IJ.—The amount of heat required to raise the tempera- 
ture of one gramme of water 1° C. of the scale of the hydrogen thermometer 
at a mean temperature which may be taken as 10° C. of that thermo- 
meter is 4:2 joules. 

If further research should show that the statement in II. is not 
exact, the definition could be adjusted by a small alteration in the mean 
temperature at which the rise of 1° takes place. The definition in I. and 
the number (4:2) of joules in a calorie would remain unaltered. 


These propositions, it will be observed, while reaffirming the names 
‘joule’ as the equivalent of 107 ergs, and calorie, the equivalent of 4:2 joules, 
as the amount of heat required to raise the temperature of one gramme of 
water one degree centigrade on the hydrogen scale, leave undetermined 
the mean temperature of the water so raised. Proposition II. states that. 
this may be taken as 10° C., but it is pointed out that if the heat required 
to raise one gramme of water from 9°-5 to 10°-5C. should prove not to 
be 4:2 joules, a readjustment in the mean temperature employed in the 
definition could easily be made. 

Accordingly in the Report, 1897, made at Toronto the Committee 
wrote :— 


‘At the Liverpool Meeting the committee agreed that the “calorie,” 
defined as the heat equivalent of 4:2 x 107 ergs, should be adopted as the 
unit for the measurement of quantities of heat, but the question as to 
the exact part of the absolute thermodynamic scale of temperature at 
which this quantity of heat could be taken as equal to one water-gramme- 
degree was for the time being left open. 


‘ This resolution has made it incumbent on the Committee to consider 
carefully— 


‘1. The relation between the results of measurements of intervais of 
temperature by accepted methods and the absolute scale. 

‘2. The specific heat of water in terms of the erg and its variation with 
temperature. 


‘With regard to the first point there appears to be no reason to doubt 
that the scale of a constant-volume hydrogen thermometer is very nearly 
identical with the absolute scale. The Committee have therefore decided 
to recognise the standard hydrogen thermometer of the Bureau Inter- 
national des Poids et Mesures as representing, nearly enough for present 
purposes, the absolute scale. This convention has at least the advantage 
of giving a definite meaning to statements of the numerical value of inter- 
vals of temperature within any range for which comparison with the 
hydrogen thermometer is practicable. If future investigation should 
show that it is inaccurate to any appreciable extent, corresponding cor- 
rections can be applied when necessary.’ 


As regards the second point further research has shown that an 
alteration in the temperature of measurement is required. The present 
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position has been summed up by Principal Griffiths in the ‘ Rapports 
présentés au Congrés International de Physique,’ Paris, 1900, tome i., and 
in his Lectures on ihe Thermal Measurement of Energy.' They are 
also summarised by Professor Everett in the latest edition of his work, 
‘C.G.8. Units and Constants.’ 

The following table, taken from Professor Everett’s work, gives the 
results adopted by Principal Griftiths. 

From this it follows that the heat required to raise a gramme of water 
1° on the hydrogen scale is 4°2 joules when the size of temperature is 
from 7°:2 C. to 8°-2 C. Thus according to this the 10° C. of Proposition IT. 
should be 7°-7 C., and a calorie would be the heat required to raise a 
gramme of water 1° of the hydrogen scale from 7°-2 to 8°-2 of that scale. 


Tables of Mechanical Equivalents in Joules, 


1 joule = 10’ ergs. 
Rowland, reduced by Day. Hydrogen scale. 


° ° i fo) ° | 
5 4-205) || 13 }° #191 |] Bt 4-180 21) A174 | 
6 4:203 ie weld o)| 4-189 22 | 4179 30 4-174 
fi 4-201 Pal’ 4-188 1 28 4178 bl 4174 | 
8 4199 | 16 4186 || 24 4177 32 4174 | 
9 4198 17 4-185 |, 25 4176 | 33 4174 | 
10 4:196 18 4184 || 26 4-176 34 4-174 
al 4:194 |} 19 4182 | 22, | 4:175 35 4175 
12 4-192 1 20 4181. |) 28 4-175 36 4175 
Day Barnes Barnes | Griffiths | 
ay Hyd. Air | Hyd. adopted 
oP | | 

0 — — -- [4:219] 

5 [4°205] | 4:210 | 4-213 4°206 . 
10 4196 | 4-198 4°200 4-195 ) 
16 4188 | 4189 | 4191 4:187 
20 4181 4184 4185 4181 | 
25 4176 4-180 | 4-180 4176 | 
30 4-174 4178 4:178 4174 | 
35 4175 4177 4177 4173 | 
40 — 4:177 4177 4-178 
45 _ . 4178 4178 4173 | 
50 —_— | 4-180 4178 4-174 
55 — 4182 4-181 4-176 
60 — 4184 4-183 4-178 
65 — 4187 4:185 4181 
70 —_— 4-190 1 4188 4184 
RD. del — 4-192 | 4191 4-187 
so | — 4-195 | 4:195 4-190 
85 — 4-195 | 4198 4:193 
90 -- 4:201 | 4201 4:197 
95 —_— 4204 4°205 4-201 

100 — _ | = [4205] 
Mean, giving half-weight to 0° and 100° 41854 


1 Cambridge University Press, 1901. 
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The results of a series of observations on the heat required to raise a 
gramme of water from 0° C. to 100° C. were published by Reynolds and 
Moorby in 1897. The quantity necessary is proved to be 418-4 joules. 
Thus the mean heat required to raise a gramme 1° C. for temperatures 
between 0° and 100° is 4:184 joules. This number is not far from the 
4:2 joules adopted in 1896 as the number of heat units in a calorie. 
Accordingly the suggestion has been made that it would be convenient 
to change the definition of a calorie and take it to be one-hundredth part 
of the heat required to raise one gramme of water from 0° C. to 100° C. 
In this case, according to the mean number adopted by Griffiths (see 
table), one calorie would be equal to 4:1854 joules, while according to 
Reynolds and Moorby it would be 47184 joules, while the degree centi- 
grade through which it would be necessary to raise one gramme of water 
in order to absorb an amount of heat equal to one calorie would be from 
17° to 18° C. 

If this view were taken, then instead of Proposition II. of 1896 we 


should read :— 


One calorie is the amount of heat required to raise the temperature of 
a gramme of water from 17° C. to 18° C, on the scale of the hydrogen 
thermometer, and is equal to 4-184 joules. 

It should be noted, however, that the Committee have not as yet taken 
any resolution on the point, and that formally the propositions accepted 
in 1896 and reprinted above are those which they have approved. 

It should also be mentioned that in deference to international repre- 
sentations the use of the word ‘therm’ was withdrawn in 1896, the name 
being replaced by the word ‘ calorie.’ 


Comparing and Reducing Magnetic Observations—Report of the 
Committee, consisting of Professor W. G. ApaAms (Chairman), Dr.. 
C. CuREE (Secretary), Lord KELvin, Professor G. CHRYSTAL, Pro- 
fessor A. ScHUSTER, Captain E. W. Creax, the ASTRONOMER 
Royau, Mr. Wituiam ELuis, and Sir A. W. R&CKER. 


TuE Committee have been in existence since 1885, and have exerted a 
beneficial and important influence on terrestial magnetism. Questions 
connected with the comparison and reduction of magnetic observations do 
not now, however, seem naturally to come under the cognisance of the 
Committee. Of late years the reports have really been papers, for which 
individual members have been responsible, and which have called for no. 
corporate action. The creation of an international committee naturally 
affords a more direct means of communication between the observers 
of different countries, whilst the existence of the journal ‘Terrestrial. 
Magnetism’ affords a means of reaching with greater certainty the 
limited class really interested in the subject. Under these circum-. 
stances it seems best that the Committee should not ask for reappoint- 
ment. 
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Seismological Inw estigations.—Seventh Report of the Committee, consist- 
ing of Professor J. W. Jupp (Chairman), Mr. J. Mine (Secretary), 
Lord Ketvin, Professor T. G. Bonney, Mr. C. V. Boys, Professor 
CMM ek Darwiy, Mr. Horace Darwin, Major L. Darwiy, Professor 
J. A. Ewi1xc, Dr. R. T. Guazesroox, Professor C. G. Knott, 
Professor R. Metpoua, Mr. R. D. O_puAmM, Professor J. PERRY, 
Mr. W. E. PiLummer, Professor J. H. Poyntinc, Mr. CLEMENT 


Rew, Mr. Netson Ricwarpson, and Professor H. H. TURNER. 
(Drawn up by the Secretary.) 
Prate I. 
CONTENTS. 

PAGE 
I. On Seismoloyical Stations abroad and in Great Britain. , ‘ (Oo 
II. The Instruments in use at Shide . : GC) 
Ill. The Origins of the Earthquakes recorded in 1899, 1900, and 1901 : On 
iV. Duration of the First Preliminary Tremors 64 

V. Time Curves for Harthquakes recorded during the four 4 years ending 
December 31,1900. 65 

VI. The Comparison of the Records obtained from three horizontal pendulums 
at Shide . : : : : 4 é é : : d 5 hele! 
VII. Clinometric Experiments : : : 5 t ; : 2780 
ViIL. Vertical Spring Scismograph Ewperiments : 4 : - . - Sebi 
IX. On the Nature of harthquake Movement. : Aa 
X. Relationship hetween Rockfolding, Seismic, and Volcanic Activities 5 q2, 

XI. On the Comparison of Earthy aya Registers from Shide, Kew, Bidston, and 
Edinburgh : 73 
XIL. Experiments at the Ridge ay Fault. By Horace DARWIN. : pte 


I. On Seismological Stations abroad and in Great Britain. 


SeismocrapHs of the type recommended by the Seismological Investiga- 
tion Committee of the British Association have been constructed for and 
in most instances are already established at the following stations :— 


1. Africa. Cape Town. | 22. Mexico Mexico. 

2. oe . Cairo. | 23. New Zealand Wellington. 
3. Australia. Melbourne. | 24, nf Christchurch. 
4A. s Sydney. 25. Portugal Coimbra. 

5. Perth. | 26. Russia Irkutsk. 

6. Azores (2 instruments). Me isl os Tiflis. 

7. Canada Toronto. tt 2Bisic sy Taschkent. 
ce Vic'oria, B.C. | 29. Scotland Edinburgh. 

9, Ceylon Colombo. 30. F Paisley. 

10. England . Shide, Isle of Wight. 31. S. America Cordova 

jig tt . . Kew, (Argentina). 
12. us . Bidston. 32. mA Arequipa. 

13. Germany . Strasburg. 33. Spain San Fernando. 
14. Hawaii Honolulu. 34. Syria : Beyrut. 

15. India Calcutta. | 3h, Trinidad. 

RG. 55 Madras, Kodaikanal. 36. U.S.of America Philadelphia. 
alae 5 Vizagapatam, | 37. % Baltimore. 
Wes 5; Bombay. 38. Antarctic 

19 Java Batavia. Regions _ ss. ‘ Discovery.’ 
20. Japan Tokio. 

21. Mauritius loyal Alfred Observa- 

tory. 


Circulars Nos. 4 and 5 


The last registers issued by the British Association Committee are 
These refer to Shide, Kew, Bidston, Edinburgh, 
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Strasburg, Toronto, Victoria (B.C.), San Fernando (Spain), Cairo, Cape of 
Good Hope, Calcutta, Bombay, Kodaikanal, Batavia, Trinidad, Balti- 
more, Mauritius, Perth, and Irkutsk. To these is added a list of local 
earthquakes observed in 1901 in Japan. A _ register of earthquakes 
observed by Mr. G. Hogben at Wellington, in New Zealand, commencing 
October 3, 1900, will appear in the next Circular. It is expected that 
these will be supplemented by a corresponding register drawn up by 
Mr. Coleridge Farr, of Christchurch, in New Zealand. Mr. Hogben is 
inclined to the opinion that many of his records refer to disturbances 
originating in the Antarctic regions, and these he has arranged to 
exchange by means of the relief expedition with those which may have 
been obtained by the Janding party from the ss. ‘ Discovery.’ 

The last instruments despatched were those sent to Mr. F. A. Chaves, 
Director of the meteorological station at St. Michael, in the Azores. 
They left the maker, R. D. Munro, Granville Place, King’s Cross Road, 
London, on May 16 of this year. 


Il. Zhe Instruments regularly in use at Shide. 


1. A photographing recording horizontal pendulum oriented north 
and south. This is the type of instrument similar to those in use at the 
other stations. It is adjusted to have a period of seventeen seconds, and 
with this adjustment a 4° turn of the calibrating screw results in a 
deflection of the outer end of the boom of 14mm. _ As in all instruments 
a 1° turn of the screw causes a tilt of 1/9, the above adjustment means 
that a deflection of 1 mm. at the outer end of the boom is equivalent to 
a tilt of 0/54. This stands on a brick pier 18 inches square and 
4 feet high above its footings, which rest on a beds of concrete above 
the chalk formation. 

When a rope is placed round this column 2 inches below its upper 
edge, and this is pulled, the deflection of the upper surface of the column 
is equivalent to 0'-095 per 1-lb. pull. 

For certain experimental purposes this adjustment of 14 mm. deflec- 
tion for 4° turn of the calibrating screw is the one now adopted at Kew, 
Bidston, and Edinburgh (see p. 75). If the instrument is regarded as 
a ‘steady point’ seismograph, and records horizontal motion, such motion 
is theoretically multiplied 6-7 times. 

2. A pair of pendulums similar to the above oriented north-south and 
east-west. This instrument is referred to under.the name of its donor, 
Mr. A. F. Yarrow. The booms of this instrument swing on the same 
vertical upright. The one recording north-south motion has the same 
dimensions as those of the type instruments. The other boom, recording 
east-west motion, is only 55 inches in length ; but there is cranked to 
it at right angles a light recording pointer, the arrangement being 
similar to that shown in fig. 1. By this device the records of two com- 
ponents of motion are obtained side by side upon the same band of 

aper. 

This instrument is installed in a building about 50 yards distant 
from that in which the type instrument is placed. It stands upon a 
rectangular brick column, the east-west dimension of which is 18 inches, 
and the north-south dimension is 37 inches. This is 5 feet 3 inches 
in height above its footings. Its deflection constant, determined as 
above, is in an east-west direction, 1-lb. pull = 0:14. In a north-south 


ON SEISMOLOGICAL INVESTIGATION, 61 


direction, as inferred from experiments upon other similar columns, the 
deflection per 1-lb. pull will probably be one quarter of the above, or 
0-035. 

3. A pair of horizontal pendulums writing on smoked paper. The 
booms of these pendulums, which are made of bicycle tubing, are each 
1-030 m. in length and carry at their outer ends 80-lb. weights. The 
vertical support for these pendulums is a lamp-post bedded in concrete. 
The vertical distance between the top of the ties which carry the weights 
at the ends of the booms and the points where the inner ends of the 
booms pivot against blocks attached to the lower part of the lamp-post is 
7 feet. 115 inches. As at present adjusted a motion of the outer end of 
the boom oriented north-south is by means of a light lever multiplied 
six times, whilst the movement of an arm cranked to the east-west boom 
is by a similar arrangement multiplied sixteen times. 

A plan of the arrangement is shown in fig. 1. The dimensions are in 
millimetres. 


Fic. 1.—Measurements in Millimetres. 


From these dimensions it follows that if each boom were tilted equally 
the diagram for thé north-south boom should be 3:1 times greater than 
that given by the east-west boom. 

If the weights carried by the boom be regarded as centres of oscilla- 
tion the multiplication of horizontal motion can be calculated from the 
dimensions given in fig. 1. 

This instrument takes the place of a pair of horizontal pendulums 
which carried weights of 10lb. This instrument, a spiral spring seismo- 
graph, and a large balance arranged to record tilting, which are referred 
to in the Report for last year, are no longer in use. The character of 
the records obtained from the last two of these instruments is referred 
to on pp. 70 and 71. 


Ill. The Records of the Years 1899, 1900, and 1901. 


In the Report of the British Association for 1900, on p. 70, a map is 
given showing the origins from which the earthquakes recorded in Britain 
during the year 1899 had radiated. These origins were determined by 
methods explained on pp. 79 and 80 of that report. The accompanying 
map, fig. 2 (Plate I.), gives a similar distribution—each carthquake being 
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referred to by its numbers in the Shide register—for the records obtained 
in the years 1900 and 1901. An attempt has been made to place these earth- 
quakes in groups, each group being enclosed by a dotted line. Altogether 
there are twelve such groups which on the map are indicated by the first 
twelve letters of the alphabet. A glance at this map shows that certain 
of these groups, like B and C, overlap, whilst there are many instances 
where origins are placed outside the boundaries of any of the groups. 
It is therefore likely that when the data on which these groupings are 
based become more complete the same will be subjected to modifications. 
The large numerals indicate the number of earthquakes which originated 
in the districts marked A, B, C, &c., in the years 1899, 1900, and 1901. 
The notched bands give the direction of prominent ridges on the face of 
the globe, whilst the dotted areas are the ‘deeps’ or depressions in the 
beds of various oceans exceeding 3,000 fathoms in depth. 

That there is a relationship between the distribution of the origins of 
large earthquakes and the pronounced irregularities on the surface of the 
earth will be seen from the following notes. 

A. Alaskan Region (number of earthquakes 25).—The average depth 
of the water in this bight is about 2,000 fathoms, but in its northern 
part depths of 2,200 fathoms have been found within sixty miles of 
the shore. On this shore Mount St. Elias rises to a height of 18,000 
feet. An average slope from the land to the sea on a north south line 
can be found which exceeds 100 feet per mile. This is over a distance 
of 180 miles. 

On the face of this and neighbouring slopes during the last three years 
it is probable that molar displacements of great magnitude have taken 
place. On September 10, 1899, in the island of Kanak, opposite Yakuta, 
a graveyard sank so that on the next day a boat was able to row over 
the place where it had been, and the tops of the submerged trees could be 
seen. Many of the earthquakes from this region have yielded large 
seismograms at the Cape of Good Hope, which is antipodean to Alaska. 
We have here a district partly belonging to the Alutian ridge, off the 
southern shores of which within eighty miles of land depths of 4,000 
fathoms have been noted, where orogenic processes are now marked the 
extent of which will probably be gauged by future soundings. 

B. Cordillerean Region (number of earthquakes 14).—This region 
forms the western side of the Mexican plateau and the Cordilleras. Just 
south of the 20° parallel a depth of 2,800 fathoms has been found within 
forty miles of the shore, whilst depths exceeding 2,000 fathoms have been 
found a little over 100 miles from the land, somewhat farther to the south. 
Although there are peaks in these regions rising to heights close upon 
18,000 feet, the average height of the ranges does not greatly exceed 
6,000 feet. There are, therefore, in this region slopes of 180 to 570 feet 
per mile, and the instability of these is testified by the frequency of 
their yieldings. 

C. Antillean Region (number of earthquakes 16).—Here we have at 
least two ridges to consider—that of Cuba, Haiti, and Puerto Rico 
running east and west, and that of Grenada, St. Vincent, Martinique, 
Dominica, and other islands running north and south. The east-west 
ridge slopes steeply to the north into water which north of Puerto Rico 
attains a depth of 4,000 fathoms, and to the south into water 2,500 fathoms 
in depth. These depths are respectively found at distances of sixty and 
forty miles off land and indicate slopes of 400 and 375 feet per mile. With 
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the north-south ridge the slopes to the west over a short distance like 
twelve miles is 1,000 feet per mile, whilst to the eastwards it is compara- 
tively gentle. If these gradients be measured in lengths of 200 miles the 
slopes are about 70 feet per mile. 

D. Andean District (number of earthquakes 12).—At many points on 
the west coast of South America, within fifty miles of the shore, depths of 
from 2,000 to 4,000 fathoms occur, which correspond to graclients of from 
250 to 480 feet per mile. Within a distance of 150 miles from the shore 
the land rises to a height of 12,000 feet, so that the gradients from them 
to the bottom of the neighbouring ocean may be taken at 120 to 180 feet 
per mile. 

E. Japan District (number of earthquakes 29).—To the east of 
Northern Japan and the Kuriles, at a distance of about 180 miles off shore, 
depths of 4,000 and even 4,600 fathoms are found, indicating gradients of 
130 to 150 feet per mile, and from observations made in Japan it is known 
that many of the large earthquakes originate on the face or at the bottom 
of these slopes. 

F. Javan District (number of earthquakes 41).— Off the south-west coast 
of Sumatra and the south coast of Java, at distances of from eighty to 100 
miles, depths of from 2,000 to 3,000 fathoms occur. The straits on the 
opposite shores of these islands. are shallow, seldom exceeding thirty 
fathoms. Eastwards, from Java as far as Ceram, soundings between 
1,000 and 2,000 fathoms are frequent. At one point fifty miles south 
of the latter island there is a depth of 4,000 fathoms. from this 
particular ‘deep’ on September 29, 1899, a displacement took place the 
effects of which were partially visible by subsidences on the southern coast 
of Ceram. In this district the sub-oceanic irregularities in contour are 
as irregularly distributed as the islands which form their outcrops. 

G. Mauritian District (number of earthquakes 17).—The origins for this 
group of earthquakes are not well defined. They are probably related to 
the depression lying between the ridges represented by the Laccadives 
and Maldives on the east, and the Seychelles and Mascarine Islands to 
the south-west. 

H. North-eastern Atlantic (number of earthquakes 22). 

I. North-western Atlantic (number of earthquakes 3). 

J. North Atlantic (number of earthquakes 3). 

The earthquakes originating in these districts have been few in number, 
comparatively small, and their origins are not well defined. Although a 
ridge is marked as extending up the Atlantic, it is comparatively small, 
and even in the vicinity of the Azores it is difficult to find a gradient over 
a distance of 180 miles which exceeds 33 feet per mile. 

K. Alpine, Balkan, Caucasian, Himalayan Districts (number of earth- 
guakes 14).—Strictly speaking this region, which is the only one from 
which earthquakes originate on a Jand surface, might be divided into four 
or more sub-regions according to the direction of the strike of the ridges 
which each represents. 

The most pronounced foldings are in the eastern part of these districts 
where in distances of 100 miles gradients of 120 feet per mile can be 
found, and it is from these steep slopes that the larger earthquakes have 
originated 
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IV. Duration of the First Preliminary Tremors. 


In seismograms from the Milne horizontal pendulum the first 
preliminary tremors, which usually appear as a thickening of the normal 
trace, are only seen in connection with fairly large disturbances. The 
reason for this is at least twofold : first, as a recorder of elastic vibrations 
the multiplication of the instrument is low, with the result that when 
these vibrations are minute they may be lost in the thickness of the 
trace ; and second, because as the recording surface only moves at a rate of 
1 mm. per minute it is difficult to measure very small intervals of time. 
For ‘near’ earthquakes, therefore, the seismograms usually show a dis- 
turbance commencing suddenly, and the duration of the preliminary 
tremors connected with the same can only be inferred by the continuation 
of the curve of the durations of the movements as recorded at distant 
stations backwards towards its origin. It is satisfactory to notice 
that these inferred durations closely agree with actual measurements 
of the same made by seismographs adapted to record ‘ near’ earthquakes. 

The following four tables give the durations of preliminary tremors 
in minutes for earthquakes originating near Japan, Mexico, Alaska, or in 
the East Indies as recorded at Shide, Kew, Toronto, Victoria (B.C.), 
Bombay, Batavia, Mauritius, Madras, and the Cape of Good Hope. 

' The number following a duration and placed in parenthesis is the 
number of the earthquake as entered in the Shide register. For districts 
see map, fig. 2 (Plate I.). 


Origins West of Alaska (District A). 


Victoria, B.C. . . Distant 20°. - Durations 3 (344), 2 (845), 7 (454). 

acne ee ago, SIS » 5 (282), 8 (309), 6 (333), 6 (337), 
7 (341), 5 (442), 10 (454). 

Shide, LW... JRE uk » 11 (282), 5 (333), 6 (341), 8 (344), 
8 (442), S (454). 

i a ae Pe ia » 8 (333), 7 (337), 9 (338), 10 (442). 

San Fernando(Spain) ,, 77°. ; e 9 (809), 9 (837), 9 (442). 

Bombay. . Aude) eee 10 (309), 10 (454). 

Batavia . ; : ate HOSE. : % 9 (454). 

Origins in or near Mexico (Districts B and ©). 

Victoria, B.C. . . Distant 50°. . Durations 6 (381), 4 (445), 4 (447), 4 (472), 
7 (483). 

Toronto. . . Bek aren » (250), 3 (294), 6 (381), 6 (407). 


5 (415), 3 (422), 5 (445), 4 (447), 
4 (455), 7 (472). 


Shide, IW. . : Aah aves 53 15 (157), 4 (189), 9 (215) 10(248), 
8 (294), 10 (407), 10 (455) 

Kew : : : TRS ave : 5 9 (250), 10 (381), 11 (407), 9 (445), 
10 (455). 

San Fernando (Spain) - 86°. ; & 10 (294), 10 (381), 7 445). 

Cape of Good Hope. 36, pal Shae / & 8 (445). 

Bombay . : , eee . “ 10 (483). 

Batavia . : : ee hoo ee ‘ A 8 (483). 

Origins near Japan (District 1). 

Victoria, B.C. . . Distant 60°. . Durations 8 (364), 8 (514), 8 (516). 

Bombay . c 5 nO : as 9 (864). 

Shide. LW. . : est: : 3 8 (317), 10 (866), 7 (405), 10 (450), 
10 (514), 10 (516) 

Kew » 5 c 5 iat : a 10 (514). 


Toronto . f C Cree SLO : 9 (864) 
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Origins in the East Indies (District F). 
Batavia . . . Distant! 22°. - Durations 5 (441), 10 (505). 


Bombay . : : Oe mK » , 8 (347), 10 (435), 7 (505). 
Mauritius P = aa) Waloce : sie 00824). 

Cape of Good Hope #1 10bo', - FS 12 (377). 

Victoria, B.C.. - = Hse * a5 10 (324), 9 (347), 8 (354) 9 (377), 
A) ae Ga | ia a » 7 (183),4 (134), 10 (324), 5 (347), 

.10 (355), 12 (404), 13 (460), 

Kew 2 - : Fela | aes 3 e 14 (505). 

Toronto . b s a viel Uc. . % 10 (824). 


Average values for the above durations which represent the intervals 
in minutes by which the preliminary tremors have outraced the second 
phase of motion at distances of 20, 30, 40, 50, 60, 70, 80, 90, and 100 
degrees from their origins are, 4, 4°5, 6:5, 7:2, 8, 8:5, 9, 9:5, and 9:7 
minutes. The materials to continue plotting the curve represented by 
these figures, which is shown in fig. 3, indicate that ten minutes is 
approximately the limit by which the second phase of motion is 
outraced by the preliminary tremors, and this limit is reached at a 
distance of ninety to 100 degrees from an origin. 


V. Time Curves for the Earthquakes recorded during four years 
ending im 1900. 


In the British Association Report for 1900, p. 67, time curves for 
the large waves and preliminary tremors of earthquakes recorded at 
long distances from their origins are given. These curves are based 
upon records obtained from Milne horizontal pendulums prior to the 
year 1900. In fig. 3 similar curves, together with a curve for the 
second phase of earthquake motion, are given for observations made 
in 1900. The curve for the second phase of motion, which corresponds to 
a curve given by Mr. R. T. Oldham,! was obtained by adding the time 
ordinates of the lowest curve in this figure, discussed in the previous 
section, to those of the time curve for the preliminary tremors. It is of 
interest to note that this curve would closely correspond with a curve 
representing the mean position of the signs x which are direct measure- 
ments of the time taken by the second phase of motion to traverse 
varying distances, and are not included in the materials upon which the 
lowest curve is based. 

The individual observations relating to large waves are indicated by 
small crosses (+), whilst those referring to the preliminary tremors are 
marked by small circles. It is clear that the concordance between these 
and their average position as represented by the curves is not so close as 
could be desired. They do not dispose of the indication based on prior 
observations that the apparent velocity of Jarge waves is not uniform, 
but may be at its maximum in quadrantal regions. Also, as has been 
shown in the time curves published in 1900, we see that the apparent 
velocity of preliminary tremors may also be increased in regions 60° to 
90° from their origin. 

Dr. C. G. Knott writes about these observations as follows :—‘The 
other day I took another and more careful look at your curves, and I must 
confess that they bear out your old view of the large waves being surface 
waves better than anything else. The large wave curve is a straight line, 
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Fic. 3.—-Time curves for earthquakes recorded between 1896 and 1900 inclusive. 
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and though we could formulate a law which would make through-earth 
waves reach the different points of the surface in times proportional to 
the arcs, yet it would be a most complicated and improbable law. There 
is no doubt the surface run fits in admirably. I always had great diffi- 
culties about it, but “facts are chiels that winna ding,” and the most 
obvious interpretation of your curve is your old view of surface waves. I 
never could bring myself to believe in the transition of such small oscilla- 
tions through the heterogeneous crust. It is conceivable, however, that 
what we observe may be the outcrop of waves running over the surface 
of the inner more homogeneous nucleus. This may not be necessary. 
Meanwhile I am compelled to withdraw my antagonism to the surface 
wave. 

‘The preliminary tremor curve fits to within the errors of observation 
the formula time o< chord. 

‘The chord is proportional to sine of half the angle. Tabulating we 
get :— 


ne Time observed Sin an Time observed 
Time to Antipodes a Time to Antipodes 
20 ‘17 174 20 
30 26 "259 30 
40 35 342 “39 
50 44 423 “487 
60 ‘1 500 ‘BT 
70 58 B74 “65 
80 “64 643 72 
90 ‘70 ‘707 78 
100 “76 ‘766 83 
110 82 819 87 
120 87 866 ‘91 
130 ‘91 ‘906 94 
140 “95 940 96 
160 98 985 99 


‘The fourth column gives the same comparison for the second curve, 
what you call the second phase. In calculating the ratios of the times 
I take 23 minutes to be the time to the antipodes in the case of the first 
phase and 33°5 minutes for the second phase. 

‘You will see how admirable the agreement is for the first phase. 
But it is not so good for the second phase. The first phase runs at 
practically the same rate along the chords. The second phase seems to 
run a little more quickly the deeper they go.’ 

Tables of apparent velocities based on observations prior to the end of 
1896 are given in the ‘British Association Report’ for 1897, p. 173. 
These are discussed in the Report for 1898, p. 221, where a table shows 
that the apparent arcwal velocity for preliminary tremors varies with the 
square root of the average depth of the chord. In the report for the 
following year, p. 231, the preliminary tremors are referred to as passing 
through the earth with an average velocity which increases with the 
square root of the average depth of the chord along which they are 
assumed to travel. Whilst pointing out the inaccuracy of this reference, 
it must also be observed that the variable velocity it implies is not 
sustained by observations here published. 
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VI. On the Comparison of Records obtained from three Horizontal Pendu- 
lums at Shide, the Natural Periods of' which have from time to time 
been altered. 


The instruments referred to are the photographic recording pendulums 
described on p. 60, Their records are compared in the following table. 
The type of pendulum which records east-west motion is referred to by 
the letter A. The pendulum with the short boom, also recording east- 
west motion, and forming part of the Yarrow instrument, is referred to as 
B, whilst the north-south boom of the same is called C. 

Pendulum A has been kept with a period of 17 seconds, whilst the 
periods of B and C have from time to time been changed. 

The numbers in the first column refer to different earthquakes re- 
corded between January 1 and June 30, 1902, as entered in the Shide 
Register (see Circular No. 6). In the next three coiumns are the differ- 
ences in minutes at which A, B, and C respectively commenced to move. 

The first entry for Earthquake No. 572 means that A and B show 
commencements of movement 4 minutes later than C, beneath which 
there is a zero, 

Amplitudes are also referred to under three columns marked A, Bb, 
and C. They indicate half the complete range of the maximum motion, 
Values less than one millimetre refer to the thickening of the line, and 
indicate half its width. 

Durations of the different earthquakes are given in the last three 
columns. They are expressed in minutes :— 


3 ee | ae Amplitudes Durations 

ots Es C A B Cc A B | Cc 

s. s. 8. s. Ss. Ss. s. s. 8. 

Periods is F 17 17 18 17 17 18 17 17 18 
M M M. MM. MM. MM. mM. | OM M. 

572 4 4 0) 1:0 2-U 3-0 115 | 140 180 
573 5 5 0 0:25 | 025) — 5 10 — 
574 0 8 6 05 05 1:0 7 60 65 
575 — not visible | 0:25 | not visible 10 — _ 
576 1 0) 0) 0:5 0:25 | 0:25 38 10 45 
577 0 1 1 0°25 | 0:25 | 0°25 8 5 5 
578 97 0 0 0:253), 0:5 0-5 45 120 120 
579 — not working | 0:25 | — = 5 = = 
580 0) 1 1 025 | 05 05 25 35 a5 
581 0 3 3 0:5 2:0 2-0 120 | 230 | 150 
582 0 2 13 0:25 | 06 0:25 45 50 20 
583 9 at 0 0:5 075 | 1:0 45 45 55 
s. Ss. s. S Ss. s. Ss. Sy Ss. 

Periods a t 17 10 10 17 10 10 17 10 10 
584 0 3 3 1:0 0:5 06 80 65 60 
585 0 41 1 1-0 025} O04 60 20 60 
586 —  |air tremors 0-5 — — 100 — _— 
587 == ” ” 05 — _- 90 —_— —_— 
588 eae 0 0 2-0 1:0 1:0 70 60 60 
589 | — not working | 1:0 _ _ 90 — a 
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Diteronces in tines | amplitudes | Durations 
bs Awol! Bs idole A | Br) hal SF maka i MBulbac 
Ss. s. Ss. ls | s |S. 8 Ss. 
Periods ie gece haber alg DS ae) ie ren ee ie Ee 12 16 
| 590 7 0 | 47 | 025 | 025 | 025 | 44 10 15 
| 591 0 16 | 58 | 025! 025 | 025) 5 | 5 5 
592 18 Oe TDi. O'Gyhal TOBE MOF Bovina 40 
593 9 Ql Lo: by Ot oe |, OG leEeO | SOpe | 120. |) 820- | 
594 34} 0 |, oO | —.| O25 | 025), -— | 410 10 
595 O | lL | air | 025 | 025) — | 925 5 = 
trems. | | 
596 BEd | 46) |) 0-25 |.) 0:25,|) 026) |. 30.) BEA zone) 
597 0 3 O | 05 025 | ORS) 25 5 7 | 
598 0 9, | air | 026,| 025) — | 10 5 — 
trems., | | 
599 GBF LOO FI FIEO O75 | 25° | 5 35 | 75 
600 | 9 | mot | O | 0:25) not | 0:25) 20 — |B 
| visible visible ) 
601 Ligue at eda calh 20 1-0 | 4259) U2) all YAO) (0140 pay 
602 not — | not ee OB ra ihe ad a a 
visible | visible | 
603 u Sew Gfaint |) = — |) (Or2b |e a 
604 0 0 x 025 | 025| — |} 5 5 | — 
605 37 | faint; O | 05 =<) | mOmahhioGa yl 85 
606 0 0) 0 | 60 | 25 | 80 | 180 90 | 180 
Ss. Ss. Ss. SS apts Ss. Ss. Baal) eee 
Periods «© .| 17 TY il Mele Un tre Se | ae 7 | ia | 
607 Boi: 8 oh car|t! |p 0-255 |icl-0C) mete) ai Bh 3a: sh 
visible visible 
608 0 0 |faint.| 10 | 0-75 | 025 | 40 | 40 | — 
609 Ls ali G6 | 17 | 10 | 0:25 72to85, 28 2 
| 
Ss. Ss. s. Ss. s. s. s. Be AS; 
Periods ‘ 17 20 | 10 17 20 10 17 20 10 
610. 0 3 | not | 05 | 05 es 20 20 a 
visible | 
611 a Jaie 0 | O75 | — |.06 | 36 | — 12 
trems. | 
612 2 Oh Bo iiielO eh bt), Of} 40 40 | 25 


When examining the above table it must be remembered that pendu- 
lum C is oriented at right angles to A and B, that the stiffness of the 
column carrying A is slightly greater than that carrying B, and also that 
these two pendulums have not always been so adjusted as to have the 
same sensibility to the effects produced by tilting. It must also be borne 
in mind that preliminary tremors are but small movements, and their 
visibility will vary with the width of the photographic trace, whilst many 
of the entries referring to amplitudes of 0-25 millimetre are markings so 
slight that they might easily escape detection. 

When the periods of A and B were 17 seconds (572 to 583 and 607 to 
609) out of thirteen records, the differences in time at which these instru- 
ments commenced to record did not exceed 1 minute in seven cases, 
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and there are two cases where the differences are 2 and 3 minutes. 
In the remaining four cases the differences are respectively 8, 97, 6, and 
32 minutes. When the period of B was changed to 10 and then to 
12 seconds, it seems to have been, out of eighteen cases, a matter of chance 
as to which of the two pendulums first responded to the movement of the 
ground. Twice they commenced simultaneously, and three times the 
difference in the commencements was from 2 to 3 minutes. In all other 
instances these differences are large. The times at which pronounced 
phases of movement have taken place—for which tables are not given— 
are practically identical for all the pendulums. 

In comparing amplitudes when the periods of A and B were equal 
(17 sec.), the amplitudes were either equal to each other or that for B 
was larger by 0°25mm. The only exceptions are for Earthquakes 608 
and 609. 

When B was reduced to 10 and then to 12 seconds the amplitudes 
were for all the larger disturbances, excepting 601, distinctly smaller 
than those recorded by A. In other instances, relating to small earth- 
quakes, these displacements were equal. 

A similar relationship between amplitude and period is seen when 
comparing C and B. 

This result is one which does not accord with the result of a somewhat 
similar experiment made by Dr. F. Omori, whilst it does accord with the 
hypothesis that the large waves of earthquakes traverse the surface of 
the earth in undulations. : 

With equal periods for A and B, generally the latter was caused to 
move for a longer time than the former, whilst when B was rendered 
more stable this result was usually reversed. This again suggests that 
the movements recorded are accompanied by tilting. 


VII. Clinometric Experiments. 


In 1891, whilst resident in Japan, I designed a clinometer to record 
the tiltings of the ground which take place with severe earthquakes within 
two or three hundred miles of their origin. The chief feature in this 
instrument was a balance beam loaded at its extremities, which when its 
frame was tilted in a direction at right angles to its length was assumed 
to retain its horizontality. A pointer like that of an ordinary balance 
attached to this beam acted as a steady fulerum for the short arm of 
a lever, the outer end of which rested on a smoked-glass surface. 

This is described, and illustrations of its records are to be found in the 
‘ British Association Report for 1893,’ and in the ‘ Seismological Journal,’ 
ii. p. 103. 

In 1900 and 1901 at Shide, in the Isle of Wight, I set up a similar 
but much larger clinometer, with the expectation that it would give some 
definite information about the so-called large waves which are assumed to 
accompany large earthquakes when they have radiated to great distances. 
This ‘experiment,’ which is referred to in the ‘British Association 
Report’ for 1900, p. 83, consisted in observing the movements of a 
pointer attached to the earth relatively to a pointer, 4 feet in length, 
attached at right angles to the beam of a balance, the arms of which were 
5 feet_in length, and each carried a load exceeding 30 lb. Any relative 
movement of these pointers was shown by the displacement of a spot of 
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light reflected from a mirror hung by a bifilar attachment between the 
two pointers. Subsequently the record was made mechanically. 

With the first installation 1 mm. deflection = 0’'7, and in the second 
6-0. 

Although several large earthquakes took place, no record was 
obtained. 

About the same time Dr. Wilhelm Schliitter (see his ‘Inaugural 
Dissertation,’ Géttingen, 1901) experimented with a balance form of 
clinometer. The records were photographic, but his photograms failed to 
give any trace of twenty earthquakes recorded by seismographs. 


VIII. Laperiments with a Vertical Spring Seismograph. 


With the object of at least detecting the vertical component of the 
large waves which accompany unfelt earthquakes, in March 1901 I 
suspended from the wall of my laboratory an ordinary spiral spring, 
1 inch in diameter, which, under the influence of a load of 1 lb. 8 oz. and 
its own weight, was 3 feet 5 inches in length. Its period was then 
2seconds. By the rising or falling of the weight a small mirror was 
caused to rotate, which displaced a spot of light it reflected upon a 
moving photographic surface. 

‘The earthquake of October 9, 1900, caused ripples on the photogram 
each about 0°5 mm. in range, which would correspond to a change that 
might have been produced by increasing and decreasing the load by 
=1, part of itself. The period of motion was approximately 6:5 minutes, 
which corresponded with the period of maxima in the large waves as in 
an ordinary seismogram. , 

The Venezuela earthquake of October 29 gave deflections of half the 
above, and with periods of about 7 minutes. Other earthquakes caused 
somewhat similar movements, but usually nothing more than slight blurs 
upon the photographic traces were to be seen. 

The records from the clinometer indicate that earth tilting has not 
been measurable by the instrument employed, whilst the records from the 
spiral spring show that there is a possibility that vertical motion may 
exist, but if it does it is exceedingly minute.’ 


IX. On the Nature of Earthquake Movement as recorded at a great 
distance from its origin. 


In an article in ‘ Nature,’ January 2, 1902, p. 202, after epitomising 
the various observations which have been made in connection with the 
large waves of earthquakes, it is said that 

‘The general inference is that the large waves due to earthquakes 
originating at a distance, whether they are surface waves or mass waves, 
actuate horizontal pendulums by horizontal displacements of the ground, 
rather than by the tilting of the same.’ 

Observations which support this view are as follows :— 


1. Clinometers haye hitherto failed to detect any tilting effects. 

2. If it is assumed that the records of horizontal pendulums give 
angular values for tilting, and from the period of the waves causing these 
tiltings and the velocity with which these waves are propagated on the 
assumption of simple harmonic motion we calculate their length, we havé 
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all the elements which are required to calculate the heights of these waves.! 
Now these heights are frequently as much as 1 or 2 feet, and apparently 
represent accelerations ;!, of gravity. The magnitude of these quantities 
is certainly sufficient to create a suspicion that the angular values assigned 
to large waves has hitherto been exaggerated.” 

3. The slight evidence of vertical displacements afforded by the 
experiments described on p. 70. 

4. Dr. F. Omori’s observation that the amplitude of seismograms is 
not dependent upon the sensibilities of the seismographs to tilting suggests 
that the movements represented by large waves are horizontal rather than 
undulatory. 

5. The smallness and paucity of records obtained from bifilar pen- 
dulums. 


On the contrary, observations which support a surface undulation 
hypothesis are the following :— 


1. Surface undulations exist in epifocal districts, and these by the 
movement of water in ponds and lakes, the movements of the bubbles 
of spirit levels, the apparent movement of stars in the fields of telescopes, 
and by other phenomena, have been detected in districts’ many hundreds 
of miles beyond the epifocal area.* 

2, The approximately constant velocity of propagation assigned to 
large waves (see pp. 65 and 67). 

3. Observations which show that the magnitude of a seismogram 
is dependent upon its sensibility to tilting, p. 70. This conclusion is 
apparently contrary to that arrived at by Dr. Omori. 

4, The indications of a vertical component of motion, which have been 
recorded, p. 71. 


With these latter observations before us, it seems reasonable to 
conclude that the large waves of earthquakes have an undulatory 
character, but the tilting involved is not so great as generally supposed, 
and in this sense the above quotation from ‘ Nature’ requires correction. 

In the seismograms of a large earthquake we have the records of at 
least two, and probably three, types of movement, and the manner in 
which they are presented to us depends upon the character of the instrument 
by which they were recorded. An ordinary long period horizontal pendulum 
shows the preliminary tremors, which are regarded as compressional waves, 
which have passed through the earth to be recorded as ripples with a 
small amplitude ; whilst the large waves, which are assumed to be very 
flat undulations passing round the earth in or beneath its crust, are 
shown as large displacements, which are magnified effects due to very 
slight tilting. 

The same disturbance recorded by an apparatus, the natural period of 
which is short, but which is provided with indices having a high multipli- 
cation, gives records in which the preliminary tremors are large, whilst 
the large waves are small, if not entirely absent.‘ 


X. Relationship between Rockfolding, Seismic, and Volcanic Activities. 


Lyell remarks in his ‘ Principles of Geology,’ vol. ii. p. 177 (12th 
edition), that near the Bay of Naples there appears to be a connection 


1 Brit. Assoc. Rep., 1898, p. 206. 2 Thid., 1900, p. 83. 
* Ibid,, 1898, p. 219; also 1900, p. 73. * Ibid., 1898, p. 263. 
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between movements of upheaval and a local development of volcanic 
heat, whilst periods of depression have been concurrent with periods of 
voleanic quiescence. A glance at the map, fig. 2 (Plate I.), shows that the 
districts from which large earthquakes originate, or earthquakes which 
are accompanied by molar displacements, are those in which geological 
observations indicate that the land surfaces exhibited as ridges have 
recently been elevated and where history indicates that elevation is yet 
in progress. 

When this elevation takes place in a ridge, it seems likely that its 
bounding furrow or furrows should be deepened, and direct evidence that 
this is the case is sometimes to be found in the records of soundings taken 
before and after great earthquakes. These records give some idea of the 
magnitude of the sudden changes in configuration which take place in 
ocean beds, whilst the dynamical efforts which accompany the same are 
seen in the disturbances caused in oceanic water and the propagation of 
vibrations from their origin to their antipodes. Another effect which may 
accompany these sudden adjustments is to relieve volcanic strain, and no 
better illustration of this can be found than in the volcanic history of the 
Antilles, which is briefly as follows :— 


1692. Port Royal, in Jamaica, destroyed by an earthquake and land sank beneath 
the sea. St. Kitts erupted. 

1718. Violent earthquake in St. Vincent, accompanied by an eruption. 

1766-67. Violent earthquakes in the N.E. of South America, Cuba, Jamaica, and 
many of the West Indian islands. An eruption in St. Lucia. 

1797. February 7.—40,000 lives were lost in Quito. There were also shocks in 
the Antilles. Eruption in Guadeloupe. 

1802. Severe shock in Antigua. Hruption in Guadeloupe. 

1812. Caraccas ruined by an earthquake. November 11, 1811, violents shocks 
commenced in the Southern States of North America. Eruptions in St. 
Vincent and Guadeloupe. 

1835-36. Violent earthquakes in Chili and Central America. Eruption in Guade- 
loupe. 

1902. April 19.—Large earthquake in Central America, by which towns were de- 
stroyed. About this date Mt. Pelée, in Martinique, smoked and 
rumbled. May 3 it erupted. Cables were broken and the sea receded 
on this date, and was again disturbed on the 8th, 19th, and 20th. May 7, 
eruption in St. Vincent. Other cables were interrupted. May 8, violent 
eruption of Mt. Pelée. With these eruptions there were many small 
earthquakes. 


Practically, therefore, we see that every volcanic eruption in the West 
Antilles has been connected with some sudden geotectonic change in 
its own or in a neighbouring ridge. 

The small earthquakes, of which there may be 30,000 in the world 
per year, do not hold any appreciable relationship to the volcanic activity 
of the districts in which they occur.! 


XI. On the Comparison of Earthquake Registers from Shide, Kew, 
Lidston, and Edinburgh. 


In the ‘ British Association Report,’ 1901, pp. 44-50, reference is made 
to a series of earthquake records obtained in the early part of 1901 at 
Kew, Shide, Bidston, and Edinburgh. ‘These registers and their con- 
tinuations to the end of that year will be found in the British Associa- 
tion Circulars Nos. 4 and 5. The following comparisons of the records 


1 See Nature, May 29 and June 11, 1902. 
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from the above four stations, which are respectively situated on alluvium, 
chalk, new red sandstone, and a Paleozoic felstone, with the exception of 
the month of July, when the instrument at Bidston was not working, 
relate to the remaining eleven months of the year 1901. 


Earthquake Frequency: 


At Kew 73 records were obtained, 63 of which were noted at other stations. 
At Shide 107 ” ” io 90 ” ” ” ” 
At Bidston 133 ” ” ” 94 ” ” ” ” 
At Edinburgh 94 ” ” ” 85 ” ” ” ” 


Earthquake Duration.-—During the period under consideration fourteen 
large earthquakes were recorded at each of the four stations, and were 
also recorded at many other stations throughout the world. The total 
number of hours and minutes during which the instruments at the four 
British stations were caused to move by these disturbances were as 
follows :—Kew, 27h. 40m.; Shide, 31h. 56m.; Bidston, 30h. 25m. ; 
Edinburgh, 31 h. 59 m. 

Amplitudes.—For the above fourteen earthquakes the sum of the 
amplitudes in millimetres recorded at the four stations were as follows :— 
Kew, 42°8 mm. ; Shide, >58:4 mm. ; Bidston, 56°77 mm.; Edinburgh, 
40-7 mm. 

The inferences to be drawn from the above three analyses are by no 
means clear. 

The Frequency Table apparently shows that at Shide and Bidston 
more earthquakes can be recorded than at Edinburgh and very many 
more than can be recorded at Kew. Reference to the registers of these 
four stations shows that the omissions in the Edinburgh and Kew lists 
relate to earthquakes which were comparatively feeble. 

Not only are the records at Kew few in number, but the duration of 
a given set of earthquakes as recorded at that station is shorter than the 
duration of the same set of earthquakes as recorded at other stations. 

A much more marked difference between these four sets of records is 
to be seen in the Table of Amplitudes, which it must be noted have been 
entered as horizontal displacements. From these records the inference is 
that the extent of movement at Edinburgh and Kew is much less than 
it is at Shide and Bidston. Inasmuch as the foundations at the first two 
mentioned stations are respectively harder and very much softer than 
the foundations at the two second stations, it seems improbable that the 
differences in amplitude here recorded are to be altogether attributable 
to the geological character of the materials on which these four stations 
are situated. 

A more likely cause resulting in these apparent differences in ampli- 
tude, and we may add also the differences in durations of movement and 
number of records, is to be found in differences in the sensibilities of the 
instruments at the four stations. 

If as a measure of the sensibility of an instrument we take the angle 
through which the bedplate of the same has to be tilted to produce a 
deflection of one millimetre of the outer end of the boom which it carries, 
then the sensibilities of the instruments at the four stations under con- 
sideration have been as follows :— 


At Kew the sensibility has varied from 07 to 0’"8, average 0'"-75. 
At Edinburgh oy 5,4 Deano” Fi. 
At Shide rf OAS? OUT; 


At Bidston “a » 55 O'4 up to June 30 and subsequently 0/3. 
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Inasmuch as the instruments with the least sensibility might fail in 
recording certain very small earthquakes which might disturb an instru- 
ment with a higher sensibility, and that the instruments with the lower 
sensibility would not move so long or be displaced so far whether the 
motion was horizontal or angular, as would be the case with instruments 
the booms of which were more easily displaced, it appears that what has 
been recorded finds its best explanation in the assumption that the same 
is due to differences in the sensibilities of the apparatus employed. 

If we assume that the amplitudes given in millimetres are quantities 
to be represented in angular measure, then the displacements at the four 
stations may be stated as follows :— 


Kew, 32’"1 ; Edinburgh, 28’'4 ; Shide, 27/4 ; Bidston, 19’’:0. 


One inference from this is that the installations at which it was first 
supposed there was the feeblest seismic sensibility are those at which it 
is most marked. 

Observations are now being made at these four stations with the 
instruments so adjusted that a 4° turn of the calibrating screw results in 
a deflection at the outer end of the pendulum of 14 mm., which means 
that they have equal sensibilities to tilting although their periods may 
differ (see p. 60). 


XII. An Attempt to Detect and Measure any Relative Movement of the 
Strata that may now be taking place at the Ridgeway Fault, near 
Upway, Dorsetshire. Third Report by Horacn Darwin, August 1902. 


In the last Report a hope was expressed that the alterations made in 
the apparatus had prevented the water getting into the oil vessels ; this 
has not been the case, water again having blocked the pipes connecting 
them. It is probable that water enters in the form of vapour and con- 
denses, and as we saw no way of preventing this we decided to replace 
the oil by a saturated solution of common salt ; an overflow was arranged, 
and it is hoped that there will be no more trouble from this cause. It 
was also discovered that the pipe connecting the vessels was not quite 
straight, and that slight undulations in it prevented the free flow of the 
liquid ; this is being rectified. 


Magnetic Observations at Falmouth.—Report of the Committee, con- 
sisting of Sir W. H. Prerce (Chairman), Dr. R. T. GLAZEBROOK 
(Secretary), Professor W. G. ApAms, Captain Creax, Mr. W. L. 
Fox, Professor A. ScHusTER, and Sir A. W. RtcKER, appointed 
to co-operate with the Committee of the Falmouth Observatory in 
their Magnetic Observations. 


THE Committee report that the grant voted at the last meeting of the 
Association has been used in support of the ordinary magnetic work of 
the Falmouth Observatory, and that records of the horizontal force and 
declination have been kept during ten years. The curves up to the end 
of 1901 have been examined at Kew, and the results are of real value. 
The vertical force instrument has been a cause of some difficulty ; the 
examination of the 1901 curves led Dr. Chree to suspect the existence of 
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a very large and anomalous temperature coefficient. Experiments at 
Falmouth confirmed this and showed, moreover, the curious fact that the 
change following a rise of temperature reversed its sign as the heating 
continued. The instrument was dismounted and sent to Kew for ex- 
amination in April last. Experiments made by heating the room 
containing the apparatus confirmed those made at Falmouth as to the 
enormous size of the apparent temperature coefficient ; and finding it 
impossible to alter this appreciably, it was arranged to increase the weight 
on the compensation bar and make some other changes. 

Even when the instrument was returned the anomalous behaviour 
continued, and finally it was shown that by far the largest part of the 
effect was due in some way to the method in which the mirror was 
attached to the magnet. A change of temperature had the effect of 
binding or twisting the mirror, and most of the effect was due to this. 
This difficulty was remedied, but the magnet has only just been returned ; 
hence it is impossible as yet to say whether it is completely satisfactory 
or not ; but there is every reason to suppose that this will be so. 

With regard to the special work of co-operating with the Antarctic 
Expedition, while it was not found possible to arrange for special quick 
views of the Falmouth instruments on the term day, Mr. Kitto under- 
took to take such share as was possible with the existing instruments, and 
the Secretary sent directions to him as to how this might be done. On 
this point Mr. Kitto reports :— 


1. Care has been taken to prevent as far as possible any local dis- 
turbance of the magnetic instruments during ‘term days.’ 

2. The curves for the term days have been run without interruption, 
and hourly measurements will be made of these. 

3. The temperature has been maintained as constant as possible. 

4. The scale values have been determined with care. 

5, Absolute determinations have been taken (as far as possible) on 
the second, fourteenth, sixteenth, and last days of each month. 


The Committee are of opinion that they should be reappointed and 
that a further grant should be made to them for the continuance of the 
magnetic work at Falmouth. 

The reasons for this are twofold :—(i.) It has not been found possible 
as yet to establish the new magnetic observatory and to remove the 
recording instruments from Kew ; at the same time the increase in 
electrical traction to the south-west of London has caused a distinct 
increase in the disturbances. Dr. Chree reports that the comparatively 
quiet interludes seem fewer and the mean width of the braces larger in 
all the elements ; thus the diurnal variation results for horizontal force 
and declination at Falmouth in view of the disturbances near London are 
of distinct importance until the new station has been established. (ii.) The 
special period of magnetic research for the Antarctic lasts until March 
1903 at least, and it is desirable to keep up the Falmouth records during 
the whole of this period. 

In conclusion, therefore, the Committee beg leave to recommend that 
they be reappointed, with a grant of 100/. 


—_ eee 


INVESTIGATION OF THE UPPER ATMOSPHERE BY MEANS OF KITES. 77 


Investigation of the Upper Atmosphere by Means of Kites in co-opera- 
tion with a Committee of the Royal Meteorological Society.—Report 
of the Committee, consisting of Dr. W. N. SHaw (Chairman), Mr. 
W.H. Dives (Secretary), Mr. D, AncH1BALD, Mr. C. Vernon Boys, 
Dr, A, Bucuan, and Dr, H. R. Mitt. 


iF 


Tue Committee submit the following notes, drawn up by the Secre- 
tary :— 


On the invitation of the Committee appointed by the Royal Meteoro- 
logical Society it was decided to hold joint committee meetings, and 
such meetings were held on October 25, 1901 ; January 14, April 8, and 
May 7, 1902. 

The sum of money at the disposal of the joint committee, viz., 75/. 
granted by the British Association and 25/. by the Royal Meteorological] 
Society, not being sufficient to meet the necessary expenses, it was decided 
to apply to the Meteorological Council and to the Government Grant Com- 
mittee of the Royal Society for further assistance. The Meteorological 
Council kindly undertook to supply the necessary instruments for a base 
station, and the Government Grant Committee have made a grant of 751. 

Inasmuch as there is considerable risk of damage and also of injury 
to life should a long wire carrying one or more kites break loose in a 
thickly populated district, it was decided to make observations in some 
thinly inhabited part, and, if possible, over the sea, so as to reduce this 
risk toaminimum. Furthermore, as we have no information whatever as to 
the vertical temperature gradient over the great oceans, and this know- 
ledge is of supreme importance for theoretical meteorology, it seemed 
desirable to work on the west coast, since the prevailing westerly winds 
must make observations taken there equivalent, as a rule, to those taken 
over the open sea. It was also thought that if a fair number of observa- 
tions could be obtained at the height of Ben Nevis, but somewhere on the 
coast in the reighbourhood of Ben Nevis, some light would be thrown 
upon the question as to how far the temperatures taken on a mountain 
summit differ from the temperatures of the free air in the surrounding 
districts at the same level. 

With these objects in view I was commissioned to obtain the necessary 
apparatus and erect it at some convenient spot on the west coast of 
Scotland. 

The apparatus has been obtained and is now (June 17) erected on a 
small island at Crinan, a small village lying at the north end of the Crinan 
Canal, about thirty miles south of Oban. 

The apparatus consists of— 


I. Winding-in apparatus for the wire. 
II. Engine and boiler to drive the same. 
IIT. Set of kites, 
IV. Twelve miles of steel music-wire, 
V. Instruments, 


I. The winding-in apparatus carries two reels of 16 inches diameter 
and 4 inches broad, to hold the wire, and two strain-pulleys to reduce 
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the tension of the wire before it is wound. The reels run loose on 
the same shaft that carries the strain-pulleys, but there is an arrange- 
ment by which they are pressed automatically against the strain-pulleys to 
increase their turning moment by friction against the outer rim of the 
pulley, or against the fixed frame of the apparatus to reduce the moment. 
By this means an adjustment of the tension is obtained, and the risk of 
the reel being crushed by the tension of the many turns of the wire is 
avoided. 

II. Steam-engine.—This was obtained from the Reading (U.S.) Road 
Car Company. It has four single-acting cylinders of 2}-inch bore and 
4-inch stroke. It weighs about 60 lb. and is nominally of 6 H.P. The 
cost was 25/. 

The choice lay between a steam-engine and a petrol motor. The 
steam-engine was chosen for the following reason. It is not desirable to 
draw in a kite wire, when the wire is near the breaking-point, at a uniform 
speed, because the speed of winding in is equivalent to an increase of the 
wind velocity, and greatly adds to the strain. Advantage should be taken 
of the intervals between the gusts to get in the wire, and this a steam- 
engine without a dead point does automatically. Winding in a kite 
during a gale on June 14 the engine acted perfectly, running fast when- 
ever the tension of the wire slackened, and slowing down or even stopping 
entirely when the tension was increased by a gust. Of course the precise 
tension at which the engine stops is adjustable within wide limits by 
adjusting the steam pressure in the boiler. 

The boiler was obtained from the Britannia Company, Colchester, at 
a cost of 25/. It is fired by ordinary lamp oil (paraffin), of which it uses 
about a gallon an hour. 

III. The kites.—These are described in Symons’ ‘ Meteorological Maga- 
zine’ for April, where also the reasons for not using the Blue Hill kite 
are stated. 

Of these there are five ready for use and the materials for making six 
or eight more. There are also two kites designed by, and purchased of, 
Mr. F. 8. Cody. 

Both kinds, so far as my present experience goes, seem entirely satis- 
factory. Mr. Cody’s kite flies at a rather better angle, but does not seem 
to be quite as steady as the other. Indeed, the angle of the Cody kite 
when made of silk and light bamboos is remarkably good. 

IV. The wire.—This is of the usual kind, but I have been supplied 
with eight miles in one piece by Messrs. Brunton and Son, Mussel- 
burgh, N.B. 

V. In addition to the well-known Richard instruments which have 
been ordered, it seemed desirable to obtain, if possible, something cheaper, 
since the risk of losing the instruments is not small. I am experimenting 
with a cheaper form. [ also hope to ebtain correct determinations of the 
maximum height and the temperature at that height in the following 
manner. If a glass tube of uniform bore, sealed at the top, but with the 
other end under water or quicksilver, were sent up with a kite, it would, 
assuming constant temperature, give the maximum height, for the air in 
the tube, under the decreased pressure, would expand and bubble out, and 
on the descent water would rise in the tube, and the height of the water 
or quicksilver would give the minimum pressure, and hence the maximum 
height. This is assuming constant temperature. But if an exactly similar 
tube were also used containing saturated vapour of alcohol, two equations 


INVESTIGATION OF THE UPPER ATMOSPHERE BY MEANS OF KITES, 79 


would be obtained, from which the two unknown quantities, tempera- 
ture, and height can be determined. I hope to perfect this method, 
since there are many occasions on which a kite and a couple of glass 
tubes might be risked when one would hesitate to send up instruments 
costing 20/. 

The apparatus above described is now in use every day when the 
wind is suitable, but there seem to be very many days during the summer 
when a sufficiently strong wind does not occur. <A velocity of about 
fifteen miles per hour is necessary, force 4 on the Beaufort scale ; but the 
upper limit at which the kites will fly has not yet been determined. 


Il.—Addendum, August 22. 


Up to August 20 sixty-eight flights have been obtained, as shown in 
the following table :— 


Tempera-}| Wind Direction 
. Greatest | ture Gra- Length of | No. of 
Date Time Height | dient per |__| | Wire used | Kites | 
1,000 feet! Above | Below 
Feet oF. Feet 
Bane AO ve. | gs | LL SOA 2,840 38 8. E. 5,000 | 1 
a) ioe 2. 0 Ove} 133300 — S.E. S.E. 5,000 | 1 
els " : »| 11 Oa. 3,300 _ S.E. S.E. 4,515 2 
Hp? 4 | 11 0am. 2,100 57 8.S.E. S.S.E, —_— 1 
PSA AT ee on ee Pycely Fy OPeMs 2,300 = S.S.E. S.S.E. 5,000 1 
Pee...) my ee etilt® OVAGM 4,600 _— S.S.E. §.E. 7,500 1 
July 1. : | 11 OAM. | 1,850 — N. by E.| NNW. | 3,000 | 1 
ae . | 12 45 Pim. 2,500 45 N. by E.| S.S.W. 4,000 1 
> 7 OPM. 2,250 3-0 N.N.W. | N.N.W. 3,560 1* 
eevee «tLe fl OA 4,600 2:2 Ww. W. 7,330 1* 
eS) py is ey tk OAM, 2,000 18 — 8.5.E. — ye 
Me Oeere  . e 19'40 t 4,950 3:3 S.W. S.W. 9,000 2% 
mero eT) A798 |e 0tp oe, 2,300 3:9 = 4 4,000 1 
ae LOy rhe ils . -| 4 OPM. 4,040 2:3 N.N.W. N.W. 7,000 1 
Saal See. | Feel 192 30 eas 1,800 — - = = 1 
(gd 0 I 3 6 50 P.M. 1,350 0°38 _ -W. 2,300 1 
eos 4 4 i sii) 5. (0B 1,300 15 = S.W. _ 1* 
naw 6 OPM. 1,950 — |S.W.byW.] s.S.W. — 1 
M1 Wii! A 1l OAM. 6,400 31 S.W.by W.| S.W. 10,300 2* 
. (Sie 5 OPM. 4,300 2:8 S.W. S.W. — 1* 
Benge 0) 12 5PM. 6,000 2-0 W.S.W. SW. 10,300 Q* | 
mmRy.ti loi 11 45 aM, 3,160 2-9 — Ww. — 1# 
2 5 30 P.M. 3,600 3:3 N.N.W. N.W. _ 1* 
sth 18 1 OPM. 5,000 36 N.N.W. N.W. _ 2* 
ey 9 6 55 P.M, 3,400 2°6 N.N.W. | NW. 6,000 1 
-) he : 11 0a.M. 1,170 4:3 N.N.W. |. N.N.W. _ 1 
Midori sionl¢ 7 55 P.M. 3,000 2:7 N.W. Ww. 6,200 Q* 
3 UD; - < .| 445 PM. 1,330 _ N.N.W. W. _ 1 
A098 , . .| 10 40 a.m: 1,750 34 N.N.W. N.W. — 1 
BL BARC 6 45 P.M. 2,230 - N.W. N.W. 3,225 1 
eek 4 ‘ 11 45 A.M. 4,000 4:2 N N.N.W. 7,000 2 
ay: y 5 20 A.M. 4,760 36 N.W., W.N.W. | = 10,600 2* 
tA 26 ls .| 11 0am. 2,450 as — W. 4,200 1 
7 2D 7 30 P.M. 1,320 _ = N.W. 2,020 ~- 
PaBEN FOE Sli vat OAM, 4,330 35 BE. E.N.E. 5,450 1# 
, Se 7 OPM. 5,500 23 E.N.E. N.E. 10,200 | 9% 
” 98 é 12) (OU Mls, 7950 3:3 |S.W.by W.) W.S.W. | 12,000 2 
mei Tioho. ol 7 30 P.M. 5,000 25 SS.W. | S.S.W. 8,100 1* 
i295. a . | 12 30 P.M. 4,325 27 Wie 4 8,200 1* 
od OV eae 7 40 P.M. 5,330 31 W. nS. 8,412 1® 
eo) . 2 . | 12 10 P.M. 8,950 27 N.N.W, N.W. 17,300 2* 
eg 11 0AM. 1,560 36 = N.N.W. = 1* 
ge a ‘ é 6 20 P.M. 1,550 — _— Wis - 1 
J BS ll OAM. 2,400 41 W.S.W. | S. by W. -- 1 
ores 7 30 P.M. 8,550 17 W.S.W. | S.S.W. | 16,000 2* 
woes? 11 30 a.m. 8,370 21 |S.W.byW.| S.W. 13,500 2% 
Mepegier st) 1st 5 10 p.m. 4,900 25 —  |S.W.byW.| 7,530 1* 
Men tee Soh Ccr 4 0PM. 1,520 = — W. — a 
Be bs by acl tires ivi 11 30 aM. 1,840 _— — E. _— 1 
Pe GS oe ch os -Soy)|) A SO PUM, 3,800 35 ES.E. E. 6,900 1* 
eg eg ae. SE Ona 2,725 50 E.N.E N.E. 4,300 1 
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a Tempera- Wind Direction 

4 reatest |ture Gra- INo. 

Boe Time | “Height | dient per Wire need ites 

1,000 feet} Above | Below 
| Feet ta ty Feet 
Aug. 8 A 11 40 A.M. 1,300 40 — N.N.W. _ 1 

pre 5 20 P.M. 6,900 35 N.W W.N.W. | 12,000 2% 
ce f = e sul Ola. Bt, 2,360 37 = W.N.W. _ i 
AAO SAL eR. | £°4.40.P at 7,175 31 N.W, W.N.W. | 13,000 id 
mal . 5 a ~ |. 2.20 P.M: 7,425 2-4 N.W. N.W.byW.| -18,000 3% 
a zy = A é . | 10 10 A.M. 4,080 3:5 | N.by W N.W. 7,875 1 

le Spee -| 415 P.M. 1,550 15 = WS.W. | 2,900 1% 
coro eae "| ; S38) SOrver. | 3300 30 Siler Ss. | — 1 
Fee oh: A 5 3 i 4 30P.M. | 1,950 1:8 W. | WwW. — 1 
» 15 .| 11 304.mM. | 2,300 39 S.W. W. 3,900 La 
Spel Dia mneeee | crit nat We O30 RENE, 1,415 — | Sw. W. 2,500 Ago 
ae ae A A . | 11 30 4.M. 1,400 1:8 N.N.W. | N.W. 2,190 1 
me 2S = ° ° . | 2 30 P.M. 2.750 43 | N.N.W. | N. 4,980 2 
elmer ey ae! ase eye | LL eLO AM. 4,250 B90 ON. NeWar|) a Naive 7,100 2 | 
See .| 3 30 pM. 4,400 33) 7) OWEN We N.W 9,537 2* 
ie) Ae, | 12 10 p.m. | 11,450 24 N.W, N.W. 21,350 | 3* 
a3 220) | 7 20 P.M. 4,000 45 W.N.W, W 7,100 I 


In the cases marked * records from Richard Fréres’ instruments were obtained, in the others the 
temperature at the highest point only. 


For the period extending from July 8 to August 22 a steam-tug was 
obtained, and the apparatus mounted on the deck. This arrangement was 
found to give much more effective control over the experiments, and 
rendered possible observations in light winds that would not have lifted 
the kites on land. The observations will be discussed and the results pre- 
pared for publication in the course of the ensuing year. 


LT. 


The Committee consider that the work which has been completed is 
amply sufficient to show that the apparatus and methods are effective for 
securing valuable information as to the upper air in various conditions of 
weather. There are some points in which it seems desirable to attempt 
to improve the recording apparatus in order that the readings may be 
more definitely checked, and the Committee think it desirable for the 
experiments to be continued for another year, during which it may be 
possible to so arrange the flights as to obtain precise information regarding 
the distribution of temperature and humidity in specific conditions of 
weather in order to examine the physical processes taking place in the 
upper air corresponding to weather changes noted at the surface. 

The kites and apparatus for winding in, with such modifications as 
experience has suggested, but with little additional cost, will be available, 
but it is of great importance to be able to employ a tug, in order that the 
investigation of the upper air may not be entirely dependent upon windy 
weather. 

The Committee therefore ask for reappointment, with the addition of 
the names of Dr. Glazebrook and Professor Schuster, and a grant of 100/, 
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§$ 5. Tue Tirte oF THE Report. 


Tae first instalment of this report is printed in the ‘British Associa- 
tion Report’ for 1900 under the title ‘A Report on the Present State of 
the Theory of Point-groups.’ In view, however, of the space it has been 
found necessary to assign to the historical development of the subject, 
this title has been changed by the omission of the words limiting its scope 
to contemporary times. The sections of which the present instalment 
consists are numbered consecutively with Part I. After a short general 
introduction (§ 6) and a section on the Theory of Elimination (§ 7) the 
first period of the historical outline given in § 2 is expanded in § 8. 


§ 6. GenerAL Historicat Inrropuction. 


In the middle of the seventeenth century two men’s names stand out 
prominently in the history of pure mathematics. Descartes (1596-1650) 
and Fermat (1601-1665), both Frenchmen, were born within five years of 
each other, and although the exclusive epithet of Cartesian has been 
bestowed by posterity upon the technical device which each independently 
invented for the treatment of geometrical problems, it is doubtful whether 
Fermat’s ideas were not of wider significance, and in the investigations 
which bear most on our purpose he certainly showed the greater insight, 
notwithstanding certain unfortunate deviations from fact in his criticism 
of his rival.” 

The paper containing Fermat’s exposition of the method of coordinates * 
begins by a detailed investigation of the equations of a straight line and 
of each of the conic sections in turn, but carries this idea no further. In 
his prefatory words, however, we note his realisation of the possibility of 
a more general application of the method : ‘ Toutes les fois que dans une 
équation finale on trouve deux quantités inconnues, on a un_ lieu, 
Vextrémité de l'une d’elles décrivant une ligne droite ou courbe. . . . 
Toutes les fois que l’extrémité de la quantité inconnue qui décrit le lieu 
suit une ligne droite ou circulaire, le lieu est dit plan; si elle décrit une 
parabole, une hyperbole ou une ellipse, le lieu est dit solide ; pour d’autres 
courbes on l’appelle lieu de ligne. Nous n’ajouterons rien sur ce dernier 
cas, car la connaissance des lieux de ligne se déduit trés facilement, au 


1 Cf Cantor, Geschivhte der Mathematik, vol. ii. p. 745. This learned and 
withal interesting history supplies much information concerning works published 
before the year 1758, with which it closes. 

2 Fermat, @uvres (edit. Tannery and Henry, Paris, 1891), vol. i. p. 121, editors’ 
note. Gf. also Cantor, vol. ii. p. 744. 

’ «Introduction aux lieux plans et solides, loc. e’t., vol. i. pp. 91-110 (Latin 
original) ; vol. iii, pp. 85-101 (French trans.). 
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moyen de réduction, de l’étude des lieux plans et solides.’ The terms 
plane, solid, and linear loci were in general use at that time, with the 
meanings he attaches to them ; the notion of including them all under 
one law of formation marks his step towards the true analytical stand- 
point ; but the end of the paragraph shows the limitation to which his 
mind was still subject. In fact, the main interest of the new method to 
Fermat and Descartes lay in its application to the solution of algebraical 
equations by means of the intersections of geometrical curves ; they did 
not, apparently, discern that the opposite course would prove the more 
fruitful, that with a wider knowledge of the theory of algebraical 
equations future generations would obtain a grasp of the geometry of 
curves far exceeding that of the ancients. 

The slow emergence of the modern standpoint is shown by the lapse 
of time—nearly seventy years—between the publication of Descartes’ 
‘Geometry ’ (1637) and of Newton’s (1642-1727) ‘Enumeratio linearum 
tertii ordinis ’ (1704). Here we find stated for the first time the defini- 
tion, now usually adopted, of the order of a curve, viz., the number of 
points in which it can be cut by a straight line. Descartes had adopted 
an unfortunate classification,! not according to degree, but according to 
‘genus’: in his parlance curves of the 2nth and of the (2n-1)th degrees 
belong to the nth genus. This had possibly arisen from his investigations 
into a celebrated problem of Pappus,” or, as Fermat seems to think,* from 
an erroneous conclusion respecting the reduction of an equation of degree 
Qn by one degree. In any case it became a source of error * and was 
tacitly abandoned. 

Next in importance to the order of a curve is the number of terms 
involved in its equation. The statement that the equation of a curve of 
the mth order contains 4 (n+3) coefticients was first made by James 
Stirling (1692-1770) in his ‘ Linee tertii ordinis Newtonianz,’ which was 
published thirteen years after the Enumeratio (7.e.,in 1717), and is practi- 
cally an exposition of and a sequel to Newton’s book. Moreover, in the 
same work ° Stirling drew attention to the fact that a curve can only pass 
through }n (n+3) points, and that it is determined by this number of 
points, and thus paved the way for the enunciation, three years later 
(1720), of the so-called Cramer Paradox by his contemporary Maclaurin . 
(1698-1746). This young Scotchman was barely twenty-one when his 
‘ Geometrica organica, sive descriptio linearum curvarum universalis’ was 
published. Short as it is, 140 quarto pages in all, this treatise at once 
placed its author in the front rank of geometers, and is justly held to be 
the foundation of the modern synthetic geometry of higher plane curves,’ 
in so far as this depends upon theorems dealing with their intersections. 


1 Descartes, Wuvres, edit. Cousin (Paris, 1824), vol. v. p. 338, or Geometria, edit. 
Schooten (Amsterdam, 1659), p. 21. 

2 Cantor, vol. ii. p. 742. 

3 Fermat, vol. i. p. 119 (Latin original); vol. iii. p. 110 (French trans.). 

4 Cantor, vol. ii. p. 44. SP 169: 

6 For a brief account of the historical oblivion into which the true originator of 
the paradox had fallen, cf. C. A. Scott, Bull. Am. Math. Soc., vol. iv. (1898), p. 261. 

7 Brill and Noether, ‘ Die Entwicklung der Theorie der algebraischen Functionen 
in iilterer und neuerer Zeit,’ Jahresber. d. deutschen Math. Ver., vol. iii. (1894), p. 129. 
This valuable report is full of suggestive criticism, most helpful to any student of 
the papers which it passes in review, but its concise language makes it rather 
difficult reading, 
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§ 7. THe TuHEory or Exrmrnation, FRoM Leipnitz TO CRAMER, 
1693-1750, 


We must go back fifty years before the birth of analytical geometry 
to find the first appearance of a problem which is fundamental to the 
theory of elimination in one of its aspects, the problem, namely, of 
obtaining the greatest common measure of two algebraical expressions. 
Tn 1585 a Belgian mathematician, Simon Stevin (1548-1620), published an 
algebra in. which the first successful attempt at a solution was made. He 
divided one expression by the other, and this again by the remainder, until 
no remainder is left ; the last divisor is then the greatest common 
measure ; the fractions are left as they appear in the course of the work. 
Vieta (1540-1603), the greatest algebraist of the sixteenth century, wrote 
a treatise on algebraical equations in 1591 (published, after his death, in 
1615), but did not investigate this question. In fact it does not seem 
to be mentioned again in print for more than a century, when Rolle 
(1652-1719) gave it a place in his ‘ Traité d’Algébre,’ published in 1690, 
By this time abbreviations of the work by means of multiplication and 
division were probably in use, since we find them freely employed by 
Reyneau (1656-1728) in his ‘ Analyse démontrée’ of 1708. 

In the meanwhile Fermat was attacking the problem of rationalising 
an equation which Vieta had left in a very unsatisfactory condition, and 
the method he adopted, although stated as a series of proportion sums in 
the manner of his time, amounts precisely to the elimination of an 
unknown from two equations by using the condition that their left-hand 
sides should have a greatest common measure. The example he gives! 
consists of a cubic and a quadratic equation, each containing one variable 
which is to be eliminated. Calling these equations P=0, Q=0, respec- 
tively, we may write P=q, Q+R,, and R, is then the first remainder 
after dividing P by Q. Fermat’s process, however, reverses the usual 
arrangement of terms in P and Q, writing them in ascending not in 
descending order, for he arranges his proportions so that the antecedents 
contain the variable while the consequents are free from it ; thus : 


aye? + 0,0? +a, : dg=box? +b,a : by 
is derived from P=apx*?+a,2?+a.c+a,=0 
Q=) 2? +b,4+6b,=0 
where in his notation 


a=, ria a=, d3=23—a3 
bo=l, 6, =d, b,=n?—ab 


and thus his expression for R,, after dividing out by the factor a, differs 
from the usual one by the interchange of ap and a3, a, and a@;, 6, and 


1 Bo: 
6., and of - for z, being in modern notation 


a3 6,0 | +\|a,6,0 | & 
(5) b, by a) b, by 
a, by by a9 b,} 


1) Fermat, @uvres (edit. Tannery and Henry, Paris, 1891) ‘ Nouveau traitement 
en analytique des inconnues secondes et d’ordre supérieur,’ vol, i. pp. 181-188 (Latin 
original); vol. iii. pp. 167-163 (French trans.). 
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This fact is of no importance theoretically, and would be of but slight 
importance in practice, if the coefticients employed were the most general 
possible, But when, as in Fermat’s example, the coefficients of the 
highest powers only are unity, the interchange materially complicates 
the algebra involved in the next stage of division, or in substituting, as 
he directs, the expression for x obtained from R,=( in the quadratic 
equation ; and, presumably for this reason, Fermat left it to the industry 
of his readers. Moreover, when the substitution has been effected, a 
further complication arises from Fermat’s method : the irrelevant factor ! 
which is a necessary consequence of this process is now 5} instead of Oj, 
ie., (n?—ab)? instead of unity ; the remaining factor (the resultant) is 
unchanged, being symmetrical with respect to this interchange of 
coefficients. 

As regards the general application of his method to a system of n 
equations among »—1 unknowns, Fermat remarks : ‘II est clair que la 
méthode est générale. Si en effet on proposait plus de deux inconnues, 
la méthode, réitérée autant qu'il le faudra, exprimera par exemple la 
troisiéme en fonction de la premiére et de la seconde, puis la seconde en 
fonction de la premiére, toujours par le méme moyen.’ But we may be 
permitted to doubt whether the courage of most calculators would not 
fail in undertaking such an elimination without the assistance of a 
properly devised notation, of which, at this date,’ no trace is found. 

The emancipation of mathematics from the preliminary stage, in which 
attention is mainly directed to the solution of particular problems, was 
being effected during Fermat’s lifetime—Kepler and Galileo were his 
seniors by thirty and thirty-seven years respectively, Descartes and 
Pascal were his contemporaries—but the chief impulse in this direction 
was given after his death by Leibnitz (1646-1716) and by Newton. 
Leibnitz especially saw the cardinal importance of notation. The double 
suffix notation which he invented (mehrfacher Stellenzeiger) was not 
mentioned in print until] 1700, but had been used by him as early as 
1678, as is shown by a Latin manuscript note found among his papers 
after his death. The rule here set down for removing the unknowns 
from any system of linear equations such as, 


10+1lz+12y=0 
20+ 21a+22y=0 
30+ 3la+33y=0 


where there is one more equation than there are unknowns, consists in 
observing the law of combination of the double indicators. A new 
method for the elimination of the unknowns from two equations of degree 
higher than the first is then derived from this rule : ‘By means of this 
rule another rule can be found for removing the unknown quantity 
common to two equations of any degree whatever. Multiply each by an 
assumed expression of one degree lower, and when these products have 
been added together, so as to form a single equation, let every term of it 
be equated to zero; we thus obtain as many equations as there were 
coefficients in the assumed expression and one more equation. Hence 


1 An ingenious formula for obtaining this factor, in the most general case, is 
given by Faa de Bruno, Théorie générale de Vélimination (Paris, 1859), pp. 47-52. 

2 The date of this manuscript is held to be 1638, although it was not printed 
until 1679, in the Varia Opera, cf. Cantor, vol. ii. p. 734. 

3 Gerhardt, preface to vol. vii. of Leibnitz’s Works (Berlin, Halle, 1849-63), p. 5. 
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the former rule can be applied. If the two equations from which the 
common quantities are to be removed are not of the same degree, the 
coefficients of the higher orders in the equation of lower order are to 
be taken as zero.’ In a letter to l’Hépital dated April 28, 1693,1 
Leibnitz refers to this subject, and expresses a desire for tables by which 
the results of elimination between equations of higher order may be 
systematically deduced from those of lower order. This is the letter in 
which he for the first time explained and vindicated the new notation, 
and it has led most writers ? to attribute to him the origin of the theory 
of determinants. However this may be, the Theory of Elimination cer- 
tainly owes its origin to him, for he was the first to regard it as a matter 
for separate investigation and to desire its reduction to general laws. 

It would be interesting, were evidence on the subject forthcoming, to 
think that Leibnitz’s new method of elimination had been communicated 
by him to his friend Tschirnhaus (1651-1708), with whom he was in 
constant communication on these subjects, and that it is the method 
alluded to by the latter in his memoir in the ‘ Acta Eruditorum’ of 1683, 
where he speaks of well-known rules for obtaining a third equation, in 
which the unknown is absent, from two given ones containing it. But, 
on the whole, it is more probable that a method of combination and sub- 
stitution, which amounts to using the condition for the existence of a 
greatest common measure was in his mind.® 

Tables of the nature desired by Leibnitz were published by Newton 
in his ‘ Arithmetica Universalis’ (1707) :4 he gives the actual results of 
the ‘extermination’ of a variable from certain typical equations, viz., 
from two quadratics, from a cubic and a quadratic, from a quartic and a 
quadratic, and from two cubics, but with no definite account of the steps 
of his calculation. His method, however, appears to be that of substitu- 
tion and combination, and is thus essentially different from that of Leibnitz. 
The arrangement of the terms in the successive results shows an attempt 
at a systematic derivation of each from the last, but the law is by no means 
clear. It is noteworthy that in each case the result obtained is given in 
its simplest form, «.¢., the extraneous factor, which is not unity in his 
notation, has been removed. 

Newton gave no rules applicable to equations of order higher than the 
fourth, and only considered equations involving one unknown. The more 
general cases of higher equations and two unknowns were attacked for the 
first time °® (unsuccessfully, however) by Maclaurin in the ‘Geometrica 
Organica.’ Neglecting for the moment the geometrical application for 
which he required his result, the interest of Section V. of this treatise 


1 Leibnitz, Works, edit. Gerhardt, vol. ii. p. 239. 

* Cf. Gerhardt, Geschichte der Mathematik in Deutschland, 1877, vol. xvii. p. 184, 
and preface to vol. vii. of Leibnitz’s Works, p. 8. Also Brill and Noether, Joc. cit., 
p. 126, and Salmon, Higher Algebra, Note on History of Determinants. It has, 
however, been pointed out by Sttidnicka (A. LZ. Cauchy als formaler Begriinder der 
Determinanten-Theorie, Prag, 1876) that Cauchy was the first to develop a theory 
of determinants ; and it seems scientific to distinguish thus between the invention 
of a new mathematical machine—the suffix notation, which provides a law of 
formation for the new coefficients—and the separate discussion of its properties. 

3 Cantor, vol. iii. p. 109. 

* Ist edit., p. 74. 

° Fermat realised that curves of the mth and nth orders lead, by their intersec- 
tions, to the solution of an equation of degree mn (ef. Fermat, Huvres, vol. iii. p. 119, 
vol. i. p. 130, and Cantor, vol. ii. p. 746), but he gave no attempt at a proof. 
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centres on the attempt to eliminate one unknown between two equa- 
tions in two unknowns and to determine the dimension of the remaining 
unknown in the result. In the Lemma with which this section opens 
one equation only is assumed to be of an arbitrary number of dimensions, 
nm, in w and y, while the second is a quadratic and a cubic equation 
respectively. Maclaurin substitutes for all powers of the variable y 
equal to and greater than 2 and 3 respectively in the equation of 
degree n, and thus obtains equations in y lower by one degree than 
the lowest of the original pair of equations. In the simpler case (that 
of the quadratic and the equation of degree nm) this gives a value 
for y, which simply requires substitution in the quadratic in order to 
lead to the required equation in x—of degree 2n—and does not intro- 
duce any extraneous factor. But when the original system consists 
of a cubic and an equation of degree n, leading to a system of a cubic and 
a quadratic in y whose coefficients are functions of «, the process of 
eliminating y—whether by direct G.C.M. method or by Maclaurin’s 
shortened process of combining the equations, first removing the highest 
term and then the lowest term—necessarily introduces an extraneous 
factor which involves x. To find this factor, even with an unsystematic 
notation, is easy enough in this simple case, and Maclaurin shows, quite cor- 
rectly, that theirreducible resultant is then of degree 3n ; but he saw clearly 
that all his knowledge of Newton’s ‘method of divisors’ would not avail 
him in the completely general case of equations of degrees m and n. He 
therefore relegates this question to Corollary I., which, freely translated, 
runs : ‘ Hence the intersections of lines of order m and n are seen to be 
mm in number. We have, it is true, hitherto searched in vain for a 
universal proof of this fact by reason of the difficulty of finding divisors 
in harder equations.’ That he did not employ a better notation is all 
the more remarkable when we consider that in a chapter of his ‘ Algebra’ 
(planned about the year 1729,' but published, after his death, in 1748) 
he ‘exterminates’ the unknowns from systems of two and three linear 
equations, and gives a rule for four equations which shows his clear 
appreciation of the symmetry of the result: ‘If 4 equations are given, 
involving 4 unknown Quantities, their Values may be found much after 
the same Manner by taking all the Products that can be made of 4 
opposite Coefficients (i.e., belonging to different equations and to different 
variables) and always prefixing contrary signs to those that involve 
the Product of two opposite Coefficients.’ This is exactly the idea 
involved in the modern solution by means of determinants. And con- 
sidering that Leibnitz had insisted on the value of his double suflix 
notation in the paper in the ‘Acta Eruditorum’ for 1700,? written in 
reply to a tract published in London, Maclaurin almost seems to have 
gone purposely out of his way to avoid its use,’ and, in so doing, perhaps 
lost a chance of overcoming some of the obstacles to his method of elimina- 
tion. Even the best possible notation, however, would have been com- 
paratively valueless without the realisation of the intimate theoretical 
connection between the process of finding the G.C.M. and the problem of 
elimination, and for this the time was not ripe. The method, or its 
equivalent, was used in practice, but was not explicitly explained. In 


‘ Cantor, vol. iii. p. 568. 
? Leibnitz, Works, vol. v. pp. 340-349, 
3 Cantor, vol, iii. p. 570, 
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fact the only contemporary statement in print on this subject is 
to be found in a small book on analytical geometry by de Gua de 
Malves,! published in 1740. He remarks? that to find the necessary 
condition in order that certain three equations may hold simultaneously : 
‘on pourra se servir des formules que M. Newton a données dans son 
“ Arithmétique Universelle,” ou, ce qui revient au méme, on pourra encore 
diviser les deux premiéres équations ... par leur reste, puis les premiers 
restes par les seconds, et ainsi de restes en restes jusqu’a ce qu’on soit 
parvenu 4 en trouver qui ne contiennent plus l'indéterminée x, ces derniers 
restes, étant faits égaux a zéro, donneront les équations des conditions.’ 


The process of combining two equations by first removing the highest 
terms, then the lowest, which Maclaurin used in his examples, was sys- 
tematically described for the first time by Euler (1707-1783) in 1748. Its ex- 
planation occupies the first half of the chapter ‘ De intersectione curvarum ’ 
in his ‘ Introductio in analysin infinitorum.’* It also occurs in a memoir 
presented to the Academy of Sciences in Berlin,‘ where it is preceded 
by the pertinent remark: ‘Dans Ja plupart des cas si l’on se sert des 
méthodes ordinaires d’éliminer, on parviendra & une équation de plus de 
dimensions que mn.’ It is then followed by a discussion of a case 
in which the number of intersections must fall short of mn: when the 
equation of a curve of order m, namely, is of the form Py* + Qy’ + 
Ry +S=O, P, Q, R, and § being of dimensions m — 3, m — 2, m — 1, 
and m respectively in a, since then ‘les équations choisies n’expriment 
pas généralement les courbes des ordres m et m, mais seulement des 
espéces de ces ordres.’ This is the first appearance of a class of equa- 
tions which were very fully discussed later by Bézout. 

Two new methods of elimination were put forward by Euler in these 
publications ; but neither is rigorously demonstrated, and the unsystematic 
notation once more proves an obstacle to progress. That of the ‘ Intro- 
ductio’ is the same as had occurred to Leibnitz, but of which he had 
written nothing for publication. It consists° in multiplying each equa- 
tion by a function of y whose coefficients are undetermined quantities, 
and then equating to zero the coefficients of the different powers of y in 
the equation formed by subtracting these equations from each other. 
From this set of linear equations the undetermined coefficients are 
eliminated and the resultant obtained. The general rule, however, given 
for the elimination of the undetermined coefficients is very laborious and 
far inferior to that which Leibnitz had discovered. This method has 
taken its place in modern text-books as ‘ Euler’s method,’ or, sometimes, 
as ‘Euler’s second method’:® it is really founded on the necessary 
existence of at least one common root of the two equations if they are 
to hold simultaneously, and Euler himself explains this in a memoir’ 


' Usages de Vanalyse de Descartes pour découvrir sans le secowrs dw Calcul 
Différentiel les Propriétés ou Affections principales des Lignes Géométriques de tous 
Ordres. Cf. Brill and Noether, Joc. cit., p. 134. 

2 P. 60. 

3 See Cantor, vol. iii. p. 576, for an account of this work. 

4 «Démonstration sur le nombre des points od deux lignes des ordres quel- 
conques peuvent se couper,’ Acad. Berlin, année 1748, pp. 234-248. 

> See Cantor, vol. iii. p. 577, for detailed description. 

6 Eneyk. der Math. Wissen., Leipzig, 1899, Bd. I., p. 246, note 80. 

7 ‘Nouvelle méthode d’éliminer les quantités inconnues des équations, Acad. 
Berlin, année 1764, pp. 91-104, 
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published sixteen years later (which, however, throws no fresh light on 
the subject). The same principle is fundamental in the other new method, 
sketched in the Berlin memoir of 1748. But with this difference. By 
the one method the common linear factor, corresponding to the common 
root, was eliminated between the two equations, and from the resulting 
identity the system of linear equations which led to the resultant were 
obtained. In the other method the resultant is formed of the products 
of all possible differences of the roots of the two equations, such as (a—a), 
ifa,b,c...a,P,y... are the roots—one of which must certainly 
vanish—and the crux of the solution lies in the expression of this product 
in terms of the coefficients of the two equations. Since each equation 
may also be expressed as a product of factors such as (w—a), the resultant 
equation is found to be the product of the equations formed from one 
equation by substituting in it for « the roots of the other equation. And 
this leads at once to the consideration of certain symmetric functions of 
the roots, and to the necessity of evaluating them in terms of the co- 
efficients. This process is only sketched by Euler,! and thus his proof 
that the resultant, when the coefficients contain a second variable, attains 
the degree mn (m and 7 being the degrees of the equations) in this vari- 
able is not conclusive, although the first step, of proving that it is of the 
mth degree in the coetticients of the equation of the nth degree and of 
the nth degree in the coeflicients of the equation of the mth degree, is 
correctly taken. This method is sometimes known as ‘Kuler’s first 
method,’? or, more properly, as ‘elimination by symmetric functions.’ 
It was also employed with far greater success by Cramer (1704-1752) 
in the Appendix II. to his ‘Introduction a l’analyse des lignes courbes 
algébriques.’* In fact, it is from Cramer’s work that the impulse to 
investigate all possible symmetric functions of the roots of an equation 
dates. Up till this time the only ones discussed were the products taken 
one, two, three . . . at a time, known as early as 1629 by Girard‘ to be 
equal to the successive coefficients of the equations, and the sums of the 
powers of the roots which Newton had investigated.° 

To Cramer, also, belongs the credit of devising a suitable notation.® 
It is in all essentials the same as Leibnitz’s, but was probably invented 
independently.’ He writes the two equations from which @ is to be 
eliminated thus : 


A... a —[T]o"-44[1?]a"?—[13 Jar + ar hee) 

BB... (O)4+ (jet (2)a? + (3)a3+ oes +(m)x"=0 

where [1], [1], [15], . . . [1"] are functions of y of degree, 1, 2,...; 
and (0), (1), (2), - . . (m) are functions of y of degree m, m—1, m—2, 


. 0; and calls the resulting equation in y,C. C is, then, the product 
of the equations formed from B by successive substitutions for « of the 
roots a, b, c, &c., of A ; each term of it therefore consists of two factors : 
‘lun, facteur-premier, est le produit de quelques coefficients de B ; autre, 
facteur-second, est une fonction des racines a, l, c . . . de ’équation A.’§ 
The ‘ facteurs-premiers ’ are easily found by combining 7 at a time the terms 


1 Acad. Berlin, année 1748, p. 245. 

2 Eneyk. der Math. Wissen., Leipzig, 1899, Bd. I., p. 245. 

3 Geneva, 1750, pp. 660. 4 Cantor, vol. ii. p. 718. 

° Arithmetica Universalis, 1st edition, p. 261. 

& Analyse, App, L., p. 657. 7 Cf. Cantor, yol. iii. p, 586, 5 Loe. cit., P. 660. 
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(0), (1), &c. ; they are written, e.g., (0""71), (0"-8111224). The ‘ facteurs- 
seconds’ are connected with the ‘ facteurs-premiers’ by the following per- 
fectly definite statement, in which is seen the importance of the numerical 
notation : ‘Chaque chiffre du facteur-premier annonce, dans le facteur- 
second qui lui est joint, une puissance des lettres a, b, c, &c., dont ce chiffre 
est l’exposant, et ces puissances sont autant de termes qu'il y a de 
maniére de les arranger.’! In other words, each ‘facteur-second’ is a 
symmetric function of the roots a, b,c,.. . of dimensions equal to the 
sum of the numbers contained in its bracket. ‘Si done les racines de 
Véquation A étaient connues, il serait ais¢ d’avoir tous les facteurs-seconds 
de l’équation C. Mais ces racines sont inconnues, lorsque léquation A 
est d’un degré trop élevé pour que l’algébre en puisse donner la solution. 
Cependant ces facteurs-seconds se peuvent toujours calculer et exhiber 
sous une forme rationnelle, au moyen des coetticients de l’équation A.’ ” 
And then from the known connection between the coefficients of an 
equation and the products of the roots taken one, two, . . . together. 
Cramer, by a somewhat intricate rule, deduced the values of all the 
symmetric functions required for the determinations of equation C. 

The essential feature of this rule is an arrangement of the ‘facteurs- 
premiers’ in lines according to a certain law : the first line,? for example, 
being of the type (0000), (0001), (0011), (0111), (1111), the second and 
third lines are (0002), (0012), (0112), (1112); (0003), (0013), (0113), 
(1113), and so on. The ‘ facteurs-seconds’ corresponding to the first line 
are easily seen to be these said sums of the products of the roots taken 
one, two, three, four together, and are thus equal to 1, [1], [17], [1°], [1‘]. 
All the ‘facteurs-seconds’ corresponding to the succeeding lines are then 
shown to be derivable, by means of a multiplication theorem for pairs of 
‘ facteurs-seconds,’ from ‘ facteurs-seconds ’ corresponding to terms in lines 
above them, and thus, finally, from the first line ; they can therefore be 
expressed rationally in terms of the coefficients of A. A typical example 
of the multiplication theorem is :* 


(0"-°111223) x (0-11) =(0"-111224) + 2(0"-*111233) 
4+ 3(0"-°112223) + 4(0"-71111223) 


where, as Cramer is careful to point out, the sum of the significant figures 
in each bracket of the result is the same, being equal to the sum of those 
in the two factors. The proof of the theorem lies in translating the 
symbols into the actual terms for which they stand, viz., using the modern 
> notation, 


Sabed?e2f? x a= Sabed’e?f4 + 2S abed?e#f? + 3Zaberd'e?7* + 43abede7f?g' 


as is sufficiently evident. A formal proof could, of course, easily be obtained 
by induction. When the coefficients of equation A are, as we have already 
assumed them to be, functions of y, the above characteristic of the multi- 
plication theorem enables Cramer to prove that the degree in y of the 
equation C cannot exceed mn. For each ‘ facteur-premier’ is easily seen 
to contain y to a power (mn—sum of its numbers), and it only remains to 
show that the corresponding ‘ facteur-second,’ when evaluated in terms of 
the coetticient of A, will contain y to a power equal to the sum of the 
numbers in its bracket. 


Now this is seen to be true of the ‘facteurs-seconds’ corresponding to 
Pp g 


1 Loc, cit., p, 664, 7 Loc. cit, p.665, * Loe, cit.,p, 663, * Looe. cit., p. 668, 
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the first line of ‘facteurs-premiers’ by reason of their known values. 
And since each ‘ facteur-second’ can be ultimately reduced, by means of 
the multiplication theorem, to the sum of products of those in the first 
line—the total sum of the significant figures in every such product being 
equal to that in the original bracket—it follows that this sum will be, 
as required, the power of y. The characteristic property of the multi- 
plication theorem, although only stated with regard to the roots of the 
equation, justifies the conclusion! that Cramer had conceived the idea of 
‘weight’ as applied to the expression in terms of the coefticients of a 
symmetric function of the roots, for the sum of the significant figures in 
the bracket of a ‘ facteur-second’ (which primarily denotes the degree in 
the roots) is shown in the proof we have sketched to persist throughout 
the process of tracing it back to the first line and to be thus equal to 
the sum of the suffixes in the equivalent expression in terms of the co- 
efficients. 


§ 8: Memoirs ON THE INTERSECTIONS OF PLANE CuRVES, FROM MACLAURIN 
to Lam#, 1720-1818. 


The progress of analytical geometry as a whole during this period of 
about a hundred years is mainly along the lines which Newton had begun 
to explore. The classic treatises of Euler and Cramer fall within its 
limits, but, original and fruitful as these werks were, they formed rather 
the climax of the purely Cartesian epoch than the beginning of the modern 
era. And it is noteworthy, as corroboration of this fact, that both were 
published before the year 1758, which saw the foundation of the Turin 
Academy under Lagrange, the ‘father of modern mathematics.’ The 
classification of curves according to the degree of their equations, the 
investigation of all possible types of the same order, of the infinite 
branches and of the singularities of a given curve, such were the chief 
problems which occupied these geometers. The notation employed is 
invariably the Cartesian equation written at full length ; the point was 
thus the primary element in the plane, and the properties of curves 
were studied as belonging to configurations of points. The number of 
intersections of a pair of curves and the possibility of passing a curve of 
given order through a certain number of given points are questions which 
really belong to a domain beyond the vision of the mathematicians of the 
eighteenth century—a domain in which a curve itself is the primary 
element and systems of curves the subject-matter of investigation. They 
arose, however, naturally enough, the moment the signiticance of the 
coefficients in the equation of a curve was recognised, and were only 
partially answered by Maclaurin, Euler, and Cramer before Lamé, in 1818, 
took a more important step in their elucidation than he himself probably 
realised. 

The enunciation of the paradox connected with these questions is due 
to Maclaurin.? It formsthe second corollary to the Lemma of Section V. in 
his ‘Geometrica Organica,’ and may be rendered as follows : ‘A line of 
order 7 can cut another of the same order in m? points. Hence two lines 


1 Brill and Noether, Jahresber. d. deutschen Math. Ver.,vol. iii. (1894), p.137. Gf. 
Cantor, vol. iii. p. 588. The reference given by the former to §§ 9, 10 of Cramer's 
Appendix II. is somewhat misleading, as these only deal with the degree in the 
roots ; but if the whole proof is studied their conclusion is fully established. 

= See § 6. 
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of order » may sometimes pass through the same w? points ; and thus 
given points whose number is 4n(n+3) do not suffice to determine a line 
of order 7 in such a way that the curve which can be drawn through them 
is unique ; yet, in truth, since the coefficients in the general equations of 
a line of order n are 4n(n+3) in, number, it is clear that, if more points 
are given, it is perhaps not possible to draw a line of order n through 
them, and the problem may be impossible. So nine points do not as fully 
determine a line of order three as five do a line of order two ; yet ten are 
too many for the determination of a line of order three.’ Shortly 
expressed, this amounts to the enigmatic statement that 5n(n+3) points 
both do and do not determine a curve of order » uniquely. Maclaurin 
makes no attempt at an explanation, and thirty years elapsed before the 
matter was again put forward in print. It then appeared simultaneously 
in two publications—in Cramer’s ‘ Analyse’ and in a memoir by Euler 
entitled ‘Sur une contradiction apparente dans la doctrine des lignes 
courbes,’ + 

Cramer had spent part of a two years’ leave of absence from his 
Geneva professorship in England, and it is perhaps due to this that he 
alone of foreign mathematicians gives the reference to Maclaurin’s 
corollary in a footnote to his own statement of the paradox :” ‘Une 
contradiction apparente . . . est celle-ci. Puisqu’une ligne de l’ordre m 
ne peut rencontrer une ligne de l’ordre m qu’en mn points, une ligne de 
Vordre v ne rencontrera une autre ligne de méme ordre qu’en v? points. 
Si done v? est égal ou plus grand que le nombre 40(v+3), qui est celui des 
points qui déterminent une ligne de l’ordre v, on pourra faire passer plus 
d’une ligne de Vordre v par 3v(v+3) points, ce qui semble contraire 
a article § 38.’ The explanation he offers is as follows : ‘ Cette contradic- 
tion se léve par la remarque qui termine § 38, c’est qu’encore qu’on ait 
autant d’équations qu'il en faut, généralement parlant, pour déterminer 
tous les coefficients de l’équation prise pour représenter la courbe qui doit 
passer par un certain nombre de points données, il peut pourtant arriver 
que ces coefficients restent indéterminés. Alors |’équation prise reste 
indéterminé et représente une infinité de courbes du méme ordre.’ His 
use of the plural, ‘ ces coefficients,’ is worth noting ; in § 38 it is even more 
emphatic : ‘ quelques-uns de ces coefficients’ ; he probably did not recog- 
nise that a single infinity only of curves is involved.* 

Singularly enough, Cramer, in enunciating the paradox, makes no 
mention of Euler, whose paper had been communicated to the Berlin 
Academy two years previously and printed in the year of publication of 
the ‘Analyse.’ The same volume of the ‘ Mémoires de Académie de 
Berlin’ contains an historical paper by Cramer himself, and it is rather 
improbable that he had no knowledge of Euler’s work.‘ Euler’s paper is 
written with characteristic naiveté, almost suggesting that he is writing 
down his own train of thought step by step, in meditating over the knotty 
point. By means of the simplest examples he illustrates the cause of 
a possible indetermination in one or more of m unknown quantities, con- 
nected by m equations, summing up thus: ‘ Une des quantités inconnues 
restera indéterminée si une des équations proposées est renfermée dans 
les autres. De plus, deux ou plusieurs quantités inconnues resteront 


! Acad. Berlin, année 1748, pp. 219-233. 2 Analyse, pp. 78, 79. 

3 Cf. Scott, Bull. Am. Math. Soc., vol. iv. (1898), p. 262. 

* Cf. Cantor, vol. iii. p. 797, where doubt is thrown on Cramer's statement that 
his Analyse was written quite independently of Euler’s Zniroductio 
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indéterminées s'il y a parmi les équations deux ou plusieurs, qui sont déja 
dans les autres, et qui par conséquent ne contribuent rien a la détermination 
renfermées des inconnues.’! This indicates more insight into the possi- 
bilities in the nature of asystem of equations than any passage in Cramer ; 
but when he proceeds to make use of this conclusion he fails to bring out 
the complete resolution of the paradox. He first considers the cases of 
a straight line and of a conic and shows how they may remain indeter- 
minate, even after assignation of two and five points respectively on 
them. These cases present no difficulty, but are not really relevant to 
the paradox, since in their case v? is less than $2(v+3) : they arise when 
the two assigned points coincide, and when of the five points four lie on 
a straight line. The cubic, which is the next curve he considers, and to 
which the paradox is applicable, is confessedly beyond his grasp : ‘Il est 
cependant fort difficile de définir ces cas généralement, comme j’ai fait pour 
les lignes du second ordre, puisque le calcul, 4 cause du grand nombre des 
points et des coefficients, deviendrait trop compliqué. Néanmoins il 
n’est pas difficile de découvrir plusieurs cas particuliers, ot ce defaut dans 
la détermination a lieu ; desquels on ne conclura pas difficilement, que 
le nombre de tels cas peut étre infiniment grand, ce qui suffit pour mon 
dessein.’? The particular cases alluded to are, first, when the nine points 
are so situated that the cubic through them must degenerate into a conic 
and a straight line: this is analogous to the case of the conic; 
and, next, when they are arranged in the shape of a square, so that the 
equation of a cubic through them is my(y?-a?)=nza(a-a”), ‘ou le rapport 
des coefficients m et n peut étre quelconque, de sorte qu’une infinité de 
lignes du troisiéme ordre peut étre indiquée, qui passent toutes par ces 
points donnés.’ # 

In view of the fact that Euler brings forward this example definitely 
as a special case, and that he does not even hint at a similar one in the 
discussion of quartics and quintics with which his paper closes, it is hardly 
likely that he recognised the universal application of the principle which 
underlies it; in fact, he actually deduces the equations of the two 
independent component cubics (each consisting of three straight lines) 
from the original equations by writing m=0, m=O, in succession. The 
principle itself was not formulated until more than sixty years had 
passed, by Lamé (1795-1870), so slowly do ideas grow. And, precisely as 
the theory of curves was originally explored in the interests of algebra 
before the reverse process set in, so here, the intersections of curves 
were studied with a view to the determination of the curves on which 
they lie long before the properties of the systems of curves themselves were 
investigated. 

In the preface to his ‘Examen des différentes méthodes employées 
pour resoudre les problémes de géométrie,’4 Lamé acknowledges that the 
general reflections on pure mathematics which occupy a quarter of his 
book were suggested to him by the problems which it contains ; this fact, 
characteristic of the practical engineer, does not detract from the theoretical 
importance of the general statement here made for the first time,? viz., 
that an equation whose left-hand side is formed by the additive combina- 
tion of the left-hand sides of two or three given equations of the same 
degree, each multiplied by an undetermined quantity, is the adequate repre- 


' Loe. cit., p. 227. * Loc. cit,, p. 231. 3 Loc. cit., p. 231. 
‘ Paris, 1818, pp. 124, 5 Loc. cit,, p. 28. 
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sentation of all geometrical loci of this degree which pass through the 

intersections of the lines or surfaces represented by the original equations. 

It is evident, however, from the examples, that Lamé is really concerned 

with actually obtaining the necessary conditions in order that three or 

four given equations may hold simultaneously, and that the singly infinite 

(and linear) nature of the system in the one case and the doubly infinite 

(and linear) nature of the system in the other are not of primary import- 

ance to him. 

Meteorological Observations on Ben Nevis.—Report of the Committee, 
consisting of Lord M‘LAREN, Professor A. CruM Brown (Secretary), 
Sir Jonn Murray, Professor CopELAND, and Dr. ALEXANDER 
Bucwan. (Drawn up by Dr. Bucwan.) 


THe Committee were appointed for the purpose of co-operating with the 
Scottish Meteorological Society in making meteorological observations at 
the two Ben Nevis Observatories. 

The hourly eye-observations made at the top of the mountain by night 
as well as by day have been regularly made by Mr. Angus Rankin, the 
superintendent, and staff of assistants. As the observatory at Fort 
William is one of the observatories of the Meteorological Council, the 
observations there are taken from the photographic curves. 

The health of the observers has been good during the year. The 
directors desire to express their very cordial thanks to Messrs. A. Watt, 
M.A., T. Affleck, R. Aitken, William 8. Bruce, and G. Philip for the 
invaluable services rendered by them as volunteer observers at certain 
seasons of the year, particularly during the summer months, thus securing 
to the members of the staff of both observatories the rest they needed from 
their arduous work; and to Messrs. Wedderburn and Aiken for the 
valuable observations they have made this summer at the half-way station 
on the Ben. 

The principal results of the observations made at the two observatories 
during 1900 are detailed in Table I. 


Tasre I. 


1901 | Jan. | Feb, | March| April | May | June | July | Aug. | Sept, | Oct, Nov. | Dee, Year | 


Mean Pressure in Inches. 


Ben Nevis Ob- }25°230| 25°399| 25°133) 25°162) 25°578) 25°431) 25°559] 25°440) 25'334| 25°249) 25470) 24°912) 25-325! 
servatory 
Fort William | 29:874] 30-078] 29°755] 29'722| 30°18 | 29-964)30-022| 29-934] 29°827 ‘ata 30090] 29°490) 29°889 
Differences .| 4:644| 4°679| 4°622] 4:560| 4-530| 4-533| 4°463| 4-494] 4-493/ 4-552| 4-620) 4578] 4-564 
Mean Temperatures, 

2 f°) ° o ° io} io} ie} ° ° 9 ie} ° 
BenNevisOb-| 24:0 | 22:0 | 283 | 285 | 88:3] 36:9 | 47°83 | 40:7 | 39°0] 30°9 | 284] 23:2 | 31:9 
ser vatory 
Fort William | 40:2 | 36:7 | 39°6 | 46:2 | 62:9 | 53:9 | G12] 565} 55°38 | 46:5 | 41:8 | 37-1 | 47:3 
Differences . | 16-2 | 14°7 | 16:3 | 167 | 146 | 17-0 | 134 | 16°8| 168] 15:6 | 134 | 13:9 | 15-4 

Extremes of Temperature, Maxima. 
Ben NevisOb-| 361 | 31°3 } 41:2 | 44:0] 52°0 | 571) 63:0 | 56:0; 49-0 | 44-4 | 390 | 37:5 | 63:0 
servatory 
Fort William| 58:2 | 48:0 | 53:3 | 69°9 | 72:0 | 74:6 | 79°6 | 69°5 | 69-2 er | 553 | 53:0 | 79°6 
Differences . | 17:1 | 16°77 | 12°71 | 25°9 | 209 | 17° | 166 | 135 | 20:2 | 17°77 | 163! 155 | 259 
Extremes of Temperature, Minima. 

Ben Nevis Ob- 91 85 63 | 143) 223 | 248) 33:9 | 283) 283 | 21:3] 136 | 123 6°3 
servatory 
Fort William | 26°3 | 20°2 | 15:2 | 282) 31:5 | 383 | 47°0 | 4(°1 | 361] 30°4] 20°99 | 182 | 152 
Differences 172 | 11:7 89 | 13°9 92 | 13°5 | 13°12 | 11°8 73) h) 29 73 59, — 
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TABLE I.—continued. 


1901 | Jan. | Feb. |March| April May | June | July | Aug. | Sept. | Oct. | Nov.| Dec. | Year 


Rainfall, in Inches. 


Ben NevisOb-| 20°12] 5°91) 14°95 | 12°87; 4°74] 13°19] 4:54) 12:93) 10°65 noir 15°09 | 25°43 


servatory 


156°43 


Fort William | 7°86| 2:09) 4:22] 5°62 1-44! 5:97/ 3:13! 5°62) 6-64) 9:55) 4:64) 1068] 67-46 
Differences .| 1314] 3:87] 11:06] 7:49] 333] 7:34] 1:35] 7°62] 4:05| 6:87) 10°46 | 15°45 | 92-03 
Number of Days 1 in. or more fell. 

BenNeyisOb-| 9 1 Aa 6) ltvegh 4 1 5 3 4 4 | 12) 54 
servatory | | | 
Fort William | 1 0 1 a ee) 1 0 1 2 1 1 2 | 10 
Differences . 8 1 3 | Gira au 3 i: 4 1 3 3 10 44 


Number of Days 0:01 in. or more Sell. 
Ben Be Ob 27 15 18 19 14 24 21 25 18 


27 23 28 | 259 
servatory | 
Fort William | 22 19 |. 15 19 12 18 16 23 18 25 21 27 =| 235 
Differences . | 5 +4 3 0 2 6 5 2 0 2 2 1 24 
Mean Rainband.(scale 0-8). 
BenNeyisOb-| 24 | 17 | 11 | a7) 18) 28) 32) 26) 25) 18) 16.) 19] 22 
servatory | 
Fort William | 3°4 2°9 29 | 34 3°5 40 | 3°6 43 4:3 3:8 33 37 36 
Differences . — _ =i — — _ _ — — _— —_ _— — 
Number of Howrs of Bright Sunshine. 
BenNevisOb-; 14 52 87 102 | 239 75 124 59 67 15 44 16 | 894 
servatory } 
Fort William 14 49 113 136 248 159 139 | 114 114 59 40 12 |1,197 
Differences . 0 +3 | 26 34 9 84 15 55 47 44 +4 +4 303 


Mean Hourly Velocity of Wind, in Miles. 


Ben NevisOb-| 18 | oP | 2 22 Bt 10 10 15 21 18 13 | 15 15 
servatory | | 


Percentage of Cloud 
Ben NevisOb-| 91 80 | 75 79 | 56 | 36 77 90 86 89 80 29 81 


servatory 
Fort William | 80 70 65 64 52 76 80 78 68 76 72 76 71 
Differences . 11 10 10 15 4 10 +3 12 18 13 8 13 10 


This table shows for 1901 the mean monthly and extreme temperature 
and pressure ; the amounts of rainfall, the number of days of rainfall, and 
of days on which it equalled or exceeded an inch ; the hours of sunshine ; 
the mean rainband ; and the mean velocity in miles per hour of the wind 
at the top of the mountain. The mean barometric pressures at Fort 
William are reduced to 32° and sea level, but those at Ben Nevis 
Observatory to 32° only. 

At Fort William the mean atmospheric pressure was 29-889 inches, 
or 0°032 inch above the average. The mean at the top was 25°325 inches, 
or 0°620 inch above the average. The mean difference for the two 
observatories was 4564 inches. At the top the absolutely highest 
pressure for the year was 26-037 inches in May, this being the highest 
hitherto recorded in May, and the lowest 24°159 inches in December. 
We may note that in 8 years out of 18 the Ben Nevis barometer has not 
given a reading below 24 inches. At Fort William the absolutely highest 
pressure was 30°552 inches in November, and the lowest 28°549 inches in 
December. The differences of the extremes at top and bottom were 
therefore 1-878 inch and 2:003 inches respectively. 

The deviations of the mean temperatures of the months from their 
respective averages are shown in Table IJ. :— 
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Tase II. 


Fort Top of 
William. Ben Nevis. 


Fort Top of 
William. Ben Nevis 


° ° ° 
January . F ett —01 July. : 3 . +39 + 6:4 
February . : . —2-4 —18 August. ; . —0°6 0:0 
March . - . —08 —0°6 September 5 . +25 +10 
2 hia 8 “EO: oa) / Ottober 3... sacl —0-4 
May ; - . +30 +50 | November é . —02 +0°5 
June : - - -L9 —2'8 December : . 29 —2°0 


At both observatories Fepruary was the coldest month of the year. 
In this month northerly winds were seven days in excess of the average 
prevalence, and winds from south and south-west correspondingly defec- 
tive. May and July were both exceptionally warm months, the general 
type of weather being eminently anticyclonic, with a very large excess of 
sunshine. The absolutely highest temperature for the year at Fort 
William was 79°-6 on July 20, and at the top 63°-0 on July 3, and the 
lowest at Fort William 15°-2 on March 29, and at the top 6°3 on 
March 25. 

In Table III. are given for each month the lowest observed hygro- 
metric readings at the top of Ben Nevis :— 


Tasie III. 


| | | ea ac | | 
1901 Jan. | Feb. | Mar. | April| May | June | July | Aug. | Sept.| Oct. , Nov. | Dec. 
Reeeg | Cees rn / pen | eens fae 
| ° ° | ° ° ° ° a) ‘ ° | ° | ° | ° ° 
Dry Bulb . | 205 | 24°0 | 27°9 | 30:0 | 40°3 | 53:0 | 48:9 53:0 | 33°1 | 280 | 32:0 | 21°3 
Wet Bulb . - | 171) 19°0 | 19°6 | 231 | 29°6 | 39°3 | 35°1 | 37°2 | 28:2 | 23:9 | 2775 | 16:7 
Dew-point . | -6°7 |-10°5 |-144 | 1°4 | 15°7 | 25°6 | 19°9 214) 184) 71) 17°1 | -15°6 | 
Elastic Force . . | *081 | °026 | 022 | -047 | -089 | 139 107 | +115 | +100 | ‘060 | 094 | 020 
Relative Humidity 28 20 14 | 28 36 | 34 31 | 28 53 39 | 52 18 
[Sat.=100] | | | 
Day of Month ¢ 10 90" |). 5,211 17 13 7 6.| 20 2 29 | 2 22 
HourofDay. . 2 7\ 8| 10 5| 18| 21) 18 Sea roT || Aak 8 8 
| | | | | | 


Of these relative humidities the lowest, 14, occurred on March 21, 
with a dew-point of —14°-4. The lowest dew-point of the year was 
—15°-6 on December 22, the dry bulb being 21°°3 and the wet bulb 
16°:7. A noticeable feature of the table is the unusually high values of 
the minimum humidities in September and November. In the former 
month the atmosphere on the top of Ben Nevis was continuously saturated 
from the evening of the 5th till noon on the 11th, and then almost con- 
tinuously until the 14th. From the 17th to 29th inclusive there were 
only a few scattered hours at which the humidity was not 100. In 
November, the 8th to 14th and 17th to 30th were periods of continuous 
saturation. 

The rainfall for the year at the top was 156-43 inches, being 
less than the average by 1°27 inch. This rainfall was no less than 
53-90 inches below the very heavy amount recorded for 1900. June was 
a very wet month, the rainfall of 13:19 inches being 5-32 inches above 
the average and greater than any June rainfall except that of 1892, 
14:07 inches. February and July were comparatively dry months, with 
amounts 5:91 inches and 6:02 inches below their respective averages. 
The greatest fall recorded in a single day was 4:77 inches on March 5. 
At Fort William the annual rainfall was 67:46 inches, being 9°88 inches, 
or 13 per cent., below the average. 


96 REPORT —1902, 


At the top of Ben Nevis the number of rainy days was 259, and at 
Fort William 235, At the top the maximum monthly was 28 days in 
December, and at Fort William 27 days in the same month. In May 
there were only 14 rainy days at the top and 12 at Fort William. 
During the year the number of days on which 1 inch of rain or more 
fell at the top was 54, whereas at Fort William the number of such 
days was only 10. The corresponding numbers for 1900 were 69 and 15. 

The sunshine recorder on Ben Nevis showed 894 hours out of a 
possible of 4,473 hours, or 20 per cent. of the possible sunshine. The 
average of the past 18 years being 756 hours, the sunshine of 1901 was 
138 hours above the average. May and July were the two sunniest 
months with amounts 117 hours and 42 hours above their respective 
averages. The amount of 75 hours in June was deficient by no fewer than 
62 hours. At Fort William the number of hours was 1,197, or 44 
hours above the average of 11 years. The amount for May was 86 hours 
above, and that for June 29 hours below the average. 

At the Ben Nevis Observatory the mean percentage of cloud was 81, 
and at Fort William 71, both fractionally below the average. At the top 
the cloudiest month was December with 91 per cent. This is a low 
value for the maximum monthly amount, and we may contrast it with 
97 in December and 96 in January in 1900. We may note very low 
cloud amounts at both top and bottom for May. 

Auroras were observed on February 19, 20 ; July 27, 28; August 20 ; 
October 9. 

St. Elmo’s Fire was seen on January 2, 24, 30 ; July 14; October 17, 
22; December 31. 

Zodiacal Light :—Not observed during the year. 

Thunder and Lightning :—July 14, 18, 19, 20, 21, 22. 

Thunder only :—June 11 ; August 12. 

Solar Halos :—June 7, 29 ; July 14; September 30. 

: Lunar Halos :—April 2, 23, 27 ; October 29 ; November 21 ; Decem- 
er 22. 

Meteors :—May 13, 16. 

During the past year Mr. Ormond’s time has been chiefly given to 
revising and otherwise preparing for publication the ‘ Meteorology of the 
Ben Nevis Observations,’ Part II., containing the observations for the 
years 1888, 1889, 1890, 1891, and 1892, and an Appendix containing the 
results of several papers which have appeared in the publications of the 
Royal Society of Edinburgh and the Scottish Meteorological Society, as 
well as papers specially written for this volume. A copy of the volume 
accompanies this report. This is the first of the three volumes for the 
printing of which the Royal Societies of London and Edinburgh have 
each voted 500/. The second of these volumes is now in the printer's 
hands. 

Meanwhile other large researches are being carried on in the Society’s 
office on the lines indicated by your Committee in their Report to the 
British Association at Glasgow last year. Dr. Buchan’s time has been 
almost wholly occupied with a discussion of the hourly observations of 
pressure, temperature, humidity, sunshine, and rainfall at the two 
observatories, with their interrelations, particularly with the important 
bearings of the results on weather changes. 

So far as the discussion has gone the chief outcome is this, while the 
difference of the mean temperatures of the two observatories is nearly 


METEOROLOGICAL OBSERVATIONS ON BEN NEVIS. 97 


15°-5, the reduction of the two barometers to sea level closely agrees after 
a further reduction for diurnal and seasonal differences, the final dif- 
ference being only the small difference of 0-005 inch on an average of the 
ten years beginning with 1891. But if, on the one hand, the mean 
temperature differences be 12°-0 or less, the difference of the reduced 
barometers is much less; and, on the other hand, if the temperature 
differences be 18°:0 or more, then the difference of the reduced baro- 
meters is much greater. In the former case the type of weather has 
been strongly anticyclonic, but in the latter equally strongly cyclonic. 

A vital result which comes out in the course of this discussion is 
shown in the hourly reduced daily values indicating the transition from 
the anticyclonic to the cyclonic type of weather to be generally slow, 
extending over several days, thus prolonging in many cases the time of 
our prevision of the more marked weather changes. It is contemplated 
that at least another year’s discussion of the important question here 
raised will be required. 

It is scarcely necessary to remark that the result here empirically 
arrived at is in accordance with the principle laid down by Dalton : 
‘Air charged with vapour or vaporised air is specifically lighter than 
when without the vapour ; or, in other words, the more vapour ey given 
quantity of atmospheric air has in it, the less is its specific gravity,’ 


Statistics concerning the Training of Chemists employed in English 
Chemical Industries.—Report of the Committee, consisting of Pro- 
fessor W. H. Perxin (Chairman), Professor G. G. HENDERSON 
(Secretary), Professor H. E. ARMSTRONG, and Mr. G. T. BEILBy. 


THE Committee decided that the best method of obtaining the desired 
statistics concerning the training of the chemists employed in English 
chemical industries was to send a circular-letter, with a form for reply en- 
closed, to all those members of the Society of Chemical Industry who, so 
far as could be judged from the designations given in the list of members, 
occupy a position as manager or chemist in a works. This method was 
adopted because the great majority of the chemists engaged in techno- 
logical work in this country are members of that Society, and because 
no other means of obtaining the information seemed practicable. The 
result of the inquiry was that more than half of those addressed sent 
replies to the circular. It is probable that a considerable proportion of 
those who did not reply are not engaged in chemical works, and therefore 
the following statistics may be considered to give a fair idea of the present 
position. 

Information concerning their course of training was received from 
502 managers and chemists employed in English chemical industries. 
Of these, 107, or 21 per cent., are graduates, and 395 have not taken 


a degree ; 111, or 22 per cent., are Fellows or Associates of the Institute 
of Chemistry. 


1 Dalton, Meteorological Observations and Essays, 2nd ed,, Manchester, 1834, 
p. 100. 
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The following figures give more detailed information ;— 


Number of graduates of a British University . eof 59 
Number of graduates of both a British and a foreign "University SG, 
Number of graduates of a foreign University , ° : “ . poet 


Number of non-graduates trained in a British University or Uni- 
versity College P « JB3T% 

Number of non-graduates trained ; ina ) British Technical College - 165 

Number of non-graduates trained in a foreign University or Technical 


College. 2 8 

Number of non-graduates "trained in Evening Classes, analysts’ 
laboratories, works’ laboratories, or otherwise . c . erOARBB: 
395 


The distribution of the chemists among the principal industries is 
shown in the following table :— 


Graduates Non-graduates, trained in 
| cies! | 
& St | pe 
ge]. ls). |ee los 
Industry | aa Ee foe bo | = a 38 does Boos 
2 |e mee | Pe | 38 |PsS | ba 
i328 |ah [oS [ss | 8° | oe | aS 
Spe Prete eo gale Shs fed | 5 
on a 20 
a p aa 
es 
Acids, Alkalis, Inorganic 9 3 5 20 19 2 20 78 
Salts 
Metallurgical (various) 1 — 4 19 13 — 14 51 
Explosives * 6 = 1 4 28 1 6 46 
Dyeing and Printing 3 — _ 13 16 — 5 37 
Oils, Fats, Soap, 2 1 3 11 9 1 5 32 
Candles | 
Colours, Pigments, Oils, 8 1 2 6 5 — | 6 28 
Varnishes 
Brewing and Distilling 3 — 4 8 12 — 28 
Fine Chemicals, Phar- 7 — — 9 6 — 4 26 
maceuticals, Confec- 
tions 
Sugar, Starch, Glucose . 3 2 1 2 8 — 3 19 
Cement, Tiles, Pottery. | — 1 1 5 10 1 18 
Aniline Colours . : 2 3 7 2 2 ul -— 17 
Tar Distilling _— — — 5 § — 3 16 
Paper, Paper Pulp —_— — 2 3 3 =_> — 8 
Glue, Gelatine, Size = 1 = Ay ly ahs — — TA 
Paraffin and Paraffin , — — _— 3 4 | — -— 0 
Oil | 
Dyewood and Tanning | -—- -— — 5 2.) — — i 
Extracts 
Cyanides and Ferro- 3 1{/—] = 2/)/—)-— 6 
cyanides | 
Glass. ; ; : 2 — — 2 il ae ae | 6 
Coal Gas “ : | = 1 = — 3 — 2 6 
Miscellaneous 5 : 10 2 2 16 12 3 14 59 
Total 6 qo 24) 59 16 32 | 137 | 165 8 | 85 | 502 


1 Thirteen of whom studied also in a British University or Technical College. 
2 Twenty of whom studied also in a foreign University or Technical College. 
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Absorption Spectra and Ohemical. Constitution of Organic Substances.— 
Fourth Interim Report of the Committee, consisting of Professor 
W. Noet Hartiey (Chairman and Secretary), Professor F. R. 
Japp, Professor J. J. Dopsre, and Mr. ALEXANDER LavupER, 
appointed to investigate the Relation between the Absorption Spectra 
and Chemical Constitution of Orqanie Substances. 


TuE Committee has been occupied with two distinct branches of its work, 
each of which has demanded a large share of attention. First, the spectra 
and constitution of phloroglucinol and of substances derived therefrom, as 
being intimately connected with tautomerism. Secondly, the absorption 
curve of quinone and substances of a like nature, as being connected with 
the view that quinone has a special structure, and that all organic colour- 
ing matters are constructed on the same type. 


Part I.—The Absorption Spectra of Phloroglucinol and some of its Deri- 
vatives. By W. N. Hartiey, D.Sc., P.R.S., James J. Dossie, D.Se., 
M.A., and ALEXANDER Laupsr, B.Sc.! 


Phloroglucinol reacts with some reagents as a phenol, with others as a 
ketone. When heated with phenyl-isocyanate in benzene solution it yields 
a tricarbanilide derivative, C,;,H,(O‘-CO-NH-C,H;),, and when alkyl- 
ated under certain conditions it gives derivatives which are regarded as 
true ethers, since their alkyl groups are split off by heating with hydrogen 
iodide. On the other hand, it reacts with hydroxylamine with formation 
of a trioxime, and forms alkylated derivatives, from which the alkyl 
groups are not split off by boiling with hydrogen iodide. It is impossible, 
therefore, from its chemical behaviour to decide whether the oxygen atoms 
of phloroglucinol are present in enolic or ketonic groups ; that is to say, 
whether it possesses the structure (I.) or (II.)— 


(OH) CO 
sae Nig sie Dis 
(HO)C. /C. (OH) oc co 
CH CH, 
I. II. 


If it possesses the structure represented by (I.) its absorption spectra 
should closely resemble the spectra of the trimethyl ether, M.P. 52°, which 
is decomposed by boiling with hydrogen iodide. If, on the other hand, it 
possesses the structure represented by (TI.), its spectra should resemble 
those of the alkyl derivatives which are not decomposed under this treat- 
ment. 

Before comparing the absorption spectra of phloroglucinol and its alkyl 
derivatives we deemed it advisable to examine specimens of phloroglucinol 
from as many different sources as possible, and for this purpose specimens 
were prepared from (1) kino, (2) maclurin, (3) resorcinol, (4) phenol, and 


1 Chem. Soc. Trans., August 1902. 
H2 
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(5) phloroglucinol tricarboxylic ester. As the melting-point of phloro- 
glucinol is variously stated at temperatures ranging from 210-217°, we 
made a careful comparison of all our pure preparations with the view of 
determining whether specimens obtained from different sources really 
differ from one another as regards this property, or whether the differences 
observed are merely due, as stated by Baeyer,! to the various determina- 
tions not having been made under the same conditions. We first com- 
pared several specimens of phloroglucinol from kino which had been 
carefully purified by recrystallisation, and found that when slowly heated 
side by side they melted at 210°, and when quickly heated at 217°. All 
the other specimens when heated side by side with the specimens from 
kino behaved in the same way. 

The absorption spectra of aqueous solutions of all the five specimens 
were photographed, and the curves on comparison were found to be 
practically identical. It may therefore be regarded as definitely estab- 
lished that phloroglucinol from whatever source obtained has always the 
same structure. 

On comparing the spectra of phloroglucinol with those of the trimethyl 
ether, M.P. 52°, the resemblance between them was found to be so close as 
to leave no doubt as to the enolic structure of phloroglucinol, assuming 
that the ether itself possesses this structure. 

Furthermore, the resemblance is so close that it is impossible to 
suppose that the phloroglucinol contains any appreciable quantity of sub- 
stance with a ketonic structure.” 

Both phloroglucinol and its trimethyl ether show a selective absorp- 
tion, the absorption band, however, not being strongly marked. If phloro- 
glucinol possessed the ketonic structure the absorption band would be 
entirely absent since diketohexamethylene, a substance of similar structure 
to the ketonic derivatives of phloroglucinol, shows only general absorption,* 


Diketohexamethylene. 


On the other hand, the presence of an absorption band is characteristic 
of substances having the true benzenoid structure ; confirmation of this 
conclusion is afforded by the great similarity which exists between the 
spectra of phloroglucinol and those of pyrogallol, a substance which 
exhibits no ketonic reactions. The spectra of pyrogallol were described 
by Hartley and Huntington,’ but as the method of representation 
employed at that time was different from that now adopted, we have 
rephotographed the spectra and redrawn the curve to facilitate comparison 
with phloroglucinol. For the same reason we include in this paper an 
account of the re-examination of the absorption spectra of phenol.® 


1 Ber., 19, 2186. 

2 Chem. Soc. Trans., 1899, 75, 640; 1900, 77, 839, 

3 Thid., 1898, 78, 598. 

4 Baeyer, Ber., 19, 163. 

5 Hartley and Huntington, Phil. Trans., Part 1., 1879, 257, 
6 Hartley and Huntington, loc. cit. , 
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We have also rephotographed and remeasured the absorption spectra 
of quinol, resorcinol, and pyrocatechol, which were described by Hartley 
in 1888.' The agreement between the new and old series of measure- 
ments is so close, although taken from photographs of the spectra of 
different preparations and photographed with different instruments, after 
an interval of fourteen years, that we have not thought it necessary to 
repeat an account of them in this paper. 

On comparing the mono-, di-, and tri-hydroxy-derivatives it will be 
observed that while the spectra of the mono- and di-derivatives agree 
very closely, those of phenol and pyrocatechol being almost identical, the 
spectra of the tri-hydroxy-derivatives differ from the others in showing 
less general absorption and in having the absorption band much less 
distinctly marked. 


Experimental Fart. 


Phloroglucinol.—The specimens of phloroglucinol which we examined 
were obtained from five different sources. 

(1) Specimens prepared from kino were obtained from Merck and from 
Schuchardt. Both preparations were supplied to us in beautiful scaly 
crystals, which were practically colourless, and behaved in exactly the 
same way when heated side by side. They were recrystallised repeatedly 
from water before being photographed. 

(2) Commercial phloroglucinol, prepared by Schuchardt from resorcinol, 
was purified by the method given by Will? and Skraup.* The purification 
was completed by boiling with charcoal and crystallising repeatedly from 
water. The specimen was then tested for diresorcin by dissolving in 
concentrated sulphuric acid and heating the solution in the water-bath 
with acetic anhydride. No violet coloration was produced.* All the 
specimens of commercial phloroglucinol used in the course of this investi- 
gation were purified by the above method. 

(3) Phloroglucinol was prepared from the tricarboxylic ester by 
fusion with potassium hydroxide.® The specimen obtained by this method 
crystallised very readily in beautiful plates, which, after being recrystallised 
several times, had the correct melting-point. 

(4) The method given by Barth and Schreder® was employed in the 
preparation of a fourth specimen. Phenol was melted with six times its 
weight of sodium hydroxide, and heated until the evolution of hydrogen 
ceased. The fused mass was acidified with dilute sulphuric acid, and the 
phloroglucinol extracted with ether. The yield of phloroglucinol was 
small. So far as we could detect, its properties were identical with those 
of the other specimens which we examined. It melted at the same tem- 
perature as the specimens from kino when the determinations were 
carried out side by side. Its absorption spectra were also identical with 
those of the specimens from kino. If, as stated by Gautier,’ an isomer of 
phloroglucinol is obtained by fusing phenol with soda, it is certain that 
phloroglucinol is likewise one of the products of the reaction. 

(5) A fifth specimen was prepared from maclurin by fusion with 
potassium hydroxide according to the method described by Hlasiwetz 
and Pfaundler.® 


1 Chem. Soc. Trans., 1888, 58, 641. 2 Ber., 18, 1323. 
3 Monatshefte, 10, 724. 4 Herzig and Zeisel, Monatshefte, 1890, 11, 421. 
5 Baeyer, Ber., 18, 3454. ® Ber., 1879, 12, 417. 


7 Bull. Soc, Chim., 38, 585. 8 Ann., 127, 351. 
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The absorption spectra of aqueous solutions of all the specimens of 
phloroglucinol described above were photographed, and, on comparison, 
found to be identical. The measurements were actually taken and the 
curve drawn from the photographs of the specimen prepared from resorcin 


and purified by Skraup’s method. 
A layer 50 mm, thick of a solution containing 1 milligram molecule in 


Curves of Molecular Vibrations—(1) Phloroglucinol ; (2) Trimethylphloroglucinol. 
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20 c.c water absorbs all rays beyond !/\ 3323 (\=3009), while a layer 
5 mm. thick of the same solution absorbs all rays beyond 1/\ 3568 
(A= 2802). 

The absorption band is not strongly marked : it appears first in the layer 
1mm. thickfof the*solution containing 1 milligram-molecule in 20 e.c. 
water, and nearly dies out in the layer 2 mm. thick of the solution con- 
taining 1 milligram-molecule in 100 c.c., although its position is still 
distinctly traceable by the weakness of the spectra in solutions of greater 
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dilution. The absorption spectra of phloroglucinol in aqueous and alcoholic 
solutions are identical. 

Phloroglucinol trimethyl ether.—This compound was prepared by 
saturating a solution of pure phloroglucinol in methyl alcohol with hydro 
chloric acid gas, and subsequently treating the dimethyl] ether so obtained 


Curves of Molecular Vibrations —(3) Pyrogallol; (4) Phenol. 
Scale of Csclloctiory -Irequats 
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with methyl iodide and potassium hydroxide dissolved in methyl alcohol.! 
The product is an oil which quickly solidifies to beautiful colourless 
prisms, M.P. 52:5°. 

The spectra of this substance in alcoholic solution were photographed, 
and the compound itself was afterwards recovered from the alcoholic 
solution and found to be unaltered. The spectra are practically identical 
with those of phloroglucinol, as will be seen from a comparison of the 
measurements and curves. 


? Will, Ber., 21, 608. 
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Pyrogallol.—A specimen of pyrogallol obtained from Schuchardt was 
purified by crystallisation. It melted at 132-134°. It was _photo- 
graphed in aqueous solution, and gave spectra very similar to those of 
phloroglucinol ; the amount of general absorption is slightly greater ; the 
absorption band, which occupies the same position, is somewhat narrower, 
and dies out at the same degree of dilution as in the case of phloro- 
glucinol. 

Phenol.—The specimen employed was prepared from the purest sali- 
cylic acid by distillation with lime, B.P. 182°. The salicylic acid, 
‘ physiologically pure,’ was kindly presented for the purpose of this inves- 
tigation by Messrs. Burgoyne, Burbidges, and Co. It has been shown by 
Hartley ! that the natural salicylic acid, and that prepared by Klobe’s pro- 
cess but purified by recrystallising the calcium salt and separating the 
acid, are identical in physical and chemical properties. 


PHLOROGLUCINOL. 
C,H,(OH), [1:3:5]. M.P. 210-217°. 
Prepared from resorcin and purified by Skraup’s method. 


Thickness of 


layer of liquid Description of Spectrum | ied A 
in millimetres A 
1 milligram-molecule in 20 c.c. water. 
50 and 25 Spectrum continuous to : : 3323 3009 
20 and 15 | ” » : . : 3362 2974 
10 | ‘ Fa od | 3521 2840 
5,4,3,2 | ss : 3568 2802 
L _ > =| | 8638 2748 
| Absorption band 4 : . | 8688-8886 | 2748-2573 
| Line at . . : 3 ; ; .| 3886 2573 
1 milligram-molecule in 100 c.c. rater. 
5 and 4 Spectrum continuous to : é . 3638 2748 
Absorption band . ; : : . | 8638-3886 | 2748-2573 
Line at . : 3886 2573 
3 Same as 4, but with very faint indica- 
tion of spectrum from 9 . | 3886-4117 | 2573-2248 
2 Spectrum continuous to : : 5 3638 2748 
Absorption band . 2 . | 3688-3886 | 2748-2573 
Lines showing in absorption band at. 36938, 3824 | 2707, 2615 
Weak spectrum transmitted from . . | 3886-4133 | 2573-2419 
il Spectrum practically continuous to. 4133 2419 
But still weak in the position of the 
absorption band. 
1 milligram-molecule in 500 c.c. water. 
5 Spectrum practically continuous to. 4133 2419 
| But still weak in the position of the 
| absorption band. 
4 and 3 aa aia continuous to : : ; 4175 2395 
D | 5 4320 2314 
| 1 | 4421 2261 


bh) ” 


1 Hartley, Chem. Soc. Trans., 1888, 58, 664, 


ON ABSORPTION SPECTRA AND CHEMICAL CONSTITUTION. 


TRIMETHYLPHLOROGLUCINOL: 
C,H,(O'CH,), [1:3:5]. M.P. 62°. 


105 


Thickness of 


layer of liquid Description of Spectrum tas A 
in millimetres a 
1 milligram-molecule in 100 c.c. alcohol. 
25 Spectrum continuous to ; ; .!| 3534 2829 
20, 15, 10 x4 rs : : t 3568 2802 
5 and 4 a 53 E : .| 3638 2748 
Absorption band . 5 : : . | 8638-3886 | 2748-2573 
Line at . : : ‘ : 3886 2573 
3 Spectrum continuous to < : ‘ 3638 2748 
Absorption band . . | 36388-3886 | 2748-2573 
Lines showing in absorption ‘band at. 3694 2707 
and 3824 2615 
Very faint indications of spectrum 
beyond . : 3886 573 
2 Spectrum practically continuous to : 4038 2476 
Still weak in position of absorption 
band. 
1 Spectrum continuous to : : 4133 2419 
1 milligram-molecule in 500 c.c. alcohol. 
5, 4,3 and 2 | Spectrum continuous to 3 r : 4133 2419 
1 i = : F 3 4421 2261 
PyYROGALLOL. 
O;H,(OH), [1:2:3]. M.P. 132~134°. 
Thickness of 1 
layer of liquid | Description of Spectrum — DN 
in millimetres _ ‘ 
1 milligram-molecule in 20 ¢.c. water. 
25 Spectrum continuous to : : - | 3386 2954 
20 and 15 “: 5 5 , : .| 3474 2878 
10 = 3 : - ; 3491 2864 
bral) 
4, 3,2 i re Fe “ 0 . : 3521 2840 
1 . a 4 3568 2802 
1 milligram-molecule in 100 c.c. water. 
5 and 4 Spectrum continuous to : , 2 3568 2802 
3 Fe a 3 ‘ . : 3638 2748 
Absorption band . c c . . | 8638-3886 | 2748-2573 
Line at . < ; : . 3886 2573 
2 Spectrum continuous to : = : 3638 2748 
Absorption band . - : cs . | 8638-3824 | 2748-2615 
Very weak spectrum from. . | 3824-4125 | 2615-2424 
Line showing in absorption band at 3694 2707 
1 Spectrum practically continuous to . 4125 2424 


But still weak in the position of the 
absorption band. 
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PYROGALLOL—continued. 


Thickness of 


layer of liquid Description of Spectrum x A 
in millimetres 
1 milligram-molecule in 500 c.c. water. 
5 Spectrum practically continuous to. 4125 2424 
But still weak in the position of the 
absorption band. 
4 Spectrum continuous to . 4165 2400 
But still weak in the position of the 
absorption band. 
3 Spectrum continuous to - 4297 2327 
2 a - 9 4321 2314 
1 5 9 33 4405 2270 
PHENOL. 
CH. (OH) > (Biba leer. 
Thickness of 1 
layer of liquid Description of Spectrum - A 
in millimetres a 
1 milligram-molecule in 20 ¢.c. alcohol. ; 
25 and 20 Spectrum continuous to P 3179 3145 
15 + 55 = 3179 3145 
Faint prolongation to 3240 3086 
10 and 5 Spectrum continuous to 3295 3034 
4 and 3 A sy - 3323 3009 
Bi Ae S5 e +3 - , .| 8354 2981 
1 miiligram-molecule in 100 c.c. alcohol. 
5 Spectrum continuous to : 3429 2916 
Lines showing very faintly at 3 4125 2424 
and | 4245 2355 
4 Spectrum continuous to - 3429 2916 
Absorption band 3429-4112 | 2916-2481 
Spectrum continuous to 4112-4125 | 2431-2424 
3 95 in 3491 2864 
Absorption band : 3491-4112 | 2864-2431 
Spectrum continuous from 4112-4245 | 2431-2355 
2 > to 3521 2840 
Absor “ption band . 3521-3886 | 2840-2573 
Spectrum continuous from 3886-4321 | 2573-2514 
1 milligram-molecule in 600 c.c. alcohol. 
5 Spectrum continuous to ' 3527 2835 
Absorption band 3527-3824 | 2835-2615 
Lines showing in absorption ‘band at 3568 2802 
and 3638 2748 
Spectrum continuous from . | 3824-4321 | 2615-2314 
4 to 3527 2835 
Absorption band 3527-3824 | 2835-2615 
Lines showing in absorption band at 3568 2802 
and 3638 2748 
3 Spectrum continuous to 3824-4368 | 2615-2289 
“n practically continuous to 4368 2289 
But still very weak in the position of 
the absorption band. 
2 Spectrum continuous to - r 4413 2266 
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Part II.—On the Curves of Molecular Vibrations of Quinone, 
p-Witroso-phenol, and similarly derived Substances. 


The absorption spectra of quinone, p-nitroso-phenol (quinonoxime), have 
recently been investigated by Messrs. Hartley, Dobbie, and Lauder, not 
only with a view to obtaining information on the subject of the consti- 
tution of these substances as represented by the different formule which 
have been proposed for them, but also to determine whether there was any 
special character in the absorption curves of substances of the quinone 
type common to and distinctive of all coloured substances and dyes, 
which could be conceived to be connected with some peculiarity in their 
structure. There are some features which the three absorption curves of 
quinone, p-nitroso-phenol, and quinone dioxime show in common, and 
n-nitroso-phenol appears to stand in an intermediate position between the 
other two. It may be the case that in a substance with sucha constitution 
as that represented by the following formula the oxygen is so condensed 


in the molecule that it forms a new kind of ring which possesses special 
absorption properties resembling a modification of the benzene nucleus, but 
differing chiefly in the greatly increased intensity of the absorption. 

Tf such a structural constitution is a reality the facts in support of it 
have yet to be discovered. On the other hand, the formule for quinone 
may very well be written in a manner similar to that of ozone, a substance 
which gives both a general and a selective absorption of a powerful 
character, and which possesses a deep blue colour. If one atom of oxygen 


: Yan 
in ozone ¢ re) be replaced by the benzene residue C,H, we have 


quinone as represented according to the peroxide formula 
O 
OH. 
6 Kd 


Tn point of fact the peculiarity of the quinone absorption curve is that 
it contains two broad absorption bands shown at different stages of 
dilution, and if we compare the curve of phenol with that of quinone, and 
also with the absorption spectrum of ozone, we perceive how the atoms of 
oxygen have modified the spectrum of the phenol. There is this much of 
similarity between them, that if we can suppose benzene and ozone to be 
exerting a mutual action on their molecular and intramolecular vibrations, 
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and then form a judgment from what has been observed as to the effect of 
substitution in the benzene ring in a large number of instances, we can 
conceive of the change in their combined spectra resulting in a curve 
not dissimilar from that of quinone, the benzene residue C,H, being 
united to O,, as in the preceding formula. 

The following alternative formule have been proposed for p-nitroso- 
phenol, quinone, and the related substances quinone chlorimide, quinone 
dichlorimide, and quinone dioxime. The chemical arguments by which 
these alternate formule are supported are sufficiently well known ; they 
are generally regarded as inconclusive. 


p-Nitroso- Quinone Quinone | Quinone . 
nibbendl | Chlorimide .| Dichlorimide | Digsiere | pe 
a b e | d e 
OH | 
i CHC — = aa iat 
\no | 
| 
| O | ae NCl | NOH | O 
H.| CX | CH | | GEC | Fong | | Cams 
| N.OH NCl | NC1 | NOH | O 
| 
) fe) Nel | NOH ) 
LI. CHK | oH.< | cut | og | ou 
\w.oH | “wo | Nye | NOH | No 


If the formule II. are accepted, the substances have the benzenoid 
structure ; whereas, if the formule III. are accepted, they all contain 
partially reduced benzene nuclei. So far all the substances containing 
partially or completely reduced nuclei! which have been examined differ 
from those containing unreduced nuclei in giving absorption spectra which 
show no bands ; 7.e., they behave like open chain compounds. If this rule 
is of general application, and if we assume that nitroso-phenol, quinone, &c., 
are correctly represented by formule ITII., they should show only general 
absorption. But as a matter of fact the spectra of all the bodies show 
well-marked absorption bands. Their spectroscopic examination, therefore, 
favours the peroxide rather than the ketonic theory of their constitu- 
tion. 

On comparing the curves of the various substances with one another, 
it will be seen that there is a considerable amount of agreement between 
the curves of quinone dichlorimide and quinone dioxime, and between 
those of quinone chlorimide and quinone dichlorimide, the differences 
between them being such as were to be anticipated from the differences 
in their composition. 

The spectra of quinone, on the other hand, differ widely from the 
others, and it is impossible in the present state of our knowledge of the 
subject to say whether this difference is due to the ditference in composi- 
tion or to some structural difference. We had hoped, from a comparison 
of the spectra of quinone chlorimide and p-nitroso-phenol, to be able to 


‘ Hartley, Chem. Svc. Trans., 1885, 47, 685; Hartley and Dobbie, 7bid., 1900, 
77, 846. 


ON ABSORPTION SPECTRA AND CHEMICAL CONSTITUTION. 


109 


decide with certainty as to whether the constitution of the latter sub- 
stance should be represented by the formula I. or II. If it differs only 


from quinone chlorimide by 
the substitution of OH for 
Cl, we should expect at least 
as close a resemblance be- 
tween the spectra of the two 
bodies as between the spectra 
of quinone dioxime and 
quinone dichlorimide, seeing 
that the difference in both 
cases would consist merely 
in the substitution of OH 
for Cl. The difference, how- 
ever, is considerably greater 
in the one case than in the 
other, as will be seen by 
reference to the diagrams. 

Though we do not regard 
the evidence as conclusive, 
we are of opinion that it 
does not favour the repre- 
sentation of p-nitroso-phenol 
by a formula analogous to 
that of quinone chlorimide. 

The chemical properties 
of quinone are as much 
those of a peroxide as of a 
ketone ; for instance, under 
the influence of sunlight it 
oxidises alcohol to aldehyde, ! 
while it undergoes reduction 
to quinol. 

Inlike manner it oxidises 
isopropyl alcohol to acetone. 
It acts upon  polyhydric 
aliphatic alcohols, producing 
sugar-like substances, such 
as were obtained by E. 
Fischer by the action of 
alkaline hypobromites ; for 
instance, from mannitol is 
obtained mannitose. 


Experimental Part. 


Quinone.—The specimen 
of quinone which we ex- 
amined was prepared in the 
usual way by the oxidation 
of aniline. The absorption 
spectra of its aqueous solu- 


Curves of Molecular Vibrations —(5) Quinone 
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tion shows two well-marked absorption bands. The first band appears 
in the layer five millimetres thick of the solution containing one milligram- 
molecule in 100 c.c. water. 

The second band first appears in the layer two millimetres thick of the 
solution containing one milligram-molecule in 500 c.c. water, and is still 
distinctly traceable in the layer three millimetres thick of the solution 
containing one milligram-molecule in 12,500 c.c. water. 

p-Nitroso-phenol.—This substance was prepared by the action of 
nitrous acid on phenol. The absorption spectra of alcoholic solutions 


Curves of Molecular Vibrations.—(6) p-Nitroso-phenol, 
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were photographed. The general absorption is considerably greater than 
in the case of quinone dichlorimide. 

The layer two millimetres thick of the solution containing f one 
Py aaa in 100 ¢.c. absorbs all rays beyond !/A 2500 (\ = 

In the layer four millimetres thick of the solution containing one milli- 
gram-molecule in 500 c¢.c. the spectrum is transmitted to '/\ 2714 
(A = 3684). 

At this dilution a wide absorption band begins to appear, which is 
still traceable in a layer one millimetre thick of a solution containing one 
milligram-molecule in 2,500 c.c. 

A second less persistent absorption band lying between '/\ 3886 
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(X= 2573) and 1/A 4321 (A = 2314), appears in the layer three millimetres 
thick of the solution containing one milligram-molecule in 500 c.c., and 
has nearly disappeared in the layer two millimetres thick of the same 
solution. 

Quinone chlorimide.—A specimen of this substance was obtained by 
reducing p-nitro-phenol with tin and hydrochloric acid, and afterwards 
oxidising the p-amido-phenol thus obtained with an aqueous solution of 
bleaching powder. The golden-yellow crystals melted at 85°. The 
absorption spectra were photographed in alcoholic solution. The general 
absorption is considerably less than in the case of nitroso-phenol ; a layer 


' Curves of Molecular Vibrations.—(7) Quinone Chlorimide. 
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two millimetres thick of a solution containing one milligram-molecule in 
100 c.c. absorbs all rays beyond !/A 2884 (\ = 3467). 

In the corresponding layer, of the solution containing one milligram- 
molecule in 500 c.c. the spectrum is transmitted to } rp 3148 (= 3176), 
beyond which the rays are absorbed up to !/\ 4321 (A= 2314). 

The absorption band, which begins to appear at this dilution, can still 
be traced in the layer three millimetres thick of the solution containing 
one milligram-molecule in 12,500 c.c. 

Quinone dioxime.—This ‘substance was prepared by the action of 
hydroxylamine hydrochloride on hydroquinone. 

It melted with decomposition at 240°. Its absorption spectra in 
alcoholic solution were photographed. 
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A layer two millimetres thick of a solution containing one milligram- 
molecule in 100 c.c. transmits the spectrum to !/\ 2744 (\ = 3644), beyond 
which point there is complete absorption to '/A 4321 (A= 2314). 

The absorption band, which begins here, is very well marked and 
persistent, being still traceable in a layer three millimetres thick of a 
solution containing one milligram-molecule in 12,500 c.c. 

Quinone dichlorimide.—This substance was prepared from the hydro- 
chloride of p-phenylene diamine by oxidation with bleaching powder. It 
decomposed at 124°. Its absorption spectra in alcoholic solution were 


photographed. 


Curves of Molecular Vibrations.—(8) Quinone Dichlorimide. 
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A layer two millimetres thick of the solution containing one milligram- 
molecule in 100 c.c. alcohol transmits all rays to '/A 2768 (A = 3612). 

The absorption band first makes its appearance in the layer three 
millimetres thick of the solution containing one milligram-molecule in 
500 c.c., and can still be traced in the layer three millimetres thick of the 
solution containing one milligram-molecule in 12,500 c.c. 

The amount of general absorption is very nearly the same as in the 
case of quinone dioxime, but the absorption band does not make its 
appearance so soon and is not so wide, although it is as persistent as the 


band of the dioxime, 
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Curves of Molecular Vibrations.—(9) Quinone Dioxime. 
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QUINONE, 
€;H,0,, 
Thickness of 1 
layer of liquid Description of Spectrum 2 ON 
in millimetres a 
1 milligram-molecule in 100 c.c. water. 
5 Spectrum continuous to 3148 3176 
Ist Absorption band . 3148_3568 | 3176-2802 
Rays feebly transmitted 3568-3638 | 2802-2748 
4 Spectrum continuous to 3175 3149 
Ist Absorption band . 3175-3568 | 3149-2802 
Rays feebly transmitted 3568-3638 | 2802-2748 
3 Spectrum continuous to . 3355 2980 
Ist Absorption band . . . 3355-3471 | 2980-2881 
Rays transmitted ; : 3471-3693 | 2881-2707 
2 Spectrum eae continuous 
aye me : 3693 2707 
Still weak in position of absorp- 
tion band. 
1 Spectrum continuous to . . 3754 2663 
1 milligram-molecule in 500 c.c. water. 
5 
4 | Spectrum continuous to : 3754 2663 
3 
2 » ” | 3824 2615 
2nd Absorption bana 3824-4411 | 2615-2267 
Line at. ; 4411 2267 
1 Spectrum continuous to 3816 2620 
2nd Absorption band 3816_4821 | 2620-2314 
Spectrum transmitted . 4321-4656 | 2314-2147 
1 milligram-molecule in 2,500 ¢.c. water. 
5 Spectrum continuous to 3816 2620 
2nd Absorption band : 3816-4321 | 2620-2314 
Rays transmitted . . 4321-4656 | 2314-2147 
4 
3 Spectrum continuous to 3886 2573 
2nd Absorption band 3886-43806 | 2573-2322 
Rays transmitted . 4306-4656 | 2322-2147 
2 Spectrum continuous to 3886 2573 
2nd Absorption band 3886-4240 | 2573-2358 
Rays transmitted. 5 4240-4656 | 2358-2174 
1 Spectrum continuous practically 
tO... . 4656 2174 
Still very weak ‘in position of 
absorption band. 
1 milligram-molecule wn 12,500 c.c. water. 
5 Spectrum emacs continuous 
tot. : : 4656 2147 
Still very weak ‘in position of 
absorption band No. 2 
4and3 Same as 5. 
2 and 1 Spectrum practically all trans- 
mitted. 
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Thickness in 
layer of liquid 
in millimetres 


to 


p-NITROS0-PHENOL, 
C,H,,OH.NO, 


Description of Spectrum 


md 


a 


1 milligram-molecule in 100 c.c, alcohol. 


Spectrum continuous to 


” ” ” 
” » but stronger to 
” ” to 


” 3” a” 


” 39 ” 


1 milligram-molecule in 500 ¢.c. alcohol. 


Spectrum continuous to 
9 
Ist Absorption band” : - 
Line showing feebly at “1 
Spectrum continuous to . 
Ist Absorption band 
Rays transmitted . 
2nd Absorption band 
Spectrum weak towards end 
Spectrum continuous to 
Ist Absorption band . 
Spectrum transmitted from . 
2nd Absorption band 
Lines showing at . = 


” ” Se Ss 


Rays transmitted from . ‘ 
The latter part very weak and 
consisting of single lines only. 


Spectrum continuous to : ‘ 
Ist Absorption band . 5 . 
Rays transmitted from. . . 


1 milligram-molecule in 2,500 c.c. alcohol. 


Spectrum continuous to : 

Ist Absorption band : 
Rays transmitted from . 
Spectrum continuous to 

Ist Absorption band : 
Rays transmitted from. . 
Spectrum continuous to 

Ist Absorption band : 
Rays transmitted from. 
Spectrum practically continuous to 
But still weak in position of ab- 

sorption band. 

Same as 2, but stronger. 


= A 
2354 4248 
2462 4061 
2462 4061 
2502 3996 
2502 3996 
2673 3741 
2673 3741 
2714 3684 

2714-3886 | 3684-2578 
3886 2573 
2768 3612 

2768-3824 | 3612-2615 

3824-3886 | 2615-2573 

8886_4321 | 2573-2314 

4321-4555 | 2314-2195 
2768 3612 

2768-3824 | 3612-2615 

3824-3886 | 2615-2573 | 

3886_4306 | 2573-2322 
4119 2427 
4128 2422 
4245 2355 

4306-4656 | 2322-2147 
2982 3353 

2982_3568 | 3353-2802 

3568-4656 | 2802-2147 
2982 3353 

2982-3568 | 33532802 

3568-4656 | 2802-2147 
2064 3263 

3064-3568 | 3263_2802 

3568-4656 | 2802-2147 
3148 3176 

3148-3491 | 31762864 

3491-4656 | 2864-2147 
4656 2147 


& 
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QUINONE CHLORIMIDE. 


C,H,0.N.Cl. M.P. 85°. 


Thickness of 1 
layer of liquid Description of Spectrum eT nt 
in millimetres A 
1 milligram-molecule in 100 c.c. alcohol. 
5, 4 Spectrum continuous to : ‘ ; 2768 3612 
3) 
D) f ” ” ” 2884 3467 
1 ” ” ” . . vias 3064 3263 
1 milligram-molecule in 500 ¢.c. alcohol. 
5 and 4 Spectrum continuous to . : .| 38064 3263 
3 ji 2 .. apeareiaheit sy inp eS 3176 
2 “6 . ‘ ral 3148 3176 
Absor “ption band . : . | 8148-4821 | 3176-2314 
Rays freely transmitted from i . | 4821-4408 | 2314-2268 
1 Spectrum continuous to . q j 3295 3034 
| Absorption band . ‘ ‘ . | 8295-3886 | 3034-2573 
| Rays freely transmitted e 2 . | 3886-4530 | 2573-2207 
1 milligram-molecule in 2,500 c.c. alcohol 
5 Spectrum continuous to P . a4 3295 3034 
Absorption band . : : | 3295-3886 | 3034-2573 
Rays freely transmitted from . . | 3886-4530 | 2573-2207 
4 Spectrum continuous to. Heh S295 3034 
Absorption band . ; . | 8295-3816 | 3034-2620 
Rays freely transmitted from. . | 3816-4530 | 2620-2207 
3 Spectrum continuous to | 3323 3009 
Absorption band ; F ‘ 33238-3816 | 3009-2620 
Rays freely transmitted . t . | 3816-4555 | 2620-2195 
2 Spectrum continuous to. : .| 3323 3009 
Absorption band . : . . . 8823-3521 | 3009-2840 
Rays transmitted : . | 3521-4656 | 2840-2147 
1 Spectrum practically all transmitted ; 
still weak in position of absorption 
band. 
1 milliyram-molecule in 12,500 c.c. alcohol. 
5, 4,3 Spectrum practically all transmitted; 
ree in position of absorption 
and. 


Poel Continuous spectrum transmitted. 
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Thickness of 
layer of liquid 
in millimetres 


bo 


QuUINONE DIOXxIME. 


1 


C,H,N,(OH),. M.P. 240°. 
rey 
Description of Spectrum | xX A 
1 milligram-molecule in 20 c.c. alcohol. 
Spectrum continuous to 2354 4248 
” ” 2503 3995 
¥ 2545 3929 
” ” 2673 38741 
1 milligram-molecule in 100 ¢.e, alcohol. 
Spectrum continuous to | 2673 3741 
” “ | 2714 3684 
” 1 | 2744 3644 
Absorption band 2744-4321 | 3644-2314 
Rays transmitted 4321-4413 | 2314-2266 
Spectrum continuous to 2768 3612 
Absorption band 2768-4243 | 3612-2356 
Rays transmitted from 4243-4413 | 2356-2266 
1 milligram-molecule in 500 c.c. alcohol. 
Spectrum continuous to 2768 3612 
Absorption band 27684243 | 3612-2356 
Rays transmitted from 4243-4413 | 2356-2266 
Spectrum continuous to 2768 3612 
Absorption band 2768-4112 | 3612-2431 
Rays transmitted from 4112-4534 | 2431-2205 
Spectrum continuous to 2791 3582 
Absorption band 2791-4112 | 3582-2431 
Rays transmitted from 4112-4555 | 2431-2195 
Spectrum continuous to 2791 3582 
Absorption band 2791-3886 | 3582-2573 
Rays very feebly transmitted from 3886-4656 | 2573-2147 
Spectrum continuous to . 2884 3467 
Absorption band , : 28843824 | 3467-2615 
Rays transmitted from . | 3824-4656 | 2615-2147 
1 milligram-molecule in 2,500 c.c. alcohol. 
Spectrum continuous to . . 2884 3467 
Absorption band 2884-3824 | 3467-2615 
Rays transmitted from. 3824-4656 | 2615-2147 
Spectrum continuous to 2884 3467 
Absorption band 2884-3638 | 3467-2748 
Rays transmitted from 3638-4656 | 2748-2147 
Spectrum continuous to 2982 3353 
Absorption band 5 2982-3521 | 3353-2840 
Rays transmitted from 3521-4656 | 2840-2147 
Spectrum continuous to 3063 3264 
Absorption band 3063-3470 | 3264-2881 
Rays transmitted from 3470-4656 | 2881-2147 
Spectrum continuous to 3148 3176 
Absorption band . 3148-3295 | 3176-3034 
Rays transmitted from. 3295-4656 | 3034-2147 
(Spectrum nearly-all transmitted. yn 
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QUINONE D1I0oxIME—continued. 


Thickness of 


le 


layer of liquid Description of Spectrum x 
in millimetres 
| 
1 milligram-molecule in 12,500 c.c. azcohol. 
5 Spectrum continuous to 3148 3176 
Absorption band 3148-3295 | 3176-3034 
| Rays transmitted from 3295-4656 | 3034-2147 
(Spectrum nearly all transmitted. ie 
4 Spectrum practically all transmitted ; 
still weak in position of absorption 
band. 
3 Spectrum practically all transmitted ; 
still weak in position of absorption 
band. 
- \ Spectrum all transmitted . ° 
QuINoNE DICHILORIMIDE. 
C,H,N,Cl,. M.P. 124°. 
Thickness of 1 
layer of liquid Description of Spectrum - A 
in millimetres 
1 milligram-molecule in 100 c.c. alcohol. 
ie 
"4 \ Spectrum continuous to . : : | 2630 3802 
3 cs ‘ el eT 3684 
2 » ” . | 2768 3612 
1 5 A - pene 3577 
1 milligram-molecule in 500 e.c. alcohol. 
“ai Spectrum continuous to F 4 . | 2795 3577 
3 Bs 2884 3467 
Absorption band . | 2884-8824 | 3467-2615 
Rays very faintly transmitted 3824-4128 | 2615-2422 
2 Spectrum continuous to 2982 3353 
Absorption band . 2982-3824 | 3353-2615 
Feebly transmitted 3824-4414 | 2615-2265 
1 Spectrum continuous to 3047 3281 
Absorption band 3047-3638 | 3281-2748 
Rays transmitted i 3638-4539 | 2748-2203 
1 milligram-molecule in 2,500 c.c. alcohol. 
5 Spectrum continuous to { 3047 8281 
Absorption band . ‘ 3047-3638 | 3281-2748 
Rays transmitted 3638-4539 | 2748-2203 
a Spectrum continuous to 3064 3263 
Absorption band 3064-3638 | 3263-2748 
Rays transmitted 3638-4539 | 2748-2203 
3 Spectrum continuous to 3064 3263 
Absorption band ; 8064-3521 | 3263-2840 
Rays transmitted 4 3521-4656 | 2840-2147 
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QUINONE DICHLORIMIDE—continued. 


Thickness of 1 | 
layer of liquid Description of Spectrum = A 
in millimetres = 
2 Spectrum continuous to . . . 3064 3263 
Absorption band .. 2 = : . | 8064-3491 | 3263-2864 
Rays transmitted : : : . | 3491-4656 | 2864-2147 
1 Spectrum continuous to . : : 3148 3176 
Absorption band . ; é : . | 3148-8471 | 3176-2881 
Rays feebly transmitted in band at . 3295 3034 
and 3323 3009 
Spectrum transmitted < . 13471 to 4656/2881 to 2147 
1 milligram-molecule in 12,500 ¢.c. alcohol. 
5 Spectrum continuous to . i c 3148 3176 
Absorption band . - ¢ 5 . | 8148-8471 | 3176-2881 
Rays feebly transmitted in band at . 3295 3034 
and 3323 3009 
Rays transmitted . é : . | 3471-4656 | 2881-2147 
4 Spectrum continuous to . . - 3148 3176 
Absorption band . ; 3; : . | 8148-3478 | 3176-2881 
Rays transmitted at . , - : 3295 3034 
and 3323 3009 
Rays transmitted . 4 : . | 3471-4656 | 2881-2147 
3 Spectrum practically all transmitted to 4656 2147 
But still very weak in position of 
absorption band. 
2) Spectrum all transmitted; still weak 
lf in position of absorption band. 


Lastly, it may be remarked that in the report for 1899, p. 345, there are 
some brief observations on the origin of colour and on fluorescence, which 
give a physical explanation of the cause of colour in a hydrocarbon ; 
the observations are illustrated by reference to the constitution of triphenyl 
methane, a compound without any visible colour ; of anthracene, which 
in the state of greatest purity is faintly coloured ; and to bi-diphenylene 
ethylene, which is strongly coloured red. It would be difficult to account 
for these coloured substances by assuming a particular structure for 
quinone, and further assuming that all coloured substances and dyes had 
a structure similar to that of quinone. In connection with this subject 
reference may be made to some recent work of v. Baeyer and Villiger on 
dibenzylidene acetone and triphenyl methane.! They refer to the constitu- 
tion of colourless substances which form highly coloured salts, and term the 
phenomenon halochromism. The colouris not due toa quinonoid constitution 


ZY 
C,H 
ZNO 


for it is even shared by triphenyl methane ; and, furthermore, these acetone 
derivatives are constituted in an essentially different manner from that of 
quinone and of the dyes and coloured substances formulated upon a 
similar typical structure. 


 Ber., 1902, 35, 1189-1201; also C. Soe. J. Abstz., 1902, vol. i. pp. 112 and 380, 
June 1902, 
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Hydro-aromatic Compounds with Single Nucleus, 
By Artaur W. Cross.ey, D.Sc., Ph.D. 
[Ordered by the General Committee to be printed in eatenso.] 


WHEN hydrogen is added on‘to benzene, di-, tetra-, and hexa-hydrobenzene 
are obtained, and it has become customary to consider all homologues and 
derivatives of the three above-mentioned hydrocarbons under the name 
‘hydro-aromatic compounds.’! It is only of comparatively recent years 
that these bodies have been much investigated, stimulus to research being 
found in a knowledge of the fact that many groups of naturally occurring 
substances stand in the closest relationship to the hydro-aromatic bodies, 
notably, the terpenes and camphors, and the hydrocarbons of petroleum. 

Strictly speaking, hydro-aromatic bodies do not come under the heading 
‘aromatic compounds’ ; for as soon as two hydrogen atoms are added on 
to the benzene ring the peculiar system of linkage which provides the 
characteristic aromatic properties is destroyed, and the resulting bodies 
exhibit the chemical behaviour of unsaturated aliphatic compounds (com- 
pare p. 131). This remains true when four hydrogen atoms are added 
to benzene, and when six hydrogen atoms are added there result 
hexahydrobenzene derivatives, which are almost identical in chemical 
deportment with the saturated aliphatic compounds. 

In such a brief communication as the present it has been found 
impossible to deal with the enormous amount of recent work on the 
terpenes and camphors, and therefore the subject has been avoided ; 
but in this report an attempt is made to refer to all the most important 
memoirs on the subject of hydro-aromatic compounds containing a single 
nucleus, and it is hoped that the result may prove useful to intending 
workers in this attractive field of research. 


HYDROCARBONS. 


Hexahydrobenzene, C,H,., and its homologues (naphthenes) occur in 
various kinds of petroleum,” in the oil from bituminous shales,’ and are 
produced during the ‘ cracking process.’ 4 

Hexahydrobenzene has been synthesised as follows :— 


(i.) From hexamethylene dibromide and metallic sodium.°® 
(ii.) From hydroxyhexahydrobenzene (p. 123) by converting it into 
iodohexahydrobenzene, and reducing the latter with zinc and acetic acid.® 


CH, . CH, CH, . CH, CH, . CH, 
CH, NcHoHn CH, cut CH, cH, 
\cH, Here Nou, . cf, \cu, . Cf, 


In the earliest attempts to prepare hexahydrobenzene from various 
benzene and hexahydrobenzene derivatives 7 hydriodic acid was employed 


1 The term hydro-aromatic compounds also includes many derivatives of aromatic 
hydrocarbons containing condensed benzene nuclei. 

* Ber., 1895, 28, 577, 1235; Amer. Chem. J., 1897, 19, 374, 419, 796; 1901, 26, 
284; Annalen, 1898, 301, 154; J.C.S., 1898, 78, 905, 932. 

8 Ber., 1897, 30, 2743. * Ber., 1897, 30, 2908. 

5 Perkin, Ber., 1894, 27, 216. 5 Baeyer, Annalen, 1894, 278, 110. 

7 Berthelot, Bull. Soc. Chim., 1867-8; Baeyer, Annalen, 1870, 155, 266; Wreden, 
Annalen, 1877, 187, 153; Kistner, J. russ. Chem. Ges., 20 [2], 118. 
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as the reducing agent ; but Markownikoff! has proved that this reagent 
acts on derivatives of hexahydrobenzene to produce the isomeric methyl- 
cyclopentane 


CH, .CHS 
\cu, . CH, 


although hexahydrobenzene itself is not acted on in this manner.” 
(iii.) From a mixture of benzene and hydrogen under the influence of 
reduced nickel.* 


The properties of hexahydrobenzene are typical of its homologues in 
so far as the latter have been studied. It is a liquid smelling like benzene ; 
on cooling it solidifies, forming crystals (M.P. 6°°4) which, belong to the 
cubic system, and therefore have no action on polarised light, thus differ- 
ing from benzene.‘ Concentrated nitric acid has no action on it even 
after long standing, and a mixture of nitric and sulphuric acids acts very 
slowly at ordinary temperatures, but violently on warming, producing some 
nitro products, but principally adipic acid. Chlorine substitutes, but 
bromine has no action at ordinary temperatures, and at 100° gives rise to 
polybromides of methylcyclopentane.’ 

Physical properties®:—In an interesting paper on the molecular 
volumes and refractive constants of benzene, hydrobenzenes, and six carbon 
open-chain hydrocarbons Bruhl? shows that there is no great change in 
these constants in passing from benzene to di-, tetra-, or hexa-hydro- 
benzenes, as would be expected if the molecular structure of these bodies 
differed materially, whereas considerable differences are noticed in passing 
from hexahydrobenzene to the open-chain hydrocarbon hexane.® 

Substituted hexahydrobenzenes have been synthetised as follows :— 


. , From substituted hydroxyhexahydrobenzenes by method (ii.) 
above. 

(ii.) From chlorhexahydrobenzene by the action of zine alkyl com- 
pounds.!° 

(iii.) From substituted benzenes by method (iii.) above. Pure products 
are only obtained from benzene and toluene, the reaction being more 
complicated in the case of higher homologues. 


Tetrahydrobenzene, C,H) 9.—When hydroxyhexahydrobenzene (p. 123) 
is treated with hydrogen bromide, bromohexahydrobenzene is obtained, 
from which quinoline removes the elements of hydrogen bromide, giving 
tetrahydrobenzene.'! 


CH, . CH, oH: - CH; CH, . CH 
CH, cHoH CH, CHBr CH, Sou 
CH, . CH, \ou, . cf, \cu, . off, 


—. 


1 Annalen, 1898, 302, 1. 
2 See also Ber., 1895, 28, 1022, 1234, and 1897, 30, 387, 1225; J.C.S., 1898, 78, 


932. 
* Sabatier and Senderens, Compt. Rend., 1901, 132, 1254. 
4 Ber., 1901, 34, 2799. 5 Annalen, 1898, 302, 1. 
® J.C.8., 1898, '78, 932, and 1900, 77, 372, 846. 
7 Ber., 1894, 27, 1065. 8 See also Stohmann, J. pz. Chem. [2],"48, 447. 


® Zelinsky, Ber., 1895, 28, 781, 1343; 1896, 29, 214; 1897, 30, 1532; 1898, 31, 
3206; Knoevenagel, Annalen, 1897, 297, 123. 
1 Kursanoff, Ber., 1899, 32, 2972. 1 Baeyer, Annalen, 1894, 278, 107. 
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It has also been obtained from chlorhexahydrobenzene (from petroleum) 
by eliminating hydrogen chloride,! or by treatment with zinc ethyl.” 

Tetrahydrobenzene is a colourless liquid, resembling petroleum, with a 
slight odour of garlic. On long standing it resinifies ; it gives a yellow 
colour with sulphuric acid, and yields a liquid dibromide, crystalline 
nitrosochloride, and nitrosate. Physical properties, see infra.® 

Substituted tetrahydrobenzenes.—In 1896 Knoevenagel * described a 
series of hydrocarbons supposed to be dihydrobenzenes, but which, at a 
later date,? were proved to be tetrahydrobenzenes. They were prepared 
by eliminating the elements of water from hydroxyhexahydrobenzenes 
(see pp. 124, 129) under the influence of phosphorus pentoxide. 


CH, . CHOH JE = OH 
ie SOL Cu, Sou, 
\cu, . GH . CH, \ou, . CH. CH, 


Optically active methyltetrahydrobenzenes have been described by 
Zelinsky.® 

Dihydrobenzene, C,H s.—This hydrocarbon was first prepared by 
Baeyer‘ from 1 : 4-dihydroxyhexahydrobenzene (quinite) (p. 124), which 
with hydrobromic acid gives 1 ; 4-dibromohexahydrobenzene. The latter 
readily loses two molecules of hydrogen bromide, yielding dihydrobenzene, 
for which, as Baeyer points out, there are two possible formule :— 


CH, . CH, CH, . CH, 
HO. CH \cHOH Br. CH \cHBr 
\cu, . 6H, \on, . GH, 
oH ~ CH CH, - CH 
CH Scu or CH Sou 
\cu, . CH, cu — 6H, 


Markownikoff,* who prepared dihydrobenzene from dichlorhexahydro- 
benzene, obtained from light petroleum,’ considers Baeyer’s hydrocarbon 
to be a mixture, as its tetrabromide on crystallisation yields fractions of 
different melting-points. 

Dihydrobenzene is a liquid resembling benzene, but having a marked 
odour of garlic : like the terpenes, it resinifies on exposure to air, and gives 
a blue colour with sulphuric acid. It rapidly decolorises potassium 
permanganate, gives only traces of a crystalline nitrosochloride, a saturated 
hydrobromide and tetrabromide.!° 

Substituted dihydrobenzenes can be obtained as follows :— 


(i.) From substituted 1 : 4-dihydroxyhexahydrobenzenes by the above 
method.!! 


1 Markownikoff, Annalen, 1898, 302, 27; Fortey, J.C.S., 1898, 73, 941. 
* Kursanoff, Ber., 1899, 32, 2974. 
’ Fortey, supra; also Hartley and Dobbie, J.C.S., 1900, 77, 84. 


+ Annalen, 289, 131. 5 Annalen, 1897, 297, 113, 
® Ber., 1902, 35, 2492. 7 Annalen, 1894, 278, 88. 
8 Thid., 1898, 302, 29. ® See also Fortey, J.C.S., 1898, 73, 944. 


10 Baeyer, Annalen, 1894, p. 95. 
1 Baeyer, Ber., 1892, 25, 2122; and 1893, 26, 232. 
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ii.) From substituted dihydroresorcins (p. 127), which on reduction 
yield dihydric alcohols, and these readily give up the elements of water.! 


CH, . CO CH, . CHOH 
Gi. x" Son Gna Nou, 
CH, . COH \ou, . CHOH 
CH = CH CH, — CH 
C,H, . CH Ncw, or  ,H,.CH Scu 
\cu = CH \cu = CH 


(iii.) From substituted dihydroresorcins by treatment with phosphorus 
pentachloride and reduction of the resulting dichlorodihydrobenzenes.” 


CH, . CO CH = CCl CH = CH 
(CH,), . C Nog (CH),..6 )cH (CH,), . C Sou 
CH, .¢. OH \cu, — 6cl \cu, — Cf 


(iv.) From the hydroxylaminoximes of ketotetrahydrobenzenes, which 
on reduction give diamines, and these on heating with phosphoric acid 
give the hydrocarbons. 


po — C0 CH, .C = NOH CH, . CHNH, 
cH, . C CH, CH,.C. NHOH CH, CH, . ¢. NH, Seu, 
\cu, - 6H, \cu, . CH, \cu, . GH, 
CH — CH 
CH, . 6 Sou 
\cH, . CH, 


Methods (ii.) and (iii.) have only been so far worked out in one 
case each, and it cannot be said if they are of general applicability. 
Methods (iii.) and (iv.) possess the advantage of giving pure hydrocarbons, 
as has been shown from a careful study of their oxidation products. 


ALCOHOLS. 


Hydroxyhexahydrobenzene was obtained by Baeyer‘ as a reduction 
product of ketohexahydrobenzene (pimeloketone, p. 125), or from 1 : 4- 
dihydroxyhexahydrobenzene (quinite, p. 124), which, with hydriodic acid, 
gives 1 : 4-iodohydroxyhexahydrobenzene, and this latter, on reduction 
with zinc dust and acetic acid, gives the alcohol :—’ 


CH, . CH, CH, . CH, CH, . CH, 
HO.CH \cHoH ICH cHoH CH, |  SCHOH 
\cu, . GH, \cu, . CH, \cu, . CH; 


It has an odour like fusel oil, melts at 15°, and is more readily soluble 
in water than the aliphatic alcohols containing six carbon atoms. It is 
unacted upon by potassium permanganate, but nitric acid readily oxidises 
it to adipic acid. 


1 Knoevenagel, Annalen, 1896, 289, 137. 

2 Crossley and Le Sueur, J.C.S., 1902, 81, 821. 
8 Harries, Ber., 1901, 34, 300; 1902, 35, 1166. 
4 Ber., 1893, 26, 229; Annalen, 1894, 278, 98. 

5 See also Annalen, 1898, 302, 20. 
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Homologues have been obtained from substituted ketohexahydroben- 
zenes (p. 126) by reduction! or by the action of magnesium and alky] 
iodides ;? also from ketotetrahydrobenzenes (p. 128) by the action of sodium 
in alcoholic solution :—* 


CH, . CO CH, . CHOH 
CH, oH on Nom 
\ou, . 0% CH, \cu,. 6H. CH. CH, 


1 : 4-Dihydroxyhexahydrobenzene (quinite) 
CH, . CH, 
Ho.¢H  ScH.OH 
\ou, . CH, 


the simplest member of the inosite series is produced by the reduction of 
diketohexahydrobenzene (p. 128). It is a solid which tastes sweet at 
first, then bitter, and on oxidation with chromic acid is converted into 
quinone.*- Homologues can be obtained in an analogous manner from 
substituted diketohexahydrobenzenes.° 

Substituted 1 : 3-dihydroxyhexahydrobenzenes result from the reduction 
of substituted dihydroresorcins ;° 1 : 2-dihydroxyhexahydrobenzene ; 7 
1:3: 5-trihydroxyhexahydrobenzene (phloroglucite).® 

In this group must also be included quercite and inosite, formerly 
classed with the sugars. 

Pentahydroxyhexahydrobenzene (quercite) occurs in acorns, the aqueous 
extract of which can be freed from glucose by fermentation, leaving 
quercite unaltered. The pure substance crystallises in monoclinic prisms, 
melting at about 225°, and is optically active [alp = + 24°:24. It yields 
many well-characterised compounds, among which may be mentioned the 
pentanitrate and pentacetate. The following formula 


CH(OH) . CH . OH 
cH, ou OH 
\cH(OH) . CH . OH 


was suggested by Kannonikow after Prunier® had shown that hydriodiec 
acid converts quercite into benzene, phenol, iodophenol, quinone, and 
hydroquinone, and fusion with potash gives rise to hydroquinone and 
pyrogallol. Kiliani and Scheibler !° doubted this formula, as they could 
only obtain mucic and trihydroxyglutaric acids by oxidising quercite with 
nitric acid ; but in 1896 Kiliani and Schafer !! showed that potassium 
permanganate oxidises quercite to oxalic and chiefly malonic acids, thus 
proving the presence of a methylene group, which fact, in conjunction 
with the above data, definitely proves Kannonikow’s formula to be the 
true one. 

Hexahydroxyhexahydrobenzene (inosite) is known in one inactive and 


‘ Zelinsky, references, p. 7. 2 Zelinsky, Ber., 1901, 34, 2877. 

% Knoevenagel, Annalen, 1896, 289, 131; and 1897, 297, 113. 

* Baeyer, Ber., 1892, 25, 1037. 

° Baeyer, zbid., 2122; and 1893, 26, 232. 

®° Knoevenagel, Annalen, 1896, 289,187, 7 Annalen, 1898, 302, 21. 

8 Wislicenus, Ber., 1894, 27, 357. ® Ann. Chim. Phys., 1879 [5], 15, 1. 
10 Ber., 1889, 22, 517. u Ber., 29, 1762. 
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two active modifications, its occurrence in optically active forms being 
satisfactorily explained by Baeyer’s suggestions,’ which would suppose 
the hydroxyl groups to occupy different positions relatively to the plane 
of the hexamethylene ring. The inactive variety occurs in muscle,” dc., 
and as its monomethy] ether (bornesite), C; H,(OH), .OCH;, and dimethyl 
ether (dambosite) in caoutchouc.’ d-Inosite and J-inosite are obtained 
from their monomethyl ethers, respectively pinite’ and quabrachite,” by 
the action of hydriodic acid. 

The constitution of inosite results from the work of Maquenne,® who 
suggested the formula ? 

CH(OH).CH.OH 
CH.oH  CH.OH 


\\cH(OH).CH.OH 


It gives a hexacetate ;* with hydriodic acid yields benzene and triodo- 
phenol ; is oxidised completely to carbon dioxide by potassium per- 
manganate ; and with nitric acid gives the same oxidation products as 
hexahydroxybenzene, namely, di- and tetra-hydroxyquinone. 

Hydroxytetrahydrobenzene is formed when 1 : 4-iodohydroxyhexa- 
hydrobenzene (p. 123) is treated with quinoline.° 


CH, . CH, CH. CH, 
4 We ae - 

CHI CH. OH CH CH . OH 
\on, . CH, \cu, . CH; 


AMINES. 


Hydro-aromatic amines result from the reduction of the corresponding 
oximes. 

Aminohexahydrobenzene, Cg>H,, . NH,, obtained as above,'° or by 
reducing nitrohexahydrobenzene with tin and hydrochloric acid,' is a 
colourless liquid smelling like conine. 

1 : 2- Diaminohexahydrobenzene,'? 1 : 3 - diaminoheaahydrobenzene,'* 
1 : 4-diaminohexahydrobenzene,\4 tetrahydrobenzylamine.'° 


KETONES. 


Retohexahydrobenzene (pimeloketone) has been obtained (i.) by the 
oxidation of hydroxyhexahydrobenzene, '® (ii.) by the distillation of calcium 
pimelate with lime, !7 


CH, . CH, . COOH CH, . CH, 
CH, CH, Sco 
\cH, . CH, . COOH \cu, . OH, 


2 Beilstein, 3° Ausi., i. 1050, 


1 Annalen, 1888, 245, 128. 
3 Girard, Zeit. fiir Chem., 1871, 335. 

4 Maquenne, Compt. Rend., 1890, 109, 958. 
7 


Tanret, Compt. Rend., 109, 908. 5 Compt. Rend., 1887, 104, 225. 
Ibid., p. 297. 8 Thid., p. 1719. 

® Baeyer, Annalen, 1894, 278, 97. 10 Baeyer, Zbid., 103. 

1) Markownikoff, Annalen, 1898, 302, 22. '2 Annalen, 1897, 295, 187. 

13 Thid., 1885, 228, 39. 1§° Ber., 1894, 27, 1449. 


1 7.C.8., 1901, Abstr., i. 691. 
18 Baeyer, Annalen, 1894, 278, 107. 7 Baeyer, ibid. 
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and (iii.) by the action of zinc and acetic acid on nitrohexahydrobenzene.! 
It isa liquid with an odour of peppermint, and is readily oxidised by nitric 
acid to adipic acid. Homologues have been prepared by method (ii.) from 
substituted pimelic acids.? 

Of the three possible isomeric diketones two, viz., the 1 : 3- and 1 : 4- 
compounds are known. 

Dihydroresorcin (1 : 3-diketohexahydrobenzene) was first prepared by 
Merling * by the reduction of resorcinol with sodium amalgam ; it can 
also be obtained by the action of sodium ethylate on ethyl 4-ketohexoate.* 

Dihydroresorcin reacts in some cases as a diketone, but its most usual 
form is that of a ketone alcohol. 


CH, . CO CH, . CO 
CH, (i) Son, CH, (ii.) \cH 
OH, . CO \cu,. 6. 0H 


It is a crystalline substance which dissolves in water with an intense 
acid reaction ; the solution gives a violet colour with ferric chloride, 
decomposes the carbonates of tke alkali metals and silver in the cold, with 
the formation of salts, formula (ii.). It is readily oxidised by potassium 
permanganate, yielding glutaric acid, thus showing that it could not have 
the constitution represented by the formula 

CH, . CO 
CH, CH, 


\cH= CoH 


Alky] iodides react with the silver salt, forming ethers 


and not 


because they are easily hydrolysed with regeneration of dihydroresorcin. 
With acetyl chloride only a mono-acetylated product is obtained ; and 
with halogen acids or bromine additive products. The dibromide formed 
in the latter case readily loses the elements of hydrogen bromide, giving 
monobromodihydroresorcin, having the formula 


CH, .CO 
aos & 
CH, CBr 
\ca,.¢. 6 
CH,.C.0H 
because it decomposes the carbonates of the alkali metals, gives a violet 


colour with ferric chloride, and nascent hydrogen regenerates dihydro- 
in? 
resorcin. 


1 Annalen, 1898, 302, 19. 

2 Zelinsky, Ber., 1895, 28, 781, 1343, 2944; and 1896, 29, 214, 731. 

s Annalen, 1894, 278, 20. ‘ Vorlinder, Annalen, 1897, 294, 253, 
5 Compare Vorlinder, Annalen, 1902, 322, 251. 
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Towards hydroxylamine, phenylhydrazine, and hydrocyanic acid 
dihydroresorcin behaves as a diketone, formula (i.) above, giving in the 
latter case the nitrile of dihydroxyhexahydroisophthalic acid 

CH, . COH . COOH 
ca, cH, 
\cu, . GOH . COOH 


When heated with barium hydroxide the ring is broken, and ¢-ketohexoic 
acid produced ! 


CH, . CO CH, . CO 
CH, peu OHyts SCH; 
Nou, . GOH \cu, . COOH 


Substituted dihydroresorcins may be obtained by various methods,? of 
which the two following may be taken as typical :— 
(i.) The condensation of ethyl malonate with af-unsaturated ketones.* 


Vag (CHs), (CH), 
Cc C C 
Y4 Laos Ls 
CH + CH,(COOC,H;), = CH, Ne - COOC,H, = C,H,OH + CH, CH.COOC,H, 
bo CO COOC,H, CO CO 
Bs NS ea 
CH, CH, CH, 


Substituted malonic acids may also be employed.* 
(ii.) The condensation of ethyl aceto-acetate and ethyl crotonate.* 


CH, cH CH, 
| | 
CH CH CH 
\ aN x® 
COOC,H,.CH, + CH = COOC,H,. He CH, = COOC,H,.CH CH, + C,H,OH 
Go. *-COOCH, CO COOC,H, CO CO 
ie SS BA 
CH, CH, CH, 


The ethyl dihydroresorcylates produced by either of the above methods 
on hydrolysis give free acids, which immediately lose carbon dioxide, 
forming dihydroresorcins. 


CH(CO,C,H,)CO CH, . CO 
(CH,), . C Dos (CH,), . 6 cH 
er 2 SG \ou, . CoH 


The properties of substituted dihydroresorcins are identical with those 
of the initial member of the series. The above-mentioned behaviour with 


1 Vorlinder, Annalen, 1897, 294, 272. 

2 Ber., 1894, 27, 2053, 2126, 2338. 

8 Vorlander, supra, p. 253 ; Crossley, J.C.S., 1899, 75, 771 ; 1902, 81, 675. 
4 Crossley, J.C.S., 1901, 79, 138. 

5 Vorlander, Annalen, 1899, 308, 184, 
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barium hydroxide seems to be somewhat limited, as exceptions are found 
in the cases of dimethy]l- and trimethy]-dihydroresorcins 


CH, . CO /SHCH,) «CO 
(CH,), . 6 yeu (CH,),. 6 you 
cH, . COH CH, GOH 


neither of which gives the corresponding ketonic acids. Apparently it is 
the presence of two alkyl groups attached to one carbon atom which 
determines the behaviour of barium hydroxide,’ as this is the only 
difference in constitution between the above and other dehydroresorcins 
which are hydrolysed when heated with barium hydroxide.?, From a 
consideration of the electric conductivities Schilling and Vorlander * 
conclude that the acidic properties of dihydroresorcins are as strongly 
marked as those of ¢-ketonic acids, although the carboxy! group is absent 
in the former. Structural difference between the two classes of compounds 
does not amount to much more than ring formation 


CH, . CO 
UH, ou 
cu, . COH 
and 
CH, . CO 
CH. 4 yOu 
\cH, . COOH 


and cyclic organic compounds containing oxygen exhibit acidic properties 
more pronounced than those open-chain compounds of similar constitution. 

Substituted glutaric acids result from the oxidation of substituted 
dihydroresorcins, a reaction best carried out by the employment of sodium 
hypobromite as oxidising agent.* ' 

1 : 4-Diketohexahydrobenzene results when dry succinosuccinic acid is 
heated,® and from the saponification of ethyl succinosuccinate (p. 133) 
with strong sulphuric acid.® 


at 
PH (CO.CH,) . CH, CH, . CH, 
23 See 

60 . co + Co co 
\cH, . CH(CO,C,H,) \cH, . CH, 


As the bydrogen atoms marked + are replaceable by sodium, this 
reaction may be extended to the preparation of substituted diketohexa- 
hydrobenzenes. Allusion has been already made to the properties and 
transformations of these bodies. 

Halogen derivatives of the above ketones may be obtained by the 
continuous action of chlorine or bromine on phenols, quinones, &c.7 

Ketotetrahydrobenzenes have heen found in the heavy oil produced 
by the distillation of wood tar.* 


‘ Crossley, J.C.S., 1902, 81, 675. 


2 Vorlinder, Annalen, 1897, 294, 317. 3 Annalen, 1899, 308, 184. 
‘ Komppa, Ber., 1899, 82, 1421; Crossley, J.C.8., 1901, 79, 146 ; 1902, 81, 680, 
> Ber., 1889, 22, 2168. ® Baeyer, Annalen, 1894, 278, 88. 


7 Ber., 1889, 22, 1473; 1891, 24, 912; 1892, 25, 845. 
8 Compt. Rend., 1897, 125, 1036; 1901, 182, 342, 
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Knoevenagel! has shown that by the condensation of ethyl aceto- 
acetate, &c., with alkyl diiodides or aldehydes in presence of diethylamine 
or piperidine, esters of 1 : 5-diketocarboxylic acids are produced, which 
readily form ring compounds with loss of the elements of water ; and the 
free acids generated from these bodies on hydrolysis lose carbon dioxide, 
giving ketotetrahydrobenzenes 


C,H,CO,.CH,.CO.CH, . C,H,.CO,.CH.CO.CH, 
| 
H . CHO = CH, a 
| 
C.H,. CO,.CH,.CO.CH, C,H, .CO,.CH. CO. CH, 


C,H, .CO, CH . CO CH,—CcoO 
| 


a >, 
a CH, -¢H +> CH, CH 

| VA | 4 
C.H,.CO,.CH-C.CH, CH,—C.CH, 


Some of the more important reactions of these substances have been 
mentioned ; a further property of peculiar interest is their ready transfor- 
mation into aromatic derivatives; eg., 1-keto-3-methyl-A,-tetrahydro- 
benzene readily absorbs two atoms of bromine ; the product formed is 
unstable, losing two molecules of hydrogen bromide, giving meta-cresol,? 


C(CH,) . CH, CBr(CH,) . CH, C(CH,) . CH 
VA SS rs S 
cH DCH, >  CHBr cH, > ¢n CH 
\co-—cH, gies 8 60 ya 9) sie \coH) = CH 


1-keto-3-methyl-5-isopropyl-A,-tetrahydrobenzene under similar con- 
ditions gives sym-carvacrol.® 

Halogen substitution productsof ketotetrahydrobenzenes result from the 
action of chlorine on phenols, aniline, &c.* 

Ketodihydrobenzenes.—Neither of the two theoretically possible 
isomerides is known ; but tetra- and hexa-chloro-derivatives have been 
prepared.® 


CaRBoxYLic ACIDS. 


Hexahydrobenzoic acid has been obtained by the reduction (i.) of 
henzoic acid,® (ii.) of the hydrobromide of A,-tetrahydrobenzoic acid,’ and 
(iii.) of hydroxyhexahydrobenzoic acid, and also by the hydrolysis 
and distillation of the product resulting from the action of ethyl sodio- 
malonate and pentamethylenedibromide,® and by the distillation of 
pentamethylenedicarboxylic acid. T'etrahydrobenzoic acids have been 
prepared by the removal of hydrogen bromide from monobromohexa- 
hydrobenzoic acid,!° and by the direct reduction of benzoic '! and dihydro- 


} Annalen, 1894, 281, 25; 1895,.288, 321: and 1895, 289, 131. 
2 Ber., 1893, 26, 1951; Annalen, 1894, 281, 98. 

3 Ber., 1894, 27, 2347. 

1 Ber., 1890, 28, 3777; 1892, 25, 2688; 1894, 27, 547, 550, 560. 
5 Zincke, Ber., 1894, 27, 546. 

* Markownikoff, Ber., 1892, 25, 3357. 


7 Aschan, Annalen, 1892, 271, 261. ® Bucherer, Ber., 1894, 27, 1231. 
® Perkin and Haworth, J.C.S., 1894, 65, 103. 
“ Annalen, 271, 261. MW Thid., 234. 
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benzoic acids,! and dihydrobenzoic acids from the oxidation of dihydro- 
benzaldehyde,” and by the action of alcoholic potash on dibromo-A,-tetra- 
hydrobenzoicacid.* Homologues result from the reduction of homologues 
of benzoic acid,? and by heating hexamethylene dicarboxylic acids.? In 
chemical properties these acids exhibit great similarity with the hydro- 
‘phthalic acids (which see below). The hexahydro-acids appear to be 
isomeric, but not identical with the natural naphthenic acids occurring in 
petroleum.® 

Hydroxyhexahydrobenzoic acids,” dihydroxyhexahydrobenzoie acid,’ 
tetrahydroxyhexahydrobenzore acid (quinic acid),? pentahydroxyhexahydro- 
benzoic acid,'® trihydroxytetrahydrobenzore (shikimic) acid." 

Ketohexahydrobenzoic acid,” diketohexahydrobenzoic acid (ethyl resor- 
cylates) (see p. 127). 


HypropurnaALic AcIpDs. 


The hydrophthalic acids have been minutely studied by Baeyer in 
his investigations on the constitution of benzene,'? and these papers must 
be consulted for a detailed description. Here it is only possible to 
mention some of the more important properties, which show the striking 
resemblance between these bodies and acids of the aliphatic series. 

Generally speaking the di- and tetra-hydro-acids were obtained by 
the direct reduction of the phthalic acid, and the hexahydro-acids by the 
reduction of the hydrobromide of the tetrahydro-acid. 

Some idea of the numerous isomerides may be gained from the 
following scheme, which shows the constitution and nomenclature !* of the 
ten possible hydroterephthalic acids. In the case of the orthophthalic 
acids there are fifteen possibilities ; and trans-hexahydrophthalic acid can 
exist in two optically active forms.!° 

Hexahydroterephthalic acid, C,;,H,,(COOH),.—Two possibilities de- 
pending on the position of the carboxyl groups relative to the plane of 
the hexamethylene ring. 


H COOH 
Ws i /! 
H, oe i oe, 
tee 
ieh, )H ins | H, 
WA q Se q 
ve A ate 
COOH EH. H COOH 
Cis trans. Cis. 


T etrahydroterephthalic acid, C,H ,(COOH),.—Depending on the position 


~’ Ber., 1893, 26, 451..° . 2 Thid., p. 454. 
’ Aschan, Ber., 1891, 24, 2623. 
_ + Ber., 1892, 25, 3355 ; 1894, 27, R. 195; J.C.S., 1897, 71, 157; 1901, 79, 344, 
URI 
5 Perkin and Freer, J.C.S., 1888, 53, 208. 
®§ Ber., 1892, 25, 3665 ; 1894, 27, R. 195, 197. « 
7 Ber., 1894, 27, 1231, 2472, 2476; 1896, 29,.R. 549. 
* Annalen, 271, 280. ® Beilstein, 3% Auf, i. 804. 
0 Ber,, 1891, 24, 1294. " Ber., 1891, 24, 1279. 
2 Ber., 1894, 27, 103; 1896, 29, R. 550. 
'8 Annalen, 1888, 245, 107; 1889, 251, 257; 1890, 256, 1; 258, 1, 145; 1891, 266, 
169 ; 1892, 269, 145; also Villiger, Annalen, 1893, 276, 255. 
‘’ For an explanation of which see Annalen, 1888, 245, 107. 
19 Werner and Conrad, Bev., 1899, 32, 3046. 
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of the double bonds, theoretically possible in two isomeric forms, one 
ef which can exist in two stereoisomeric modifications. 


COOH By 00H Sud core 
ie H,/ \H H, () H 
| L| 
H, H, iad YH H, yet 
Moa “OX De 
H COOH COOH ‘H H*” \COOH ': 
A). Cis trans A,. Cis A,. 


Dihydroterephthalic acid, C;H,(COOH),.—Four possibilities depend- 
ing on the position of the double bonds: one possibility appears in two 
stereoisomeric modifications, 


Hy. / Hy. COOH He Ee 
H ( , H H ye H ( \ 
Hl! In Hl ln H & 
x x xe 
2 ae H” \cOoOH H’ \cooH 
Cis trans A, ;. Cis A, : ;. AY. 
COOH COOH 
H, | H H,/ | H 
| 
H H H, H 
VW, EN. 
COOH COOH 
Ay: 4 4A, : 3 


As regards the resemblance to aliphatic compounds, the hexahydro-acids 
do not give addition compounds with bromine, but substitution products 
in which the bromine, as in the fatty series, occupies the a-position. The 
tetrahydro-acids take up H, : Br, or HBr, forming hexahydro-compounds, 
and the dihydro-acids combine with H, : Rr, or HBr, forming tetrahydro- 
derivatives or with 2H, : 2Br, or 2HBr, forming hexahydro-derivatives ; 
just as fatty compounds with two double bonds yield successively ethylene 
derivatives and saturated fatty substances. When a tetrahydro-acid’ 
absorbs hydrogen bromide the bromine atom occupies the position more 
remote from the carboxyl group, resembling, for example, the production’ 
of B-bromopropionic acid from acrylic acid and hydrogen bromide. The 
bromo-acids on treatment with nascent hydrogen have the bromine 
replaced by hydrogen, or if they contain two bromine atoms united to 
adjacent carbon atoms then both bromine atoms are removed (i.) by 
nascent hydrogen with formation of a double bond, or (ii.) by alcoholic 
potash with formation of two double bonds. . 


COOH cooH 
COOH COOH l y 
CH 6 CH ee 
uc “~\ CHBr Hie cH H/ \cHBr nu’ \ou 
q c | | 
aN ala H. |CHBr H. ,CH 
F,C CHBr Hc /] CH oy, \P 
CH C fs C 
5 ; | 
COOH COOH COOH COOH 


2: 3-Dibromohexahydro- ° 


terephthalic acid. 


4,:, Dihydrotere- 


phthalic acid. 


By-Dibromadipic 


Muconic acid, 
kK 2 


acid. 
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And when these di- or tetra-hydro-compounds are oxidised with potassium 
permanganate, the ring is broken at the double bonds, just as in the 
case of unsaturated fatty compounds. 

A further analogy is to be found in the gradual reduction by nascent: 
hydrogen of A, . ;-dihydroterephthalic acid and muconic acid. 


CH, . CH, CH, . CH, 
A x 
HOOC .C € . COOH HOOC . CH HC . COOH 
S Z 
CH — CH CH = CH 
A, ; ;-Dihydroterephthalic acid. 4,-Tetrahydroterephthalic acid. 
CH, — CH, 
the ue 
HOOC . CH CH . COOH 
% 
CH, — CH, 
Hexahydroterephthalic acid. 
H 4H Hy 
a * oe OS 
HOOC .C C . COOH HOOC . CH CH . COOH 
S hn Bs dh 
CH — CH CH = CH 
Muconic acid. By-Hydromuconic acid. 
Hy a 
Ze 
HOOC , CH CH . COOH 
Oe 
CH, . CH, 


Adipic acid. 


The first stage of this reduction is of special interest in view of 
Thiele’s theory of partial saturation! Baeyer states? that all A ,., or 
A, . 5 dihydro-acids—that is, those containing two double bonds in the above 
positions—form only dibromides, whereas other dihydro-acids form tetra- 
bromides, and a similar case has been noticed in dimethyl-A, . ,-dihydro- 
benzene,’ for only two atoms of bromine or one molecule of hydrogen 
bromide can be directly added to this substance, the addition taking 
place, as in the case of hydrogen, to A, . 3-dihydroterephthalic acid, with 
rearrangement of the bonds, 


CH = CH CH, . CH 
4 \ fh S 

(CH,).. © CH becoming (CH,), C CH 
UY ra 

CH, — CH CH, . CHBr 


Various hexahydro-dicarboxylic acids have also been synthetically 
prepared ; for example, when methylpentamethylene dibromide is con- 
densed with ethyl sodiomalonate there results the ethyl salt of 2-methyl- 
hexahydrobenzene-1 : 1-dicarboxylic acid,' 


CH, . CH. CH, 
CH, C (COOH), 
CH, . CH, 
"1 Annalen, 1899, 806, 87. 2 Thid., 1890, 258, 2. 


3 Crossley and Le Sueur, J.C.S., 1902, 81, 823. 
* Perkin and Freer, J.C.S., 1888, 53, 202. 
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and hexahydroterephthalic acid is obtained by saponification and elimina- 
tion of 2CO, from the product of the interaction of ethylene dibromide 
and ethyl sodiobutanetetracarboxylate,! 


CH, . CH, CH, . CH, 


; ; aia : Le ES 
(COOC,H;). C:Na: C:Na :!(COOC,H,),—(COOC,H;), . C(COOC,H,), 

i Bri :Br } 

Peeseee : oa CH,.CH, 


@ reaction which may be extended to the preparation of hexahydro- 
isophthalic acid,? in which case both the cis and trans modifications were 
-obtained.?* 

Hydroxy- and ketohydro-dicarboxylic acids.—Dihydroxyhexahydro- 
wsophthalic acid (see above), 1 :4-dihydroxyhexahydroterephthalic acid, 
results from the addition of hydrocyanic acid to diketohexahydro- 
‘benzene’ and the ethyl salts of 2 :5-dihydroxytetra- and heaahydrotere- 
phthalic acid by the reduction of ethyl! succinosuccinate.® 

Succinosuccinic acid is formed by the saponification of its ethyl salt 


CoO .CH, 
Ye + 
COOC,H, . CH + CH . COOC,IL, 
oy re 
CH, .CO 


prepared by the action of potassium or sodium on ethyl! succinate, d&c.° 
‘The ethyl salt is capable of reacting in two forms, as a diketone or as 
ethyl dibydroxydihydroterephthalic acid.’ 


COH . CH, 
4 iN 
COOC.H, . C . COOC.H, 
CH, .C. OH 


The two hydrogen atoms (marked above +) can be replaced by sodium, 
thus affording a method for the production of homologues. The chemical 
changes which this substance is capable of undergoing have been 
frequently alluded to. 

Ethyl dihydroxydiketohexahydrobenzenedicarboaylate,® ethyl diketo- 
hexahydrobenzenetetracarboxylate,? hexahydrobenzenehexacarboxylic (hexa- 
hydromellitic) acid.'° 


In conclusion it may be of interest to draw attention to the close 
relationship existing between aliphatic, hydro-aromatic, and aromatic 
bodies, as illustrated by the passage of substances belonging to the 
aliphatic series into hydro-aromatic bodies, and of the latter into members 


' Mackenzie and Perkin, J.C.S., 1892, 61, 172. 

? Perkin, J.C.S., 1891, 59, 798. 

* Compare Villiger, Annalen, 1893, 276, 255. 

4 Ber. 1889, 22, 2176. 5 Ber., 1900, 38, 390. 

§ Annalen, 1882, 211, 306; 1888, 245, 74; 1889, 253, 182. 

7 Ber., 1891, 24, 2692. 

8 Ber., 1886, 19, 2385 ; 1887, 20, 1307; 1889, 22, 1290; 1890, 28, 265. 

® Ber., 1889, 22, R. 289. . Beilstein, 3t¢ Auft., ii. 2108. 
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of the aromatic series ; and also to point out, as far as our present. some- 
what scanty knowledge regarding hydro-aromatic bodies will permit, the 
resemblances and differences in the properties and reactions of these three 
series of bodies. 

Many instances have already been quoted of the ring formation of 
hydro-aromatic substances from open-chain compounds : «¢.g.; 


The preparation of hexahydrobenzene by method (i.), p. 120. 
‘5 Ae ketohexahydrobenzene by method (1i.), p. 125. 
“3 s substituted dihydroresorcins by methods (i.) and 
(ii.), p. 127. 
a a substituted ketotetrahydrobenzenes, p 128. 
“, . hexahydrobenzene dicarboxylic acid, p. 132. 


Two examples have also been given of the passage of hydro-aromatic 
into aromatic bodies (p. 129), in which cases bromine is first added on 
ata double bond and then illuminated as hydrogen bromide. Other 
similar examples are the conversion of 3-chloro-1-methyl-A, . ;-dihydro- 
benzene into metachlortoluene ! 


CCl = CH CCl = CH 
va SX ; YE 
CA CH, > CH CH 
S vA S 4h 
C(CH,) — 6H, O(CH,) — CH 


and of 3-chloro-1 : 5-dimethyi-A, .,-dihydrobenzene into chlorxylene.” 
Frem the author’s experience it would seem that this action of bromine on, 
derivatives of dihydrobenzene appears to be of a general nature, but the 
work is not sufficiently far advanced to permit of a more definite state-' 
ment being made. 

Bromine acts on hexahydrobenzene, giving rise to tetrabromobenzene.* 

In some cases oxidising agents convert hydro-aromatic into aromatic 
bodies, as the three following examples show :— 

1 : 3-Dimethyldihydrobenzene gives with nitric and sulphuric acids 
nitro-, dinitro-, and trinitro-xylanes.! 

Nitric acid converts 3 : 5-dichloro-1 ; 1-dimethyl-A,. ,-dihydrobenzene 
into 3 : 5- dichlorobenzoic acid.” 


CH=CCl CH=CCl 
(CH,)».C cu aE 000.6 cH 
CH,—CCl Ncu—ccl 


1 . 4-Dihydroxyhexahydrobenzene (quinite) on oxidation with chro- 
mic acid gives quinone,® which, however, may itself be regarded as a 
hydro-aromatic substance. 

4dn the. following tables there will be found a comparison of some 
of the physical properties of benzene with those of the three typical 
hydro-aromatic hydrocarbons, dihydrobenzene, tetrahydrobenzene, and 


} Klages and Knoevenagel, Ber., 1894, 27, 3022. 
* Lbid., p. 3024. 
3 Zelinsky, Ber., 1901, 34, 2803. 
4 Wallach, Annalen, 1890, 258, 319. 
'® Crossley and ‘Le Sueur, J.C.S., 1902, 81, 831. 
© Ber., 1892, 25, 1037. 
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hexhydrobenzene, and of some open-chain hydrocarbons containing six 
carbon atoms :—1 


/ Py?-1 


Index of a aes 

Te. } fan eh d at 20°-4° ers 1. Un ra 
For H, For D 
Benzene, C,H, . _- «| 14967 | 0°8799 8865 | 25-93 | 2613 
Dihydrobenzene, C,H, .| 1:4699 | 0°8478 94:36 | 2633 | 26-51 


Tetrahydrobenzene, C,H, . | 174485 0:8102 101:21 26°87 27°01 | 
Hexahydrobenzene, C,H,, . | 1°4260 0:7900 =| 107-20 27°56 27°66" 


Hezane,C,H,, - + - 2 0:6603 | 130-26 .| 29°70 | 29-84 
Hexylene, C,H. .  . Ja 0°6825 128-08 | 29:45 | 29-61 
Bigllyl, CpHyos ois, boos ns = 06880 | 11918 | 28-77 | 28-96 


Dipropargyl,C,H, . : — 0'8049 96°91 25°57 25°74 


Dispersion of Hydrocarbons. 


Mol. refraction for Hy-Ha Dispersion 
Dihydrobenzene e ‘ » 27511-26145 = 1:366 
Tetralyydrobenzene . : . 27°837—27:035 = 0°802 
Hexahydrobenzene . A . 28:°292—27578 = O714 


Stohmann and Langbein ? give the following tabulated results :— 


Heat of Combustion of 1-gram Molecule | Heat of For-" 
eS . - mation from 
Constant Pressure Constant Temperature| Elements 


Dihydrobenzene, C,H, : 848-0 Cal. 846°8 Cal. — 80 Cal. 
Tetrahydrobenzene, O,H,, . 892:0 ,, 890°5 5; | +170 ,, 
Hexahydrobenzene, C,H), . 933;2 96, 981-5 ,, } 4s = 3, 
Normal hexane, C,H,, : SOIC: — +558 ,, 


In comparing the chemical behaviour of these series it will perhaps be 
best to consider a few typical reagents and briefly discuss their action. 
Generally speaking, however, the properties of hydro-aromatic substances 
are the same as those of aliphatic bodies as modified by the presence of 
a ring and well illustrated by the hydrophthalic acids (p. 130). 


Aliphatic Hydro-aromatic 


Reagent Aromatic 
Saturated |Unsaturated) Saturated /Unsaturated 


Hydrogen — Addition — Addition |Does not add on readily 
to benzene and homo- 
logues ; but is added 
readily to carboxylic 


acids. 
is Replaces — Replaces — Replaces halogen with 
halogen halogen great difficulty. 
Chlorine | Substitu- | Addition | Substitu- | Addition |Substitution. or addi- 
tion tion tion, according to con- 
f ditions. ; 
Sulphuric — _ — — Sulphonates. 


Acid 


1 Compare, Bruhl, J. pr. Chem. [2], 49, 201, and Ber., 1894, 27, 1065; Yortey, ° 
J.C.8., 1898, 73, 932; Perkin, Ber., 1902, 35, 2102. 2 J. pr. Chem. [2], 48, 447. 
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Nitric acid.—It is generally stated that nitric acid has no action on 
the saturated paraffins, but it acts readily on unsaturated and aromatic 
bodies, producing oxidation in the first case and nitro-compounds in the 
second, This statement is, however, not strictly true as regards the 
paraffins. Much work has recently been done in this direction, for a 
detailed account of which the following, among other papers, may be 
consulted. 

It is true that at ordinary temperatures the paraffins remain practi- 
cally unacted on by nitric acid in any form, and that normal paraffins are 
slowly decomposed by fuming nitric acid on heating,” but the isoparaffins, 
e.g., wsohexane, itsopeptane, zsooctane, and diisobutyl are very readily 
attacked by fuming nitric acid, a moderate yield of nitro-compound being 
obtained in each case.® 

Hexahydrobenzene is only attacked when heated with fuming nitric 
acid, giving a dibasic acid, and its methyl derivative is directly broken 
down. Less concentrated nitric acid at high temperatures gives secondary 
nitro-compounds in addition to dibasic acids, and with methylhexahydro- 
benzene a tertiary nitro-derivative is obtained. 

On hydro-aromatic substances containing double bonds nitric acid acts 
aS an oxidising agent ; in some cases nitro-derivatives are formed, which 
are usually aromatic bodies. Presumably nitric acid first removes 
hydrogen atoms by oxidation, and then nitrates the aromatic bodies so 
formed, e.g., the production of nitro-xylenes from dimethyldihydrobenzene 
(see p. 134). 

With aromatic substances nitric acid nitrates, and when oxidation 
does take place the side chain is the attackable point. 

Oxidising agents.—These react with hydro-aromatic substances exactly 
as with aliphatic bodies, oxidation taking place at a double bond, eg., 
1:1-dimethyl- A,.,-dihydrobenzene gives aa-dimethylsuccinic acid,‘ 


CH = CH COOH 
(CH,),C cH =>) (OH), 6 
CH,—CH CH, . COOH 


and dimethyldihydroresorcin, which contains a doubie bond and also a 
carbonyl group, yields (/3-dimethylglutaric acid on oxidation. The 


CH, ..CO SH, . COOH 
(CH,), . 6 ycH > (CHD;.¢ 
CH, . COH \cu, . COOH 


methyl groups, however, remain intact, whereas in an aromatic body 
the side chain is the attackable point and the ring remains unbroken. 
Two other points may be worth mentioning in connection with 
dimethyldihydroresorcin. The hydroxyl group has the characteristics of 
a phenolic rather than an alcoholic group. The substance gives a violet 


* Konowaloff, Ber., 1892, 25, R. 168; J. Russ. Phys. Chem. Soc., 1899, 31, 57, 
254, 1027; and 1901, 88, 48, 398 ; Ber., 1899, 32, 1445 ; Markownikoff, Ber., 1897, 
30, 974, 1222; and 1899, 82, 1441; 1902, 35, 1584; also 386; Annalen, 1898, 301, 
201; Zelinsky, 1897, 30, 389; Francis and Young, J.C'S., 1898, 73, 928; Poni Cent. 
Blatt., 1902, ii. 16. 

? Normal hexane and octane yield with dilute nitric acid secondary nitro com- 
pounds in nearly theoretical amount (Konowaloff, Ber., 1892, 25, R. 168). 

* Francis and Young (zbid.). * Crossley and Le Sueur, /.C.S., 1902, 81,836. 
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coloration with ferric chloride, and caustic potash replaces the hydrogen 
atom of the hydroxyl group by potassium, giving a salt which is stable 
in aqueous solution, thus resembling potassium phenolate, and not potas- 


sium ethylate. : 
Dimethyldihydroresorcin readily gives a monobromo-derivative, in 


CH, . CO 
(CH,), . 6 pene 
\cuH,. C. OH 


which the bromine atom is very stable towards alkali,! thus resembling the 
bromine atom in an aromatic nucleus rather than in an aliphatic body. 


Wave-lenyth Tables of the Spectra of the Elements and Compounds.— 
Report of the Commvittee, consisting of Sir H. E. Roscoe (Chair- 
man), Dr. MARSHALL Watts (Secretary), Sir J. N. Lockyer, Pro- 
fessor J. Dewar, Professor G. D. Livetna, Professor A. ScHustER, 
Professor W. N. Hart Ley, Professor Wo corr GiBgs, and Captain 
Sir W. bE W. ABNEY. 


INFRA-RED ARC SPECTRA OF THE ALKALIES. 
Lehmann, ‘ Ann. d. Physik,’ t. v. 1901, p. 633. 


Regueien to 


| Vacuum 
Wave-length Intensity | A Oscillation Frequency 

A+ a= 

PorassivuM. 
7701°92 10 | 208 35 12981°7 
7668-54 10 ” 36 13036 7 

RvBIDIUM. 
8513°26 4 3-2 11743°0 
7950°46 } 8 215 3:4 12575 2 
7805°98 J 10 211 3°5 12807°7 
7753'58 } 6 2-10 as 12893'8 
7626°66 6 2:07 < 13109:0 
740619 } 4 2-01 3°7 13497'5 
7277-01 4 1-97 - 13738:1 

CasIuM 
9211°86 6 30 =| 108531 
917138 6 35 | 10900 0 
8949-92 8 31 111711 
876610 8 + 114041 
8527-72 18 32 117241 
8082-02) 6 2:19 34 12368°8 
8019-62 J 6 217 * | 12465°7 
7616°58 6 2-06 Shay | 13125°7 
so 4 a 1-96 3°7 13833'1 


? Crossley, 7 C.S., 1899, 75, 776; “Voulinder, Annalen, 1902, 322, 251. 


138 


THorium (Utrra-vioLer Spark SPECTRUM). 


REPOR'T—1902. 


Exner and Haschek, ‘ Sitzber. kaiser]. Akad. Wissensch. Wien,’ cviii. 1899. 


Lohse, Berl. Akad., 1897. 


Reduction to 


BB o 
Wave-length Intensity Vacuum Bet a8 
(Exner and and Wave-length (Lohse) = aS 
Haschek) | Character rx 1 Qe q 
) ae i On:s 
4740°70 2 1:30 5°8 | 210881 
400 In or 55 O9L 
32:9 ln 35 a 123 
30-00 1 “p 135°8 
24°55 1 1:29 A 160:2 | 
, 23°93 1 rH ne 163°0 
23°60 u 35 bs 164°5 
20:17 1 rf a 179 
18°79 1 O 5 186°2 
15°60 1 5 3 200°4 
12°57 1 “A 215:0 
08:27 1 5 5 233°4 
06°41 if a5 5:9 241°7 
| 05:92 2 9 x 243°9 
} 02°55 1 A 7 259°1 
| 00°35 i ” ” 269°1 
4695:05 In = = 293-1 
94°25 2 - <3 296'7 
91:25 2 5 35 310°4 
90 87 1 1:28 a 312°1 
89°33 1 ” ” 31971 
85°65 In >; ‘ 335°8 
80°81 1 59 . 3579 
66°69 1 - or) 422-7 
52°2 In ~ PS 490 
51:76 2 1:27 = 491-4 
41°35 1 : es ih 5397 
40°26 1 a % 544°8 
39°86 1 5 . 546°5 
34-00 il he 6:0 573°6 
31°94 2 = 0 583°2 
27:8 In ” ” 602°5 
268 In ” ” 607 
25°24 1 = i 611:7 
24°22 In ” ” 616°5 
24-05 In - a4 620°0 
19°67 3 ” ” 640°6 
Neral 1 4 a 673:°2 
12:06 1 a 55 676°3 
10:00 u ” ” 686-0 
09:53 2 iy 93 688°2 
06°69 1 » ” 701°5 
05:42 In ” ” 706°5 
03°05 1 ” ” 718:°7 
4599-55 In fe 5 733°2 
97-75 2b » » | 7438 
95°66 1 ” ” 753°6 
94-69 In - 43: lame OB 
93°65 In " » | 1632 
93:48 In a 5 7640 
92:97 In > 3 766°4 
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THortuM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Reduction to 


n | adh 
Wave-length | Intensity | Waenui | 2 2 g 
(Bxner and and Wave-length (Lohse) Soe 
Haschek) | Character ja rE | 5 gr 
| ad Xr O:n 
4589-9 Inet ¢} 127°) 60 | 21781 
»  °89°31 4 | \- -d) a Pe eee 
88-40 1 | » Bl ay (OR EBSL | 
87-95 Tn 4 ee ae 790-2 
“ve; i a | Pig Sh ok OTS 
S6:80-|,, In. | C bin wb of (BN OES 
8644 | 1 bs apf” oe 797-4 
84:55 1 afilh oy 806°4 
83-9 in, |» of [10°809°5 
82:67 1n rea oy jot SbSS 
Arg “fi (1 es ee 819°6 
$1-42 if | iM) oe (RATS 
195 -| In 3 Ml sah Hee 880:5 
2a) In > 831°7 
ar6h |, ‘1 o ‘| ah ines4o0 
7390 | 1 7 “A 857-2 
69-20 1 sale Ge 879:7 
66°85 1 wit) an | 3 30@9 
64:35 1 » S| GL |e 909°8 | 
63°48 5 ” | ” | 907:0 | 
62:7 In 1 <n. Sh Sp De Se 
55°82 8 4555°88 so AE) on OOS 
: 54:9 1b « ” | ” 947 
54:08 1 54°31 | - ' 4 952°2 
53:25 1 | ” H ” 956°2 
525 In | ee ie 960 
aic70, | 1 | nt SPM 963:7 
50°55 1 |} ttl Ge | SSGES 
Pao) |, iin ee | ee 986 
eee |. ny, | re ee 991 
460 | in ie | ibe 991 
44-70 2 avi | teed $97°6 
43°42 In eee »» 220037 
42°55 In b spll! oh 008-0 
41-8 In = et 012 
4060 | 2 oo Al, ag ORES 
39:00 1 Rr | See 025-2 
37 26 2 37-24 P| ee 033°6 
36°63 1 P.M Js ias 0367 
84-30 2 wail 3 0485 
33:50 | 8 33°55 Mee the 051-9 
32°47 2 32:54 Seay oe 056-9 
31-90 2 31:89 Sah is 059-7 
29°67 1 Psy) | 070:6 
29-06 1 Tat 0735 
23-6 In Al! 076 
27-93 1 er AH cas 0791 
, 2623 1 same. © 55 087:3 
25°31 1 oY ae OSES 
25°04 1 : rf 093-1 
23-00 1 ” » aot 
215 in oy an pela 
-21-2 in ” | » i 112 
19:98 1 e | <s | 117-9 
18°85 1 _ : 123-4 
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THORIUM (ULTRA-VIOLKE? SPARK SPECTRUM)—continued. 


| | Reduction to| g » 
Wavye-length| Intensity Vacuum 238 
(Exner and and = j Wave-length (Lohse) —————-| £23 
| Haschek) | Character } RE 1 3 om 
Xr Oma 
| 4518-40 2n 1:27} 61 1221256 
tae 24 1 s - 13671 
| | 16:20 2 - i. 139-4 } 
| S093-91 1 a a 147-6 
| 12:70 2 4 | 2 | 153°5 
| 10-73 5 10-78 x é 163°3 
| O89 In - i 172 
| US: In rp s 175 
| 00-21 2 is eh PODS 
| 4499-13 In a a | 220°4 
| = §6.53 2 A 62 | 233-2 
| 95-45 In 2 » | 2884 
| 9513 1 ss » | 2401 
| 93:57 1 x e 2479 
92-45 1 i | bs 253°5 
92-02 In 33 See ints 
| . 90:5 In is | a 263 
| 9-7 In a - 267 
88°83 3 oe Uaetedse 
| 87-67 3 4487-59 oa >. te L 
86-80 i 4 » | 2814 
&5-99 1 ~ “ 285°4 
84-44 1 83-23 ‘4 = 293°1 
81-85 1 . » | 306-0 
81°37 1 is » | 8084 
81-02 2 Bae - 3101 
| 79.36 nl | i. £ | 318-4 
Wl In 76°83 +3 » {| 330 
75°43 1 x » | 2338-0 
74°25 2 14:37 i a 3439 
72°47 1 és ve 352°8 
\) eeMOT 1 5. :. 255 3 
| 6552 4 65°73 < . 387°6 
| 63% In . 399 
|  GL-91 2 s a: 405°7 
it p7Gar2S 2 61:43 ef A 408°8 
57-65 In ts » jomeT-2 
57°35 In - "e 428°6 
56:83 In x | 431:3 
558 In i ’ 4365 
55°20 it 55°19 ss f 439'5 
54°62 1 S i 4424 
51-23 In is » | 459° 
1!) ok8r7 In a vo, eee 
| 48:00 Binge ase | ny) LTS 
| 45°13 1 . » | 4903 
43°30 ee SH. i, ene 
42-05 In A a 505'9 
41-05 2 | 41-21 = 3: 5110 
40:73 1 ‘s ¥ 512°6 
| 89-26 8 39-42 cs 4 520°1 
IGA72"; |. 36°82 # MS 533-0 
36°40 | ] 36°56 ” ” 534-6 
36:20 |. 2 “ = 535°6 
38:12) |. 8 { 33:28 a - 551-2 
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THORIUM (ULTRA-VIOLET SPARK SPEOFRUM)—continued. 


Reduction to 


am 
{Wave-length| Intensity Vacuum 3 A 3 
(Exner and and Wave-length (Lohse) 4 ae 
Haschek) | Character 1 3 3 
et en 6na 
A 
4429-40 1] 1:27 6:3 | 22570°1 
28°8 ln Fell “5 573 
27°85 1 27°95 ” ” 578:0 
26°18 2n 26°27 » ” 586°4 
25°30 ln ” ” 591-0 
24:10 1 7 PP 597-2 
22°95 1 ”» ” 603:0 
220 in x + 608 
21'8 In a 609 
19:18 1 eed so 6223 
18°84 1 18°97 Ce? ” » 624-1 
16°40 2 16°48 ” »” 636°6 
148 In 15-00 ” a 645 
13°60 1 a a3 650°9 
. 13:02 FA. 
12:98 2 12:90 =p “5 6541 
12°68 1 os a5 655°6 
11°80 1 ” ” 660°2 
10-60 2 10°73 ” ” 666°4 
09°10 1 As s 674-1 
08°61 1 i 676°6 
06°65 in os , 686°7 
05:95 in ons rf 690'3 
02°98 In aS os 705°6 
01:87 i Poet] ade GGL 
00:56 1 Rss 5 7181 
4399 25 2 4399:39 Ce? ” » 7248 
98°10 2 98:16 “9 fe 730°8 
96°67 1 96:69 én nf) 738°2 
95:09 2 95:14 Zr? ere a 746:3 
93:28 1 93°31 * ” 755-7 
91:30 8 91°29 ss rs 7660 
88:59 1 s fA 7800 
87:93 5 87:98 ss os 783 5 
87:27 1 ” y 786°4 
86°35 1 5 op 791-7 
84:3 1n ” ” 802 
82:10 8 82:03 aul a 813°8 
81-56 1 wel fo 8163 
80°13 In < of 824:0 
79°75 in & ry 826°1 
79:00 1 ” ” 830:0 
77-50 2 77°50 % 6 8378 
T5177 1 5 5 846°8 
74°96 2 74:98 Yt? Rey oF 851°1 
74:08 2 74-15 ah *) 855°6 
69°50 2 69°48 ed cp 879°6 
66:08 1 a 6-4 897-4 
64:5 In ~ ‘a 906 
62°55 1 5 a 916-0 
61:96 1 - 3 919-1 
61:50 2 61°52 » ” 921°5 
59:00 1 ap “ 9346 
58:70 1 ‘4 oe 936°2 
57°79 1 aly ate 941-0 | 
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THORIUM (ULTRA-VIOLET. SPARK. SPECTRUM) —continued. 


| Reduction to BES 
Wave-length | Intensity | | Mecuun BE8 
(Exner and | and Wave-length (Lohse) SRT Rap os, es 
Haschek) Character | Dh 32 
A+ Xr Ok: 
| = | 
| | 
435550 | 2 55°54 1:27 6-4 | 229531 
53-55 1 53°64 Ce? Obl oa 963°3 
52-27 1 52:94 Ce? ” ” 9669 
51 00 1 ” ” 975°8 
49-57 3n - » | 9844 
47°36 1 47-46 + 4 996:0 | 
45-22 1 x , ~ (280074 
44-50 2 44:60 el Be O12 
43:79 1 42-93 r s 015-0 
49-45 2 49:50 Zr? ae pe O22 
41-22 2 41:30 Zr? C < ii 028°6 
37:55 2 37°64 Ss ap | @OF8E 
36-7 In A: | 053 
35°89 3 35°97 “A # 056-9 
35-46 1 4 "| 059-2 
34-11 2 34-22 . nj 066-4 
32-09 2 32:18 f | 076-5 
314 Ib a a 081 
29-65 1 29°78 Zr? 2 | 0902 | 
28-86 1 28°95 Le wf OOS | 
27°30 1 te ‘ 102°7 | 
23-1 1n. ie eee C3 
29-9 In f) u 126 
20 77 2 20°84 . 6 1376 
20°31 2 20°36 e fe 14071 
. { 19°82 { : 
19:28 1 | 19-42 i 5 1476 | 
18-47 1 18°61 _ a 150°0 
16°15 1 *; | Pan 
15°86 n x . 164-0 | 
15°52 1 % "L658 
14-22 1 | (aes 
13°53 al 7 it POMTES 
13-17 1 fi 4 178-4 
10°90 In 1 yy EL 5h. ROG 
10°19 4 10:25 |. SME 3 194.4 
08:42 1 » &| 6B | £2089 
07-40 1 ce 209:3 
06 57 2 06°58 rf A 213°8 
05°65 In - 4 218'8 
02:2 1b 02°74 Ca? a e 237 
00-98 ‘1 Wok x 246-0 | 
99-66 1 Le in 251-1 
99-01 1 4298-79 Zr? 4 if 254-7 | 
97°53 1 5 | 262°7 
97-11 1 F. a 265-0 
96-83 1 a a 2665 
95-25 3 95-27 Z if 275-0 | 
91-60 1 _ ¥ 294-8 | 
90-6 In a, a 300 | 
88-23 2 88-20 A (tes 
87-9 In & 4 (0 BIB 
86:90 1 » | a | BR0°4 
86°38 1 85:39 |} a2 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


| Reduction to| ¢ », 
Wave-length | Intensity Vacuum 328 
(Exner and and Wave-length (Lohse) S53 
Haschek) | Character NI. cea et 
AES eee eee | 
XN Cia | 
Tar ih 5 : if 
4385-35 In 1:27! 65 | 23 
85:15 2 85°16 ” ig sai 
83-70 2 83°67 ai - 337°8 
82:20 4 $219 3 if 346-0 
81-63 2 81-61 a i 3491 
81°23 2 81:25 ; & 351°2 | 
80°43 1 ee ST: 3556 
7749 2 TTAT 2? ” | 371°7 
77-13 1 ea | 373-6 
7697 1 ” ” 3745 
74-51 1 
mis | 8 “447 Tat | 0 qoassen| 
7354 3 73°51 z s 393-3 | 
71-26 1 71-26 . » | 405-7 
70°49 iL 70:50 ” ” 410°0 
1 63'50 1 63:54 & 448-4 
| 62:9 In 452 
56°25 1 | 5634 Ce? 4 a 488-3 
| 54-60 1 ; 497-5 | 
{ : } ” ” JO 
5409 | 1 | 500-3 
54-00 j 1 ” ” { . 
53-66 | 1 ” ” her 500°8 
53:35 1 Peeve di bee) 
50°50 2 50°57 is i Eat 
49-80 2 49-91 i 4 523-9 
48°10 3 48°23 : , 533°3 
4773 | bb: GiB Sie 
4246-56 1 i, 541-9 
45°63 1 pied hy eesz-o 
44-99 1 1. si | BBO 
44-05 2 44-17 , 4 5558 | 
42-95 In 561-9 | 
49:59 In 40°84 U? vi if 5643 
es ; ” S 583'1 
. + ii i 593-6 
4 4 : . » |. 605-5 
33-41 1 33°51 “i fp a 
29-58 2 29-733 - i 636-4 
27-82 1 26-98 Ca? “J y . hegae3 | 
? ” ” 
26-0 in | 656 |] 
24-75 i ak |, WeNeEgia 
| i ” ” 
24°37 x ” ” 665°5 
23-9 In ss i 668 
22°32 1 “ f 676°6 
20°23 2 20 27 ; 688'8 
| 19°54 1 Ne ee 2: 
18-69 1 4 : ors 
18:34 1 a i 699-4 
| 17°35 i: is : 5 
| 1619 1 4 3 ote 
| 1473 1 15°74 Sr? A i Ba 
| Pea4-15 1 A! 7 
j | ” ” 722°9 
| 13-28 1 ee Se » | 7279 
| OPOU1-67 2 11-72 | 736-2 | 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


| 


Wave-length | Intensity 
(Exner and and Wave-length (Lohse) 
Haschek) | Character 
4 | 
420901. | 5 | 0907 
0683 {| 1 | 06-93 
02:03 | 2 02°11 
419y18 {| 1 
97:24 1 
96-02 2n 4195-97 
95°75 2 95:73 
94:27 1 
93:15 1 
92:03 In 91°97 Zr? 
88°75 1 
84:95 In | = 84°87 
8448 1 | 84:29 
83:76 1 83°57 
82°15 2 82°21 
81:18 
80°15 : aN | 
79°98 Zr? 
79:86 | 2 | { ie 
7820 | 3 | 78:16 
CT a a 
7465 %¢) In | 
7415 | In | 
73:7 In { 
7152 2 71°56 
a0) 4 (4 71:00 
70°65 2 70°67 
68:81 2 68°81 
67-45 In 
com yin, 4 
65°92 | 1 i 
6525 {| 1 65 24 
ae 4) 4 | 64-45 
63:84 2 ; 63°86 
ar 2 ia. 4 
62:87 2 62°88 
62:10 1 
61:73 1 
60°9 | in, | 
a | 59°76 
pre; | 
57-20 t 
56:69 s | 4156-67 
56°35 1 | 56°39 Zr? 
55°51 1 | 
51°6 1 | 
50°17 2 | 5011 Ce? 
48°5 In 
48°35 2 48:31 
42:87 2 42-80 
42-63 2 42°63 Ce? 
41-82 3 41°75 
4042 | 4 40°35 
38:97 1 
36°53 2 36°51 


Reduction to 


Vacuum 


Oscillation 
Frequency 
in Vacuo 


L 


23752°0 


764°3 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


115 


Baenenay to Bo 
peblariaths : acuum sad 
"ence 15 | ee | Wave-length (Lohse) = aa et | a 53 
Haschek) | Character i De ae 
| Xr OR" 
4134-27 2 \* 3421 127 | 68 | 241813 
32°95 3 32°91 rhe See 189 0 
30°83 1 ” ” 201-4 
30°15 ln ” ” 205°5 
29°15 ln ” | ” 211°2 
27°60 pe ” | ” 220°4 
24:79 2 24:76 Ce? et abit been 0 236°9 
23°72 1 23°70 ike | Acicn 243'1 
23:17 af ” | ” 246°3 
22°85 L 22°83 ” 248°9 
16°91 5 16°83 ” ” 283°3 
15°85 1 ae 289'5 
14:3 In | a 5 299 
ih Br ér¢ if! 13:71 ” ” 299°8 
12°95 1 | 12°92 Zr? ” A 306°6 
12-52 1 | 12°43 more uae 309 2 
11:09 1 10°98 sat |. ae 315°6 
10°72 2 10°70 ee Way ol 319°8 
10°31 ” | ” | 
08°61 3 08:55 Fit ahh 339%: 
08:01 1 07:93 ” ” 335°9 
07-58 ap 07:50 Ce? ” ” 338°4 
06:6 In 06:03 ” ” 344 
05°55 2 05:46 *f a 350°5 
64'60 2 04-47 yo ” 555-1 
03°9 ln 03:75 ” ” 859 
03°35 ” ” 
01°60 I: 00:97 Di? ” ” 36K) 
01-08 2 00°50 ” ” 376°0 
00°57 1 ” ” 380:0 
409913 2 4099-05 Or ie eeo wibmeese o 
97-93 if | 97°85 ” ” 395°7 
97°52 1 | 97°45 yl eee 3981 
94:99 3 94:90 ” ” 413°2 
93°60 In 93°57 Ms ” 420°5 
91°7 In ' A 433 
‘91-53 1 ” ” 433°8 
86°71 3 86°88 La? ” ” 462°6 
86:02 L 86°05 Zr? ‘9 ” 463°7 
85:22 4 85:21 ” ” 4716 
83°60 i ” r 4813 
82°10 i 82:03 Zr? ” ty 490-3 
81:23 1 ” a 495°5 
80°50 1h ” ” 499°9 
80:12 1 3 ¥ 502°2 
79:77 1 a Bs 504°3 
79°35 a} ” ” 506'8 
7789 Sr? ” ” 
74:90 1 ci 3 5336 
73°92 1 ” ¥ 539°5 
7315 il 7314 ” ” 544-1 
70°95 1 ” af 557'4 
1902. L 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Reduction to 


Bho 
Wave-length) Intensity Vacuum 2 a 5 
(Exner and and Wave-length (Lohse) = 5S 
Haschek) | Character yee a S24 

A Om 
4069-40 4 | 69°39 1-27 6:9 | 24566°7 
68°15 in ” ” 5743 
67:78 1 2 » 576°6 
66°3 In ” ” 585°5 
65°90 1 ” ” 587°9 
65:46 1 | 3 Pe 590°6 

64°9 In | = EG 594 
64°50 if | a 3 596°4 
63°91 i | a “ boo9 
63°59 1 os “A 601°9 
60°05 1 ” ” 623°'3 
59°45 1 “F rp 626°9 
57°99 1 ” ” 635'8 
57°52 1 a ” 638°7 
5723 ln aj “3 640-4 
55-43 1 “5 yi 651°4 
55:00 1 “§ “A 654:0 
53°68 In a ro 662°0 
52°65 In = 5 668°3 

513 In “5 7-0 676 

5171 In »> » 678 
50°02 1 a “7 684'1 
49 02 30 49:02 a ” 690°2 
48°60 1 | 48°61 an 35 692°9 
48:18 1 | 48:22 ” ” 695°5 
1 45-85 1 ot |g: AE 

432 In | 43-21 “f a 726 
41°36 2 | 41°32 ” ” 7371 
40°45 il ” ” 742-7 
39°53 1 | 5 La 748°9 
37-40 In x on 7614 
36°71 2 | 36°70 »” ” 765°6 
36°22 1 | ” > T68°7 
35:02 1 | » »» 7760 
34°36 2 | > y 780'1L 
32°69 2 34:47 ” ” 790°3 
i 3b4T In 32°74 3 797°8 
i 31°25 1 ” »” 799:2 
| 31-00 1 0 Be 800-7 
i 30°45 In ” ” 804'1 

4 29°5 In ” ” 810 
q 29-18 1 ” ” 8119 
} 28°33 1 28°94. > ” 81411 
i 27°82 1 ” ” 820-4 
| 97-48 1 ‘f » | 822-4 
| 96-30 1 26°42 * > 829-7 
| 25°78 2 25°85 ” ” 832° 
24-63 1 ” ” 841:0 
23:70 1 ” ” 845°5 
23°25 1 aS th 848°5 
22°23 1 22:30 Ce? * 854'8 
20°23 fel ” » 867°2 
19:30 10 rr, oo 872°9 
17:25 1 ms “ 885°6 
} 16°45 1 4 as 890°6 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continucd. 


Reduction to | pets 
Wave-length | Intensity Yeges 3 8 3 
(Exner and and Wave-length (Lohse) = Fed | 
Haschek) | Character a B35 || 
A+ INE; on 
4015-27 In 1:27 | 7-0 | 24897°9 | 
14°66 | i Fs be 901°7 I 
13°45 1 ” ” 909°2 ij 
12-67 1 Pr a 914-1 |} 
11-95 2 » » 918°5 | 
es | in 7 | 1 S366 | 
09-70 | in et) 3% A BBory 
09-22 1 a be 935°5 
08-35 1 ce Fe 940-9 | 
07-68 3 ” sf 945°1 
06'51 2 35 Pe 952-4 | 
05°69 3 FD 5 957'4 | 
03°49 3 “6 71 9711 | 
03-21 2 a soll 972:3 | 
01°88 1 ” a he eee 
01°22 1 8 ‘5 991-0 } 
\ 00°10 1 | eed 992°3 | 
3998-01 3 wade uae 999:7 | 
97°60 1 a) [2p00T?o 
96°20 2 7 a O16:7 
94-70 2 oe PF, 026:1 | 
93°86 i a H 031:'3 
ga | 1 mole Dewey 
91-80 In nie 044:3 
90°72 in 3 Fr 051:0 
899 | ot | 7s Peigeeg 
88-71 i! is 0635 
88:17 3 a 3 067°0 | 
87°88 1 ” ” 068'9 
87°35 1 8 072°2 
87-21 1 ” ” 072°6 | 
86°81 al ns , 075°6 
86°26 1 ” 5 079-0 
85°55 1 oe Pe 083°5 
84:76 1 a a 088°5 
84:50 1 en ee 090°2 
82°36 1 Fh A. 105-6 
82:23 i 3 3 104-0 
ae see 
‘ iS »” ” 11 “5 
80°90 2 ” »” 1129 | 
80°26 1 5 9 
79:20 2 ” / 2 ena | 
77-99 1 Pl el 131-2 | 
76°56 2 Bal ae 140°3 | 
i433 | ul > Sees 
; ” ” 154-0 
Life - oh 4 167:2 
70° +3 A} 181°8 
69:70 In ” ” 183°7 
69°50 1 ” ” 185:0 
69°15 1 » ” 187°2 


L2 
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Wave-length 
(Exner and 
Haschek) 


3967 52 
67°37 
67:10 
66°9 
65 00 
63°65 
63°83 
62°49 
61:07 
60°50 
59°38 
58:30 
56 75 
55:58 
53°58 
52 60 
61:66 
61:25 
50°53 
49:06 
47°80 
47:48 
473 
46°30 
45.96 
45°63 
43°81 
AS A7 
42°)5 
42°75 
42°20 
41:48 
40 49 
39°88 
38°86 
38°01 
387 14 
386 45 
36 07 
35 74 
35.32 
34 90 
33 65 
33 00 
32 35 
32.10 
Slee 
30 43 
29 74 
27 54 
27 24 
26 80 
2519 
DDH 
20 41 


REPORT—1902. 


THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Intensity 
| and 
| Character 


Wave-length (Lohse) 


=] 


= 
i=) 


de oe 
=) 


— 
So 


In 


home t 


eR RR 


te 


= 


a en oe | 


iS we 


5 
2 


Ree hoe bt 
i=) 


Reduction to | 


Vacuum | 
| 
| 

ne a 

es 

Leo ire 

” | ? 

| 

” | ” 

” | ” 

” | ” 

” | ” 

” | ” 

> eb}, os 

” | 9 

” } ” 

” ” 

” ” 

” ” 

= 12 

” | ” 

” | ” 

” ” 

” ” 

” ” 

” ” 

” ” 

” ” | 

” ” | 

” ” 

” | ” ' 

” | ” 

” ” 

” ” 

” i ” 

” ” 

” ” | 

” ” 

” ” 

” 2” 

” | ” 

” | ” 

” | ” 

” | ” 

” ” 

” ” 

” ” 

” ” 

” ” 

” ” 

” ” 

” ” 

” ” 

” | ” 

” | ” 

” | ” | 

” | ” 

” H ” 

” | ” 

” ” 

” ” 


Oscillation 
Frequency 
in Vacuo 


pore 
o3 
S & 
bo Ot 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length 
(Exner and 
Haschek) 


Character 


Intensity 
and 


391862 
18°13 
16°90 
15°92 
14:6 
13°95 
13°15 
12°41 
11°45 
086 
08:03 
07:48 
06°95 
0613 
05:29 
O+21 
02°60 
02°25 
O13 
00°99 
00°25 

3899°1 
98 95 
98°60 
95°55 
95°02 
94:53 
93°55 
93°20 
92°42 
91:18 
90-49 
87:55 
87:08 
86:12 
85°87 
84:96 
84°67 
72 87 
72°45 
69-77 
69°50 
67:46 
67-00 
65:20 
63°51 
62°50 
59-98 
54-61 
53°60 
53°10 
51:72 
46°40 

45°17 
43°10 


Pewee | 
5b 


el = It AY wd 
6 


fe eg ei Ee nine, Boe ye a ee 


Z 


SO i ese 
* 

Q 

ys 


1 SS 
~ 


6B 


Cle ee 


Wave-length (Lohse) 


Reduction to 
Vacuum 


Oscillation 
Frequency 
in Vacuo 


6061 
616'6 
618°9 
(25 

627 2 
6316 
640 

640°6 
642'9 
663°0 
666°5 
669°7 
676°2 
678°5 
683-7 
691-9 
6964 
715'8 
719'0 
723°3 
[27:0 
733°0 
7349 
$133 
81671 
8340 
8358 
849-4 
852°5 
8646 
875°9 
8827 
| 899°6 
935'7 
942°5 
945°8 
959'1 
991-0 
999°3 
/ 26013°3 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—-continued. 


Wave-length 
(Exner and 
Haschek) 


Intensity 
and 
Character 


Wave-length (Lohse) 


Reduction to 


Vacuum 


383990 
38:92 
38:01 
36°65 
34:75 
32:97 
32°59 
31:90 
29°53 
28°58 


Q 
A 


RW WEEE HD EDD NNW EEN lew 
(oko) 
ZiA 


5 


BB 


aN meh US Mall TN ll al oa alt IDS al ll 


scillation 
requency 
in Vacuo 


O 
F 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued,. 


Wavye-length 
(Exner and 
Haschek) 


3801-75 


01°50 
00-80 
00°53 
00°20 
3799:79 
- 99°36 
98°70 
98°25 
98:1 
97-66 
97°10 
96°33 
95°90 
95°53 
94°50 


. 94:30 
93°92 
93°65 
93°14 


92°80 
92°52 
92°15 
91:50 
90°99 
90°67 
90°2 

89:29 
88-54 
87°65 
87°34 
87-04 
86°12 
85°80 
85°50 
83°95 
83°48 
83:27 
§2°35 
81:83 
81:05 
80-65 
79°95 
78°93 
78°06 
77-50 
TT-27 
76:10 
75:47 
74:40 
73°94 
73°23 
W241 
71-96 
71:55 


Intensity 
and 
Character 


6B 


Reeth 


r=] 


B 


ee ee ae ape ce Se yee eg rea en re Re RS Brae 


i=} 


=] 


5s OR 


aed D URS Ge ey rghit ees PVE ras Ee 


Wave-length (Lohse) 


Reduction to 
Vacuum 


Oscillation 
Frequency 
in Vacuo 


HH 
or 
bo 


Wave-length 
(Exner and 


Haschek) 


Intensity 
and 
Character 


3770-4 
70°25 
68°62 
68:05 
67°39 
66°52 
65 70 
65°43 
64:9 
64:48 
64:26 
63°75 
63°49 
63 04 
62°50 
61:28 
60°48 
59°46 
58°95 
57°88 
57-44 
56°9 
56 46 
56:05 
55°55 
55:37 
54:75 
62°73 
5191 
50°82 
50:30 
49-17 
48°45 
40-73 
46°68 
4615 
44°89 
43°71 
43°15 
42°45 
41-40 
41:03 
40°6 
39°95 
39°02 
37:37 
37°10 
35:70 
35°05 
34:77 
32°85 
31°60 
30°96 
28°32 
28:11 


i 
5 


Cl ee ol) 
i= 


BS 


Herriot we 


NN WH WHEE HE oT 


5 


Ll ell el oll | lll eel or 
eo) 
o 
"0 


~ 
=] 


a eo 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Reduction to 


Vacuum 
Wave-length (Lohse) wow Es 1 

rea tae ee 
A 

1°27 | 75 
” ” 
» ” 
» ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
39 ” 
” 

” ” 
” ” 
” ” 
” ” 
” > 
’ ” 
? ” 
”» ” 
” ” 
” ” 
2 ” 
33 ”> 
” ” 
” ” 
” ” 
” ” 
” 9 
” ” 
” 29 
” ” 
” ” 
” > 
” ”» 
” ”> 
” »”» 
” ” 
” -} 
” ” 
” ” 
” ”» 
” ” 
” ” 
” ” 
” ” 
»” ” 
EB) ” 
” ” 
? ” 
” ” 
” ” 
” 76 


Frequency 


Oscillation 
in Vacuo 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length 
(Exner and | 
Haschek) 


3726-89 
26°40 
26 02 
24°93 
24°70 
23°85 
23°46 
22 35 
22-01 
21°55 
20°90 
20°52 
20°18 
19°90 
19°63 
18 85 
18°36 
18:00 
16:98 
16°42 
14:53 
12°71 
11°95 
11°50 
10°75 
09°82 
08°90 
07°60 
07-16 
06°91 
06:15 
05°16 
04°16 
03°04 
02°26 
00°95 
0°50 
00°1 

3698°95 
98:47 
98°30 
97°21 
96°82 
96°15 
95°25 
95°05 
94:08 
92°65 
92-24 
90°67 
90°27 
88°93 
88:40 
87°80 
87:13 


Intensity 
and 
Character 


5 


6B 


i=] 


ea RD IN eee ae ae 


=) BB 


56 


ee teste tg NO 


ta) 


Dorr Ww ue 


Wave-length (Lohse) 


Reduction to 


Vacuum 


in Vacuo 


Oscillation 
Frequency 


26824°5 
827°9 
830 7 
838:°5 
840°2 
846°3 
849-1 
857°1 
859-6 
862°9 
867°6 
870-4 
872°8 
874:8 
8768 
882-4 
886°0 | 
888-4 
896-0 
900-0 
913-7 
926°9 


932-4 
935°7 
941-1 
947-9 
954-6 
964-0 
967-2 
976°8 
975°6 
981:8 
989-0 
997-2 
| 270029 
012°5 
015°8 
019 

027-1 
030°6 
031'8 
039°8 
042:7 
047°6 
054-2 
055-6 
062'8 
073-2 
077°3 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


| 

Wave-length 

(Exner and 
Haschek) 


/ 


Intensity | 


and 


Character | 


368603 
84:10 
83°50 
83°01 
82°52 
82:06 
81:38 
80:72 
79°89 
78:96 
78°19 
78:0 
76:88 
7572 
73:97 
73°45 
73°15 
71°72 
71°38 
70°80 
70°21 
69°56 
68°31 
66°53 
65:90 
65°62 
65°33 
63°88 
63°32 
62°80 

| 62°36 

6165 | 

60°28 

59 66 

58°32 

58°20 
57°70 | 
56°35 

55-2 


WNP Ree 


Lal peel ell el el ell ON oe oe oo CN Se 
i 
-= 
~~ 


Wave-length (Lohse) 


De ee 
i—] 


BS 


6B 


Ll oll ll ell ee Oe RS) 


8 ll coll coe el 
BS 


Reduction to 
Vacuum 
el 
A 
1:27 | 76 
” ” 
Ay TT 
” ” 
” ” 
” ” 
” ”? 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ck 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” Lo} 
” ” 
” ” 
” ” 
78 


Oscillation 
Frequency 
in Vacuo 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length 
(Exner and 
Haschek) 


| Intensity 
and 
Character 


3616°85 
15:26 
14:16 
13°91 
12°57 
12:27 
10:94 
10°55 
10-20 
09-60 
09°34 
08-48 
08:07 
07:52 
06°87 
06°82 
05°78 
04:17 
03°76 
03:49 
03°32 
02°63 
02-14 
01-20 
3599 77 
99°45 
99°13 
98-24 
97:00 
95-40 
94:20 
93°96 
92:92 
92°60 
91°16 
89-47 
89-22 
88°35 
85°91 
85:16 
83°16 
82°15 
81:33 
80°36 
79°45 
78 27 
17:34 
76:68 
75°43 
73°64 
73°35 
7252 
71:70 
70:03 
69°75 


Ce ell gee SB ell Bl ell CO ol ol el el oe Oo eC] 


B 


i=} 


=] 


lee SA OR ON ONO ON Ce CROC Na 6 ol Cie CMe eet a 


Wave-length (Lohse) 


Reduction to 


Vacuum 
is ee 
A 
2% | 8 
| 
” ” 
| 
” ” 
” | ” 
yo] om 
” | ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” | ” 
| 
” ” 
” | ” 
” ” 
” ” 
” ” 
” | ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ” 
” ”? 
” ” 
” ” 
” Led 
v9 


in Vacuo 


Os 
F 


cillation 
requency 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length 
(Exner and 
Haschek) 


3568°10 
67-81 


Intensity 
and 
Character 


WNrRrhDNRe a 
low lop low 


j=] 


a a os oe oe) 


[=] 
* 


et 
BS 


| 


Wave-length (Lohse) 


Reduction to 


Vacuum 


scillation 
requency 
in Vacuo 


O 
F 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length 
(Exner and 
Haschek) 


3520-85 
19-88 
19-02 
18°83 
16-96 
16°50 
15°89 
15°13 
14-70 
13°90 
1341 
12-29 
11°82 
10°91 
10°72 
09°33 
07:72 
07-00 
05-62 
04-20 
03-75 
02°94 
02:13 
01°61 
01:03 
00-70 
(10-45 
00°15 
349915 
98:77 
98-15 
97-85 
97-41 
97°19 
96°94 
95:90 
93°69 
93°47 
92°85 
91-75 
90-62 
| 90-42 
89-99 
88-00 
87°15 
86-67 
85°63 
85°35 
84-25 
83°56 
83°36 
82-96 
82:70 
81-20 
79°33 


Intensity 
and Wave-length (Lohse) 
Character 


| Reduction to 


;| Vacuum 


Oscillation 
B'requency 
in Vacuo 


ONE HEN REPEPNWRENH 


Lr} 


Eien 00 res ND eb Fi Pe DL B.D. Pa PRS, Fs NANG, NS Se 


i=} 


* 


be Rt bo bo bt 


73°4 | 
579°4 


mn oO 
a 
pe 
er) 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length 
(Exner and 
Haschek) 


| 


Intensity 
and 
Character 


‘Wayve-length (Lohse) 


Reduction to 
Vacuum 


| 
| 


29 Oe bo ett et tbo et bo bo 


s 


Pe 0 Ree 
M 
Lad 
> 


So ameS Same eae yrmn ag ae hae ere 


BB 


Bb 


Lo Oi all cell 8° cell 8° lll ell oe So NS a 


1:27 | 81 | 28 


” I] | 


29) 


” ” | 


Oscillation 
Frequency 
in Vacuo 


9962 
005°2 
012:0 
015-2 
016°5 
026°5 
029'9 
0490 
051°8 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length 
(Exner and 
Haschek) 


3439°83 
39:07 
37°13 
36°80 
36°05 
34°86 
34:09 
31:95 
3116 
30°70 


Intensity 
and 
Character 


YS bo OO 


it et et bo 89 Ps et tO i te 


= 
BB 


wee be 


NSN NST aS ete ah) eae a ae ee SSI 


6 


i=) 


See 


Wayvye-length (Lohse) 


| Reduction to | 


Vacuum 


A+ na | 


Oscillation 


Frequency 
in Vacuo 


e 
So 
eels 
ry 
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= 
bo 


REPORT—1902. 


THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length 
| (Exner and 
Haschek) 
| 


Intensity 
and 
Character 


Wave-length (Lohse) 


| 339577 
95°50 
| 95°26 
94°96 
94°64 
94°27 
| 93°35 
93:05 
| 92-20 
} 91°85 
90:93 
| 90°48 
89°77 
$8:°70 
86°64 
$5°66 
85°16 
83:27 
83-02 
81:51 
799 

79°28 
78°70 
TT5T 
76°98 
(a5 
74:73 
72°85 
71:96 
71:65 
| 70°95 
| 70°53 
69:23 
67 93 
66:8 

66°64 
65:75 
65°43 
64:79 
63°84 
63:20 
62°80 
62°68 
62°35 
61°82 
60°51 
60°30 
| 59°87 
| 59°20 
| 58:74 
5748 
57°38 
67-21 
56°96 
j 55°96 


WWE EE OR Ee ee eee 


me OO 


rac} 


oa = 
> 
aq 


Oo el ol oe Oe dO SOP Lo ina) 


LS ll oli ell eee ll eel eel SO oe el on LO 


Reduction to 
Vacuum 


A+ 


Oscillation 
Frequency 
in Vacuo 
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Wave-length 
(Exner and 
Haschek) 


3355°38 


54°74 
54°35 
54:10 
53°31 
51-75 
51°38 
50°43 
49°99 
49°48 
49°10 
47°72 
46°68 
4501 
44°46 
43°77 
43°41 
42:37 
39°70 
38°50 
38°00 
37°65 
37°26 
36°9 
36:26 
35°17 
34:72 
34:18 
33°50 
32°56 
32°22 
31:30 
30°62 
28:40 
27°86 
27°32 
26°58 
25°27 
24°88 
22-60 
21:57 
20:97 
20°42 
19°76 
19-09 
18°35 
17:90 
17-7 
16:37 
14:99 
13°87 
12:23 
10°65 
10°35 
09°25 
1902. 


THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Intensity | 
} and = | 
| Character 


PNR Re Ree Re wbrb 


© to 


Lard 


| 


he SR a ae Sade 


bow We bo 
6B 


=] 


B 


_ 
PH RHONPE ere BH 


Bp 


Wave-length (Lohse) 


Reduction to 


Vacuum 


Oscillation 
Frequency 
in Vacuo 


29794°4 
800:0 
803°5 
8058 
812°8 
826°7 
830°0 
838-4 
842°3 
846°9 
850°3 
862°6 
8719 
8868 
891-7 
898-4 
901°1 
910-4 
9343 
945°1 
949°6 
952-7 
956°2 
959 
9652 
9749 
979-0 
983'9 
990:0 
998-4 
30001°5 
009°8 
015°9 
036-0 
040°8 
045°7 
052°4 
0642 
067°7 
088°3 
097'6 
103°1 
108°1 
1141 
120:1 
1269 
131:0 
133 
144°8 
167-4 
167°6 
182°5 
196°8 
199°7 
209°7 
M 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Reduction to | 


B Bo 
Wave-length| Intensity Vacuum Bs 
(Exner and and Waye-length (Lohse) Fae 
Haschek) | Character ee Ean Se 
Xr Of:n 
3308-20 1 1:27 | 86 | 30219°3 
04°33 1 ” ” 2547 
03°59 1 ” » 261°5 
01°81 I ” ” 2778 
01°44 2 ” ” 281:2 
00°63 12 25 ” 288°6 
3299°80 1 ” ” 296°3 
97:95 2 ” ” 3142 
97:47 1 ” ” 3177 
96°72 2 ” ” 324°6 
95°65 u ” a 334-4 
95°44 1 ” ” 3364 
95°12 1 ” ” 339'3 
94-76 1 . Pi 342°8 
94°67 1 ” » 343-4 
94:37 1 7 os 346°2 
94:06 2 ) 7 349-1 
93°79 1 rf 6 351°6 
93°71 1 ” -- 852°3 
92°62 3 092 “5 361°9 
91°88 3 3 PY) 369:2 
91-50 il ” * 372°7 
90°25 1 ff 87 384:2 
88:27 1 5% si 402-4 
$7:90 2 ” ” 406'8 
86-71 2 Si rn 4169 
84:23 2n ” ” 439°8 
83-11 2 ” ” 450°2 
82°75 2 ” " 453°6 
82:2 1b 35 -) 459 
81°56 1 ” ” 4646 
81:42 1 ” =f 4659 
80°84 it + Fh 4713 
80°52 2 a FY 474:3 
78°90 1 ” 0 489°3 
76°30 1 ” ” 513°6 
75°20 2r ” ” 523°8 
74:55 1 a ” 529'8 
72°5 16 ” » 549 
713 In oF - 560 
70°97 1 6 ‘3 563'3 
70°37 1 ” “0 568°8 
69°57 i ” 7 576°3 
67-65 2 : i 594°3 
66°45 WY ” ” 605'6 
65°67 1 » sp 612°9 
64:56 i ” ” 623°3 
64:26 1 ” ” §26°1 
63°8 In if if 630 
63°16 1 4 if 636-4 
62:79 3 ” ” 639°9 
61°66 1 i i 650°5 
61:2 In A HA 655 


61:04 1 | : - 656'4 


i 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 
ee eee 


Reduction to 


ARS, 
: Vacuum Sas 
Wave-length | Intensit Fe} 

eee ea and Yi Wave-length (Lohse) Ss 2,3 
Haschek) | Character A+ hs ae a 
A OR 
3259-82 1 0:92 8-7 | 30667-8 
59°35 1 ” 6S 672°3 

58-2 In OO) £ 683 
58:05 1 ” . 684:7 
57:27 2 9 > 691°9 
56°38 3 } ” 3 700°2 
55°62 2 a ee 7074 
54°96 1 ” | ” 713°7 
53°12 1 » “5 731:0 
52°85 1 i 88 733°5 
52-02 1 ” | ” 7413 
50°3 In ” | ” 7575 
50:06 1 so | wl ap 759°9 
49:02 1 ” ” 7697 
48°62 2n | Fenske Olle dees 773°5 
46°73 1 | ” ” 791°4 
45°91 3 ery ae 799°2 
44°64 1 A FS 811:1 
43°96 1 ” 5: 817°8 
43:18 1 eee ae 825°2 
42°42 2n st El ss 832°4 
41-70 1 Fohed tlimeeoe5 839-2 
41°25 3 ” | ” 843°5 
40°62 2n ” oe 849°5 
39°38 1 ” | ry 861°3 
38°91 1 Yo witaees 865°8 
38-23 3 me 872°3 
37°36 In ss eas 890-1 
35°95 2 » ” 894:0 
35:00 1 Bo Pc 903°1 
33-70 1 | weeps 915°5 
33°48 1 Wh 3 A 917°6 
32°87 1 ” Fy 923°5 
32:21 7 ” “ 928°8 
30°98 2 ” | ” 951°6 
29°10 3 ” oc 959°6 
27°90 2 ” ” 971°1 
27:10 1 » | 978°9 
26°52 1 Ie gota he gs 984°3 
26°23 1 3s 3 986°2 
25°80 if ‘ teenies) 991:°3 
25°51 2 lanes » 994-0 
24°55 1 “| ” | ” 31003°3 
ge 38 1 bn an | a 009-2 
3°40 1 fap fil” - sp 014:3 
22:00 1 Ph alee 027°8 
21°40 12 if n 033°6 
20°46 1 ne || 5 038-1 
18-94 1 Pee 057°3 
18:45 1 a eT 062-0 
17:94 1 ” | ” 067-0 
17°56 1 eles 070°6 
16:71 8 ” ” 078°8 
15:92 at ” 89 O86"4 
13°71 2 ” » 107 8 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—céntinued. 


Wave-length 
(Exner and 
Haschek) 


Intensity 
and 


Character | 


3212°96 
12:17 
10:43 
09°47 
08°15 
07°88 
07-03 
06°30 
05-45 
04:02 
03°75 
03°36 
02°25 

3199-09 
98°83 
98°60 
98:34 
97°73 
95-90 
95°45 
93°50 
93°29 
92:25 
91-98 
91°33 
90°86 
90°25 
88°38 
87°56 
87:14 
85:05 
84:06 
83:94 
83°70 
82-80 
82°52 
81:9 
81°33 
80-35 
79°18 
78°91 
78:00 
77°65 
77°33 
76°65 
75°84 
74°62 
74:34 
73°'3 
72°65 
72°24 
71°84 


70:53 
69-98 
A 69:48 


B 


6 


* 


B + 


cll cel el el el eel eel Sel ee) ee el a 
5 


ion 


RPE EP BEB EHP HPP WHEE epee 
6B 


Wave-length (Lohse) 


Reduction to 
Vacuum 


A+ | =— 


Oscillation 
Frequency 
in Vacuo 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Wave-length| Inten sity 


(Exner and 


Haschek) 


3167-66 


66°63 
66°25 
65:94 
65°8 

64°60 
62°95 
62:9 

61:81 
60°95 
60°3 

59°20 
58°72 
58:02 
56°49 
55:93 
54:89 
54:40 
51:9 

51°75 
50°56 
50:08 
48:11 
46:15 
42°95 
42°41 
41°95 
41:03 
39°38 
37:25 
36°83 
34°50 
33°70 
31:17 
30:08 
27°26 
25°60 
25°27 
24°47 
23-05 
22°5 

21°1 

19°60 
17:75 
16°56 
16°4 
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14:1 

12°46 
11:9 

10:92 
08°37 
07:11 
06:76 
05°83 


and 
Character 


SUS a Se eo aaah Cazes rae 


me bow 
pA 


20 


i 
5 


Be? 


WWW WR eee be 


— 
i=] 


Wave-length (Lohse) 


Reduction to 


Vacuum 


~ 


Oscillation 
Frequency 
in Vacuo 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 
| 


Reduction to | 4 oe 
Wave-length Intensity Vacuum 3 8 5 
(Exner and and Wave-length (Lohse) a Ens 
Haschek) | Character agit tees 
A Om 
310512 1 0-91 | 91 | 32195-7 
04°50 1 ” ” 202°1 
02°76 1 = a 220°2 
01°80 1 ” ” 23071 
01:02 2 ” ” 238°2 
3099-90 1 » | 92} 2499 
98:04 6 a A] ay 269°3 
97°35 1 ” ” 276°5 
96°50 In ” ” 285°3 
94°8 In ” ” 303°1 
9311 1 | eee 320-7 
92:46 1 jas 3 327-5 
90-20 1 ” ” 351-1 
89:72 1 ” ” 356°2 
88°54 2 ” ” 368°5 
84:40 2n ” ” 412°0 
84:10 In i. 415-2 
82°30 1 ” 9°3 434-0 
82°06 1 oo” ” 436-7 
81-80 1 ” | ” 440°3 
80°31 34 ” . ” 454:9 
80-00 1 BS 458-2 
78:99 4 ” ” 468:9 
78:02 1 | ” ” 479°1 
17°44 1 | ” ” 485:2 
76°05 In | ” ” 4999 
75°18 1 |» ” 508:1 
72°92 1 | a5 hy 5330 
72°22 2 | ” » 540-4 
70-95 3 ts » 554:1 
69°35 In | ” ” 570°8 
69-06 1 bias ‘ 573'1 
67°81 3 a Th 587°2 
66°33 2nr ae Oe, 602°9 
66:03 1 ” | ” 606°2 
63:15 3r a1 > a ti36°6 
61:79 2 al hae 652:0 
61:4 In a5 alt ost 655°5 
60:27 2 ” a 667-4 
58°51 1 ” | ” 686°2 
58:00 In ast "sy 691:8 
51:90 In pull | 94 T6571 
51:03 In ett Wee arp 766°4 
49-9 In ” | ” 779 
49-7 In ec, 4 781 
49:16 2 xe aa 786'5 
47°06 2 ” ” 809'1 
45°67 1 & eh 824:0 
43:20 In avec) ees 850:7 
40°2 In A i 883 
38°7 In + 4) 899 
35°21 2 ay 3 936°9 
34:17 3 a 3 9482 
33°25 In ” ” 958°5 


32°08 1 Pr + 971°3 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Reduction to 


ab 
avetioncth ‘ Vacuum S28 
feed | an” Wave-length (Lichse) 333 
Haschek) | Character | ee 1, aad 
x Or'= 
3031-40 1 0-91 | 9:4 | 329787 
28°69 Tl 3 “ 33008°1 
27:9 1b 4 of 017 
26:68 2 seni Gh 03071 
22°22 1 rei aoe O78‘7 
21°61 1 me “ 085°4 
19°52 1 @ 4 1083 
18°62 1 ee ” 1181 
17-26 1 ke rs 133°1 
15:87 1 i * 148-4 
15:08 In ff f 1571 
13:80 In a if 171-2 
12°85 ln % cs 181°8 
11:75 In - ii 1938 
09-90 1 2 3 214-2 
08-61 2 is 4 228-4 
08-0 1n es 4 235 
07°75 1 f ‘| 237-9 
07-03 2 - 245-9 
06°10 1 a Hs 256°2 
02°51 2 * 3 295:9 
01:37 2 z a 308°6 
2999-93 1 ps . 324-6 
99-23 or i i 332°3 
97-11 1 ” | 96 | 355-9 
95:90 2 a a 369-4 
93-91 3 3 ii 391°5 
91-82 1 e ai 414: 
91-20 1 te 5 421°8 
88°33 3 A s 455'8 
86-92 1 if 4 469°7 
86:20 In a if 4777 
85°38 1 rt ‘1 486-9 
83:97 2 be HH 502'8 
91°59 2 : ‘4 529°5 
80°5 In . - 542 
78°80 8 ¥ 97 | 5609 
1T4 In + 2 BIT 
76°85 ln i fe 582'8 
76:18 1 ~ a 590°3 
75:06 2 i - 603°1 
TL15 2 - aR 613°3 
73°67 2 .s J 618-4 
72°36 i a A 623-4 
71°63 1 3 s 641°'8 
6881 2 bi a 673'8 
65°64 1 i@ i 709°8 
65°05 1 ‘s si 716°5 
64:17 In “8 r 7265 
61:9 In ,.| 751 
61-62 2 ‘ 4 755°6 
58-20 In A 4 794°6 
58-04 2 in S 7965 
57-70 2 35 ; 800-4 
551 1n 830 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Reduction to 8 ere 
Vigv eneth Intensity | Vacuum ee @ 8 
Exner and and = 
Haschek) | Character Wve tenet leks) A+ lip 3 on 
A Or 
2951°37 1 | OL 9:7 | 33872-8 
50°60 1 ” ” 881-7 
50°02 1 5.40" wags 888°4 
49:15 1 ” ” 898:3 
46°75 In ar » | 9260 
42:97 3 3 a3) bn. 969'6 
40°73 1 % 3 995-4 
39°65 il Navies , 34008'9 
38°27 2n nt 4 023°8 
3751 1 Zz 7 032°6 
36°54 2 " 98 043°9 
36°25 ] 5 % 047:2 
355 In 9 ” 052°6 
33°19 1 | ” o 082°9 
32°59 5 - + 089°2 
31:00 i 5 > the HOB? 
29°33 1 1 wigs 3 gelato 
28°77 2 | ae » | 1342 
28°30 2 MP bee Prem reciist hry 
25°70 2n - He 170-1 
25°14 3) i “a 176°6 
24-05 2n Bs iy fie BOS 
22°68 Zr A 3 205-4 
21:70 2 nA » | .216°8 
21°05 In pa Ph 224-4 
20°44 1 is » | 281°6 
19°91 1 egal 237°8 
17:90 2 art ory 261°4 
17:50 1 ; a 26671 
liyeaiis if all eae 270°5 
16°55 In . a9 277:2 
14°5 1b A a 301 
12°82 1 Mate 321°2 
12°10 1 cabal : 329°6 
11:42 1 ees 337°6 
1071 2 a 3 346°0 
10:31 2 ty of 3507 
08°41 1 Is ll 3731 
06-05 In EY 4 401:0 
04°36 1 s a 4211 
03°24 1 ne i 434-2 
2899°81 2 a i 4751 
99°62 i en » | 478°5 
99:03 6 ae » | 484-4 
98°40 1 o ms 4918 
97:19 1 % . 5063 
96°81 4 oy elo 510°8 
95°24 1 mele Se 529°5 
95°25 1 3 “a 565:2 
91:87 2 “ a 569-7 
91°35 2 7 a) Pebese. 
891 1b s * 603 
87:40 3 a » «| 6232 
86°62 1 = 2 632°6 
86:3 In 636 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Reduction to BR, 
Wave-length| Intensity Vacuum S RS 
(Exner and and Wave-length (Lohse) St SiS 
Haschek) | Character wh 1 Pe 
a = (e) fy — 
2885°15 3 0-91 | 10:0 | 346501 
84°38 3 y 4 659°4 
82°61 1 ” sf 680°7 
82°15 ] a A 686 6 
81:24 I As “a 697°3 
79°65 1 a a 716-4 
79°30 1 Fe 3 720°7 
76°51 1 a . 1543 
75°73 1 4 f 763°8 
71:83 1 ee yl ako! 810°9 
70°95 1 Ms s 821°6 
705% 3 - Me 8269 
70:04 1 S FA 832°6 
68°73 1 E es 848:5 
64:74 1 5 5 8971 
62°66 In 4 a! 999-4 
61°48 3 5 3 936°8 
57:57 ] f i 984:6 
55°97 1 i 4 | 35004°3 
55°00 1 . ns 016:2 
54:22 1 , : 025°6 
B60 y i A 0456 
51-4 In f £ 060 
61°35 2 061:0 
48:1 In . 10:2 101 
47:45 af a t 108'9 
45°98 1 i a 197°1 
42-90 2 ‘ 5 165°1 
41:25 1 a Fs 185°6 
40°25 1 %. P 1979 
39°33 1] Fe a 209°3 
37°40 5 a 233°3 
36°14 1 = a 249-0 
34°57 2 : a 268°5 
53:46 1 Pe . 282°3 
32:48 4 a Fi 294:5 
30°54 iL a 53 3185 
30°02 1 % a BQh:2 
28:10 1 of ; 349°2 
27:90 1 aa FA 3517 
26°95 2 5 A 363°9 
24:78 3 2 f 590°8 
23°70 In s 10:3 404-2 
23°50 1M? be 3 409:2 
=a ay wid)|o on tae ats 
22°14 1 ae is 425'8 
21°75 1 2) a 4287 
20°46 1 is a 444-9 
19°41 2 iH 3 458'1 
16-18 1 : 3 498°8 
14°71 1 Pr - 519°3 
14-44 1 a ‘ 520°7 
11-49 1 z “ 558-0 
09-08 2 by E- 588:5 
07:40 2 rh 609°8 


170 REPORT—1902. 


THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


| Reduction to 

Wave-length| Intensity | Vacuum 
(Exner and and : = 
Haschek) | Character Wave-length (Lohse) | 


Oscillation 
Frequency 
in Vacuo 


2803'52 
00°69 

2799°22 
98°80 
97-17 
94:39 
91:55 
91:16 
90°53 
88°80 
87:79 
87-25 
87-02 
86°40 
85°71 
85:09 
84°48 
84:20 
83°64 
83°18 
80°85 
80°58 
78°85 
77:94 
76°98 
75:22 
75:00 
74°61 
71°63 
70°95 
68:97 
65:97 
65°24 
64:76 
63°73 
61:7 
60°83 
60°52 
59°93 
57°30 
52°30 
49°8 
49°67 
48°93 
47°98 
47-77 
47°29 
44°] 
43°20 
38-43 
37°52 
36°53 
355 


RSPR Na Ta a ee 


eSB 


*% 


ed ee en ee 


bot 


OS) 


BB 


6B 


6 


om 


et eee ie en Oe on 


o 


* Double. 


w 
or 
lorry 
© Or 
[Si aye) 
ee 
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THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


—EEEEE——— ETE Re 


Reduction to BE, 
Wave-length| Intensity Vecnpm 85 8 
(Exner and and Wave-length (Lohse) Tray 7 als Eat 
Haschek) | Character ae Beg 
A+ r Ofm:n 
2734-48 2 | O91 | 10°6 | 36559-4 
32°88 3 | » ” | 580°8 
31°62 2 ” ” 597-7 
30°36 2 ” | ’ 614°6 
29°40 3 | 9 9 627-5 
27:6 In ” ” 652 
27-4 ln ” ” 654 
26°53 1 or 10-7 665°9 
25°5 In ” ” 688°5 
23°43 1 ” ” T07'7 
22°46 2 ” ” 7207 
21°81 3 ” ” 729°6 
21°46 1 ” ” 7343 
20-02 1 hy Se ‘ 7537 
19°57 1 enees ” 762°5 
16°36 2 | ” ” 803-2 
15:20 1 ase hess 819-0 
14°75 1 ” ” 825:1 
11:59 1 ” ” 868-0 
10°1 In ” ” 888 
08:36 4 Wess - 912-0 
04:05 3 Nuerss ” 970°8 
01°95 1 ” 10°8 | 37009°5 
00°9 1b ” ” 014 
2698°84 1 ” ” 04271 
97°67 1 ” A 058°2 
96°94 1 hs ; 068°3 
95°93 1 ” ” | 08271 
95°65 3 | ” ” 036:0 
95°31 2 co Fa 090°6 
94°10 3 ” ” 107°4 
92°50 3 7 “0 129-4 
91:29 1 on o) 146:0 
88:42 1 ef a 185°8 
87°22 3 a ay 202-2 
86:77 6 ” ” 209-1 
84°43 3 ” ” 240°9 
81:09 3 “ ”» 287°5 
79:07 1 ape | 10:9 3155 
78:2 1b 8 A 328 
167 1b = rf 348°5 
75°80 1 oi pond Nened I 
73°17 2 eer! Sal ett; 389°5 
71:7 1b eee ane 418 
68:05 1 ers AQ 469°6 
67:00 2 > Sy 484-4 
62:95 1 . i 541-4 
62°46 1 al 548-3 
61°50 1 re - 5619 
60:0 In is - 583 
58:77 1 rf A 600°4 
52:22 al A 11:0 693°3 
50°71 2 Be? ” ” 714:7 
50:00 1 ” ” 7248 
49°62 1 % 4 725-4 


172 


| Wave-length 
(Exner and 
Haschek) 


REPORT—-1902. 


THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


Intensity 
and 
Character 


Wave-length (Lohse) 


2597741 
97°16 
95°16 
92°92 
89-17 
86°24 
83°48 
80°85 
80°48 
79°56 
76:44 
74:60 
71°72 
67°92 
66°70 
65°70 
64°50 
62:04 
61:13 
59°26 
55°31 
54°80 
51:41 
50°8 
50°12 
49°66 
49°21 
48°24 
48:01 
45°80 


a el Ol I ll el el eel On ole) 


Ag? 


Oe BO hh ts te 


He et et et oD 0 Go 0 OT 


6 


Leal Seal 0 ll ell rel el 


Reduction to 
Vacuum 
pe 
A 
0:91 | 11:0 
” ” 
s° ” 
bh) / ” 
” | hy 
9 ' ” 
” ” 
” | ” 
| ” 
” | ” 
” ” 
” ” 
As 11-1 
” ” 
” ” 
” ” 
” 29 
” ” 
” ” 
” ” 
» | 11°2 
” | ” 
” } ” 
” ” 
” ” 
” ” 
” ” 
” } ” 
” | ” 
o* | ” 
d9 | ” 
” | ” 
p28) LS 
” ” 
” ” 
” ” 
” | ” 
” | ” 
xe) | Le 
” | ” 
” ” 
” ” 
” %° 
” ” 
” | ” 
” ” 
”? | ” 
” | ” 
” | ” 
” ” 
115 


Oscillation 
Frequency 
in Vacuo 
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(Exner and 
Haschek) 


25456°20 
42:70 
42:00 
36°83 
36°65 
35°96 
34°45 
33:73 
32°56 
30:06 
29°63 
28°45. 
26:02 
21:9 
20°77 
20:26 
16°56 
14:40 
12°81 
11:35 
10:09 
08:02 
05:71 
04-39 
03:00 
01:21 

2498-49 
97°69 
97°35 
95:47 
94°74 
89°72 
TT07 
7541 
74:09 
70°74 
68:27 
67-75 
66°27 
63°30 
61:99 
61°38 
59-08 
58°87 
56:94 
56°41 
50°91 
45°64 
41°38 
39°39 
37°65 
32°97 
31°82 
31:23 
28°89 
28°06 


‘Wave-length | 


THORIUM (ULTRA-VIOLET SPARK SPECTRUM)—continued. 


and 
Character | 


PUN PWR RE RO 


oF 


ae Oe ot ll lle 


a 


COR RNR HE ROR RP RR RP HB RP RAR DRE RD era 


Hp 
=] 


=] 


Be? 


| 


Intensity | 


Wave-length (Lohse) 


Reduction to 
Vacuum 


Oscillation 
Frequency 
in Vacuo 


| 393168 
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THORIUM (ULTRA-VIOLET SPARK SPHCTRUM)—continued. 


Wave-length 
(Exner and 
Haschek) 


Intensity 
and 
Character 


co 


i=} 


Ll al el el I el el lS el ll oe el OL el oe ld CO eC oo lor ll MICE | 


Wave-length (Lohse) 


Reduction to 


Vacuum 

re tae 
A 

OO | T1222 

” ” 

” ” 

a 12°3 

” ” 

3 12°4 

” ” 

” ” 

” ” 

” ” 

*y 12°65 

” ” 

” ” 
” ” 


Oscillation 
Frequency 
in Vacuo 
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The Nature of Alloys.—Report of the Committee consisting of Mr. F. H. 
NEVILLE (Chairman and Secretary), Mr. C. T. Hrycock, and 
Mr. E. H. GRirrFirus. 


THE research for which this Committee was formed is completed, and a 
summary of the results has been published in the ‘Proceedings of the 
Royal Society,’ vol. lxix., p. 320. A copy of this paper has been sent to 
the Secretary of the British Association. 

The work consists in a study of the chemical compounds and solid 
solutions to be found in alloys composed of copper and tin. 

At least three series of solid solutions are formed during the solidifica- 
tion of these alloys. 

The first series, which may be called Alpha, consists of crystals, 
isomorphous with pure copper, and varying in composition from pure 
copper to an alloy containing about 9 per cent. by weight of tin. These 
alloys solidify to a uniform mass, and apparently remain unchanged at all 
lower temperatures. 

The second series, which may be called Beta, contains percentages 
of tin varying from 22°5 per cent. to 32 per cent. Alloys between 9 per 
cent. and 22°5 per cent. of tin solidify as a complex of crystals of Alpha 
and of Beta. But all the alloys from 9 per cent. to 32 per cent. of tin 
undergo important re-crystallisations after they have wholly solidified, 
and their final condition below 500° C. is that of a complex of Alpha and 
a crystalline body which is probably Cu,Sn. 

Alloys from 32 per cent. of tin to 57 per cent. begin to solidify by the 
formation of a third type of crystalline solid solutions, which may be called 
Gamma. But the Gamma crystals break up at lower temperatures into a 
complex of crystals of the body Cu,Sn and another substance. The alloy 
of the formula Cu,Sn is apparently a solid solution when first solidified, 
and is not converted into the compound until a lower temperature is 
reached. 

Gamma crystals containing more than 41 per cent. of tin have the 
peculiarity that, in cooling, they break up into solid Cu,Sn and a liquid. 
Between 57 per cent. of tin and 93 per cent., the first solid that forms 
when the liquid alloy begins to solidify consists of crystals of Cu,Sn ; but 
when the temperature falls to 400° C. these crystals become unstable, and 
a reaction takes place between them and the liquid, which results in their 
partial transformation into a body that is nearly, or quite, pure CuSn. 
Between 93 per cent. and 99 per cent. of tin the substance CuSn is the 
first body formed during solidification. Between 99 per cent. and 
100 per cent. tin appears to crystailise first. 

Assuming the alloys to have been cooled with sufficient slowness, we 
may summarise their condition at ordinary temperatures as follows :— 


0 to 9 per cent. of tin. 

A uniform solid solution (Alpha) of copper containing tin, or, more 
probably, containing a compound, in solution. 

9 to 25°5 per cent. of tin. 


A complex of large crystals of Alpha in a minute eutectic of Alpha 
and Cu,Sn. 
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25-5 to 32 per cent. of tin. 

The same complex, but containing the Cu,Sn in the larger crystals, 
and the Alpha only in the minute eutectic. At 32 per cent. the alloy is 
pure Cu,Sn. 

32 to 38°5 per cent. of tin. 

A complex of Cu,Sn and Cu,Sn, or of two solid solutions of these 
substances. At 38°5 per cent. the alloy is pure Cu;Sn. 

38°5 to 93 per cent. of tin. 

Large crystalline plates of Cu,Sn coated with a body that is almost 
pure CuSn, the whole being immersed in a eutectic of this body and tin. 

93 to 99 per cent. of tin. 

Large crystals of CuSn in a eutectic of this body and tin. 


99 to 100 per cent. of tin. 
Large crystals of tin in the same eutectic. 


Isomeric Naphthalene Derivatives.—Report of the Convmittee, consisting 
of Professor W. A. TILDEN (Chairman), and Dr. H, KE. ARMSTRONG 
(Secretary). (Drawn wp by the Secretary.) 


Since the last report was written, the behaviour has been studied of the 
two tri-bromo-(j-naphthols, Nos. 1 and 2, at the ordinary temperature, 
towards an excess of bromine in presence of aluminium bromide. Each 
has given two penta-bromo-/3-naphthols, the structure of which at once 
follows from the nature of the quinones derived from them, and the 
behaviour of the latter on oxidation. The results obtained can only be 
explained by assuming that the tri-bromo--naphthol, No. 2, which was 
provisionally represented as 


(Br?) Br 
OH 


Br 
is in reality 
Br 
OH 


Br 
Br 


It follows, therefore, that the new di-bromophthalic acid (m.p. 195-196°, 
anhydride, 147°-5) derived from this tri-bromo-G-naphthol by oxida- 
tion, is a 3:4 di-bromophthalic acid. 

The following scheme illustrates the results obtained : 


ON ISOMERIC NAPHTHALENE DERIVATIVES. ria 
Br Br Br O Br 
| ee prine ral ie 
= —d 
9 9 } | 
: Ea oe SRS eae pe 
r ‘a r 
Br yas Flessa’s penta-bromo- Tetra-bromo quinone, Tri-bromophthalic 
B-naphthol, m.p, 243° ; m.p. 214°, acid, m.p. 210° ; anhy- 
ae acetute, m.p. 209°, dride, m.p. 178°, 
Br. 
R7\/ Ps, Br Br 0 Br 
Br ig ae ne ig ae ee ef Mis 
an i Bri?) B 
Pye AL. ) Br mw r(?) agi Bi 
r r r 
New penta-bromo-s-naphthol, Penta-bromo-f-naphtha Tetra-bromophthalia 
m.p. 250°; acetute, m.p. 201- quinone, m.p. 237°. acid, m.p. 265-266° ; 
202°, slender needles. anhydride, m.p, 269°, 


The nature of the two penta-bromo-8-naphthols obtained as ultimate 
products on brominating 1 : 3 : 6-tri-bromo-8-naphthol is established by 
the fact that they are both formed on brominating 1:3 : 4: 6-tetra- 
bromo-2-naphthol (m.p. 172°), and the following considerations :— 


) 
Br’ \“ \ow Gat No Br’ \CO,H 
aM me at} be sh pi Joo.x 


r 
Br Br Penta-bromo- Tetra-bromo- Di-bromo- 
VA ENS B-naphthol, m.p. f$-naphtha quinone, phthalic acid 
dt ve a | | bee 205°-206° ; acetate, m.p. 209°, : (Briick *), 
m.p. 203°. 
A RS ea. Br Br 0 Br 
Be ~ “\/\on ON No “Noo H 
Tri-bromo-g-naphthol, Tetresbenne fe E | | | ty | | | 2 
m.p. 155°, naphthol, m.p. . Br | B | 
EN AK ye Tit pe Br /00.H 
br Br Br Br r 
Penta-bromo-8-naphthol, Penta-bromo Tri-bromo- 
m.p. 225°; acetate, quinone, m.p, 212°, phthalic acid, 
m.p, 216°, m.p. 210°. 


Flessa has previously * described the penta-bromo-naphthol melting 
at 243° as melting at 237°, and the derived tetra-bromo-8-naphtha 
quinone (m.p. 214°) as melting at 164° ; but his quinone separated from 
all solvents only in ‘crystalline granules,’ whereas the substance melting 
at 214° forms magnificent flattened needles. Flessa’s tri-bromophthalic 
acid melted at 191° and the anhydride at 157° ; whereas the acid from the 
quinone melting at 214° melts at 210°, and its anhydride at 178°. The 
structure of this acid, which has not hitherto been established, follows 
from the results represented in the above schemes; it is 3:4: 6 ¢tri- 
bromophthalic acid. 

It is of great interest that whereas two of the penta-bromo- 
A-naphthols give tetra-bromo-(-naptha quinones in the normal manner, 
when the bromo-nitro-keto compounds are decomposed by boiling with 
giacial acetic acid, two, viz.— 


Br Br 
OH Br OH 
and 
Br Br Br Br(?) 
et tik DE Br 
‘ Briick, Ber., 1901, 2741; acid, m.p, 211-213°; anhydride, m.p. 212-213°; 
monomethy] salt, m.p. 81°, * Ber., 17, 1479. 
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give penta-bromo-3-naphtha quinones under similar conditions ; in these 
cases position 8 is unoccupied, and a transference of bromine takes place 
from position I, e.7., 


<< 


H Br_NO, Br H\/NO, Br O 
Br O Br O Br O 
A > 
Br Br Br 
Br Br Br 


That a direct transference of bromine is effected, and that the product 
is not formed by bromination of a tetra-bromo quinone formed in the 
first instance, is proved by two facts: (1) that nearly a theoretical 
amount is obtained, showing that none of the bromine can be eliminated 
as hydrogen bromide ; (2) that the crude product is pure, showing the 
entire absence of a tetra-bromo quinone. It is to be supposed that 
if rebromination were to occur, a mixture of tetra-bromo and penta- 
bromo quinones would be formed, as a mixture of 6-bromo and 
4 : 6-dibromo-£-naphtha quinones is obtained on decomposing the nitro- 
keto compound of | : 6-di-bromo-/-naphthol. 

Such a transference of bromine occurs only in the case of the penta- 
bromo-naphthols, and has not been observed in the case of lower 
brominated naphthols, in which position 8 is unoccupied. It should be 
noted that whilst this position is free in 


Br 
Br OH 


Br Br 
Br 


the bromine atom in position 7 apparently prevents the transference of 
bromine into position 8, although in the case of 


Br 
Br OH 


Br Br (2) 
Br 


the presence of a bromine atom in position 7 does not prevent the forma- 
tion of a penta-bromo quinone. 

The properties of 3 : 6-di-bromo-@-naphtha quinone have been more 
fully studied during the year. This substance is remarkable inasmuch as 
it is far more unstable than any of the other brominated quinones. When 
kept in the dry state for several months it is transformed by atmospheric 
oxidation into 3 : 6-di-bromo-2-hydroxy-1 : 4-naphtha quinone, 
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O — O — O 
O | O OH 
—> —_——> 
Bron Ay Br . Br Br Br Br 
OH = O 


When its solution in ethylic acetate is exposed to light and air for 
several days another remarkable change occurs, the quinone being trans- 
formed into a brick-red crystalline substance, insoluble in all solvents, 
which has the composition, C,,H,Br;0, (C= 43-55, H = 1:28, Br = 43-54, 
O=11°61; found, C = 43°33, H= 1:74, Br= 43-07, O= 11-36 per 
cent. ). 

Tigking into account the fact that the bromine atom in position 3 of 
the quinone is very easily removed from the nucleus, as in the produc- 


tion of 

O 

OH 
Br 
NPh 

O 

O 
Br 


NHPh 
—by the action of aniline ; and also the reactivity of the hydrogen in posi- 


tion 4 (oxidation by atmospheric oxygen), it may be supposed that the 
condensation product is a di-naphthy] di-quinone, 


O 
O 
Br O 
Br —f{ »O 
Kise) 
Br 


The behaviour of 3 : 6-di-bromo-/3-naphtha quinone under the influence 
of light and various solvents, and under the action of alkalis, is being 
investigated. 


—isodynamic form of 


NZ 
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Isomorphous Sulphonic Derivatives of Benzene.—Third Report of the 
Committee, consisting of Professor H. A. Miers (Chairman), Dr. 
H. HE. Armstrone (Secretary), Dr. W. P. Wynne, and Mr. W. J. 
Pore. (Drawn up by the Secretary.) 


TuE crystallographic study of the 1:3:5 series, the second of the three 
series of sulphonic chlorides and bromides to be derived from the 1 : 3- 
dichloro-, chlorobromo- and dibromo-benzenes examined thus far, has been 
practically completed by Dr. Jee during the past year. The results are 
even more striking than those obtained in the case of the 1: 3:4 series, 
as there is evidence that the compounds constitute not merely an isotri- 
morphous group, as in the latter case, but an isotetramorphous group, as 
shown in the following table :— 


Orientation 


Crystallographic Systems 


1 8 | 5 | Anorthic Monosym Monosym Anorthic 
1 Cl Cl | SO,Br Stable Stable = — 
| 2 Cl Br | SO,Br -— Stable —_— — 
3 Br Br | 8O,Br — Stable Labile “= 
4 Br Br | 80,01 ~- -— Stable a 
5 Be Cl | SO,Cl — _— Stable _- 
6 Cl Cl | SO,Cl — — _ Stable 
| a-series B-series *y-series 5-series 


In this series the dibromobenzenesulphobromide has again been the 
means of formulating the relationships. between the various terms, having 
been obtained in two distinct polymorphic forms. But in comparison 
with the 1:3:4 series the order of stability is reversed, the transition 
temperature becoming lower in passing down the series. 

It is proposed to submit an account of the results obtained in the 
cease of the 1 :4:2(S0,H), 1:3:4(80,H), and 1:3:5(SO,H) series to 
the Royal Society in the autumn. 

The third series of the 1 : 3 derivatives, in which the sulphonic group 
is between the halogens, has yet to be examined. Very great difficulty 
has been experienced in preparing the necessary material, but methods 
have now been devised which promise success. Thus diorthobromo- 
benzenesulphonic acid has been prepared from diorthobromaniline by 
Gattermann’s sulphinic-acid method. Unfortunately, the corresponding 
dichlor- and chlorobromaniline are not at present available, and therefore 
other methods of preparing the dichlor- and chlorobrom acid need to be 
devised. Apparently these will be obtainable from the dimeta-derivatives 
of aniline. 

A complete series of 1 :2:4(SO,H) derivatives has been prepared, 
and their crystallographic study will now be undertaken. To complete 
the investigation, so that it shall comprise all the series derivable from 
the dichloro-, dibromo- and chlorobromo-benzenes, only the 1:2:3 
(SO;H) series has to be prepared. This, again, is a matter of considerable 
difficulty, requiring special investigation, 
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Progress has been made in extending the investigation to the com- 
parison of the effect produced by homologous hydrocarbon radicles, and 
also in contrasting corresponding sulphur and oxygen compounds. 


Our Present Knowledge of Aromatic Diazo-compounds. 
By Gitgert THomas Moraan, D.Se., PLC. 


[Ordered by the General Committee to be printed in extenso. | 


THE aromatic diazo-compounds, which were originally discovered by the 
classical investigations of Griess,! have proved to be substances of the 
utmost value in the development of synthetical chemistry, both from the 
scientific and the industrial standpoints. The starting-point of these far- 
reaching researches was a comparative study of asparagine and picramic 
acid. These substances, which in 1858 were assumed to be compounds 
of a similar type, behaved quite differently towards nitrous acid, asparagine 
losing the whole of its nitrogen, whilst picramic acid exchanged three of 
its hydrogen atoms for one of nitrogen, giving rise to the earliest 
known diazo-compound—namely, dinitrophenoldiazo-oxide. 

It is interesting to notice at this stage that, although the elimination 
of aminic nitrogen by the action of nitrous acid is characteristic not 
only of asparagine but also of the majority of aliphatic amino-compounds, 
yet the preparation of aliphatic diazo-derivatives has been accomplished, 
and the new field opened up by the discovery of ethyl-diazo-acetate * has 
yielded a rich harvest culminating in the isolation of hydrazine, hydrazoic 
acid, and diazo-methane. These important contributions to the chemistry 
of nitrogen will not, however, be further discussed in this report, which is 
restricted to a consideration of the aromatic diazo-compounds, a class of 
substances derived from the hydrocarbons of coal tar. 

The action of nitrous acid on picramic acid is now interpreted in the 
following manner, 

OH HO : ee 
cH : | = (NO2),CgHs¢ | + 2H,0, 
NH, O:N Ny 


(NO,)20 


the product being regarded either as the internal salt or the cso-anhydride 
of dinitrophenoldiazo-hydroxide (NO,),C,;H.(OH)N.OH. * 

Griess next extended the investigation to aniline, with the result that 
diazoaminobenzene was produced, 


— C,;H,NH.N,C,H; + 2H,0, 


1 Annalen, 1868, 106, 123 ; 1860, 163, 201 ; 1866, 137, 39; 
2 Curtius, Ber., 1888, 16, 2230. 
8 Hentzsch, Bev., 1896, 29, 1526, 
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and a subsequent modification of the experimental conditions led to the 
discovery of benzenediazonium nitrate, 


(i EF HO 
van | Z 
LOPS Ia 2H,0. 
CoH; N——' H, + OWN Pe. \wo, ae 


These three substances, the eso-anhydride, the diazoamine, and the 
diazonium salt, each containing a diazo-complex, N,, attached to one 
aromatic nucleus, are typical examples of three important classes of 
aromatic diazo-compounds. 

The process of converting the salt of a primary aromatic amine into 
the corresponding diazonium derivative is termed diazotisation, and this 
important operation may be suitably considered under a separate heading. 


I. The Preparation and Practical Application of Diaxo-compounds. 
A. The Diazo-reaction. 


Benzenediazonium nitrate, the substance formed by the action of 
hitrous fumes ona cold aqueous solution of aniline nitrate, was found 
to be a highly explosive salt readily soluble in water or alcohol. On 
account of these properties the isolation of the salt and the corresponding 
chloride and sulphate is a somewhat difficult and dangerous operation, 
and for many years the properties of these substances were studied in 
the solutions obtained by the action of the alkali nitrites on the 
primary aromatic base dissolved in excess of cold dilute acid. It has 
been found by colorimetric and electrelytic determinations of the velocity 
of this reaction that, in the absence of disturbing influences, all the 
aromatic amines are diazotised at approximately the same rate.! 

It is however sometimes necessary to operate with the dry diazonium 
salts, and these may be prepared by the action of amy] nitrite on solutions 
of the salts of the amines in absolute alcohol,” or glacial acetic acid. 

Excess of acid should be avoided in these preparations, for the 
diazonium chlorides derived from the halogen-substituted anilines combine 
with hydrogen chloride, forming acid salts of the types RNC], HCl and 
3RN,Cl, HCl,* these products being less stable than the normal salts 
themselves. 

_ Bamberger showed that pure benzenediazonium chloride, when 
dissolved in water, gives a neutral reaction: and differs in this respect 
from aniline hydrochloride, the solution of which is acid, owing to the 
hydrolytic dissociation of the salt. This result indicates that the strength 
of the diazonium base is much greater than that of the corresponding 
primary aromatic amine. 

Griess found that the introduction of a diazonium salt into the 
alkaline solution of a phenol resulted in the formation of an intensely 


1 Hantzsch and Schiimann, Ber., 1899, 32, 1691 ; 1900, 88, 527. 

? Knoevenagel, Ber., 1890, 28, 2094; Bamberger, Ber, 1896, 29, 446. 
® Hantzsch, Ber, 1897, 80, 92; 1901, 34, 3337, 

4 Ber., 1897, 30, 1148 and 1153. 
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coloured substance containing the diazo-complex N:N, attached to 
a second aromatic nucleus, 


C,H;N.Cl+HC,H,OH = C,H,N..C;H,OH+HCL. 


These products, which are called azo-compounds, are also produced 
either by the reduction and coalescence of two molecules of a_nitro- 
compound, or by the condensation of the nitroso-compounds with the 
primary amines.' 

On account of their condensation to form azo-compounds and their 
ready reduction to hydrazines, the diazonium salts were for many years 
assumed to have the constitution R.N:N.Cl, a formula which was 
suggested by Kekulé, although Strecker, Erlenmeyer, and Blomstrand had 
at different times advocated the claims of the symbol 


R.N.Cl. 
N 


According to the former view, which generally prevailed until 1894, 
the diazonium bases are substances of the oxime type RN : NOH, and 
this formula, which satisfactorily accounts for the fact, first noticed by 
Griess, that benzenediazonium hydroxide forms a potassium derivative, is 
not opposed to the general behaviour of these bases and their salts when 
employed in the various synthetical operations which engrossed the 
attention of investigators in this field until the close of the period now 
under review. 

The synthetical application of the diazonium salts will be considered 
in the next section, since it does not necessarily involve any discussion as 
to their precise configuration. 


B. Diazo-compounds as Agents in Chemical Synthesis. 


1. Replacement of NH, by Cl, Br, I, CN, CNO, or CNS.— 
Griess’s researches on the production of the halogen derivatives of the 
aromatic hydrocarbons are now only of historical interest, since the methods 
commonly employed at the present time are due to Sandmeyer” and to 
Gattermann.? The latter of these investigators also extended the scope 
of this synthetical process by demonstrating that the cyano (CNO) and 
thiocyano (CNS) radicles could also be introduced into the aromatic 
nucleus by the use of the appropriate diazonium salt. 

The course of the reaction between diazonium derivatives and cuprous 
salts (Sandmeyer) or copper powder (Gattermann) has been recently 
reviewed by Hantzsch,! whose conclusions may be summarised as 
follows :— 

The course of the Sandmeyer reaction is not a simple one, and the 
final result is due to the simultaneous effect of three concurrent actions : 
(i) the formation of a labile diazonium cuprous double salt, which sub- 
sequently undergoes decomposition in such a manner that the radicle 
originally attached to copper migrates to the aromatic nucleus ; (ii) a 
catalytic action, which becomes the main reaction when copper powder is 
employed, whereby nitrogen is eliminated from the diazo-salt, so that the 


1 ©. Mills, Zrans., 1895, 67, 925. 2 Ber., 1884, 17, 2650. 
3 Ber., 1890, 23, 1218; 1892, 25, 1074. 4 Ber., 1900, 88, 2544. 
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acid radicle becomes directly attached to the aromatic nucleus ; (iii) the 
formation of azo-compounds, which is accompanied by the oxidation of 
the cuprous salt to the cupric condition. 

The concurrent effect of the first two reactions was demonstrated by 
subjecting dry p-bromobenzenediazonium bromide to the action of cuprous 
chloride dissolved in methyl sulphide. The product consisted chiefly of 
p-bromochlorobenzene mixed with a little »-dibromobenzene. 


(i) 2BrC,;H,N.Br+Cu,Cl,=Cu,Br. + 2N,+2C,H,ClBr. 
(i) BrC;H,N,Br = N,+ C,H,Bry. 


Cuprous bromide and p-bromobenzenediazonium chloride yielded 
p-dibromobenzene containing a little p-bromochlorobenzene. In both 
cases the first reaction predominates, and it may, under certain conditions, 
prevail to the almost complete exclusion of the second. Cuprous iodide, 
for example, gave rise to iodo-derivatives only, with various diazonium 
chlorides and bromides, and on the other hand the interaction of cuprous 
chloride and benzenediazonium iodide furnished chlorobenzene unaccom- 
panied by iodobenzene. 

2. Replacement of NH, by NO .—The introduction of nitroxyl through 
the agency of the diazonium salt was first indicated by Sandmeyer, and 
further exemplified by Hantzsch (/oc. cit.) in the following experiments :— 


(i) The crystalline double salt Hg(NO,),, 2C;H;N,.NO; (melting-point 
76°), obtained by mixing solutions of benzenediazonium nitrate and potas- 
sium mercuric nitrite, decomposes on boiling with water yielding phenol and 
nitrophenol, but when treated with copper powder it furnishes a quanti- 
tative yield of nitrobenzene. (ii) The diazonium sulphates, when mixed 
with a freshly prepared suspension of cupro-cupric sulphate and treated 
with excess of an alkali nitrite, give rise to the corresponding nitro- 
derivatives ; 2: 4: 6-tribromobenzenediazonium sulphate, for example, 
gives a 65 per cent. yield of l-nitro-2 : 4 : 6-tribromobenzene. 

/-nitronaphthalene, a substance prepared with considerable difficulty 
by other processes, is produced from /3-naphthylamine to the extent of 
25 per cent. by this method, whereas Sandmeyer, who employed cuprous 
oxide and the diazonium nitrite, obtained only 7 per cent.! 


3. Formation of Conjugated Systems R.R or k.N : N.R.—The third 
reaction signalised by Hantzsch may be rendered more apparent by 
reversing the usual order of mixing and adding the cuprous chloride 
dissolved in hydrochloric acid to the cold solution of the diazonium salt. 
Under these conditions, aniline, o-chloroaniline and the o- and p-toluidines 
give rise to appreciable quantities of azo-compounds. The nitrated 
amines, however, behave very differently, yielding diphenyl-derivatives, 
this result being obtained with tbe three nitranilines, o-nitro-p-chloro- 
aniline and o-nitroaniline-p-sulphonic acid. 


2NO,C,H,N,Cl+Cu,Cl, = NO,C,H,.C,H,NO,+N,+2CuCl. ? 


This type of condensation is also brought about by the use of cuprous 
oxide in ammoniacal or hydroxylamine solution.* 

4. Introduction of the Sulphonic Radicle SO,;H.—The replacement 
of NH, by SH was first accomplished by Leuckart,4 who treated the 

1 Ber., 1887, 20, 1497. 


2 Ullmann and Forgan, Ber., 1901, 34, 3802; Niementowski, ibid., 3325. 
3 Annalen, 1902, 320, 122. 4 Journ. prakt., Chem, [2], 41, 218. 
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diazonium salt with an alkali xanthate and hydrolysed the resulting 
aromatic xanthate, thus obtaining either the thiophenol or the disulphide 
produced by oxidation. Either of these products yields the correspond- 
ing sulphonic acid on treatment with alkaline permanganate solution.! 

The production of sulphinic acids by the direct action of sulphurous 
acid on diazonium salts appears to have been first observed by Miiller and 
Wiesinger.? A simple process, due to Gattermann,* was accidentally 
discovered during an investigation of o-methoxybenzenediazonium chloride, 
when it was found that this salt on treatment with sulphurous acid yielded 
a diazonium sulphite which, on mixing with copper powder, evolved 
nitrogen giving rise to the corresponding sulphinic acid, this product 
being subsequently oxidised by means of permanganate solution. 

In general, the reaction takes place most readily with the diazonium 
sulphate, a cold solution of this salt in a large excess of dilute sulphuric 
acid being saturated with sulphur dioxide and finally treated with copper 
powder, 


RN,HSO, > RN,SO,H > N,+RSO,H. 


In the case of the diazotised naphthylamines it is better to add their 
solutions to the mixture of reduced copper and sulphurous acid. 

These processes for the production of sulphonic acids have not, how- 
ever, been successfully applied to the diazonium salts derived from the 
nitrated aromatic amines. 

5. Replacement of the Diazo-radicle by Hydrogen.—The method 
originally employed for the elimination of the diazo-radicle consisted in 
boiling the diazonium chloride with absolute alcohol ; this operation does 
not, however, invariably give the required result, and Hantzsch* has 
accumulated evidence in support of the view that the normal decomposi- 
tion of a diazonium salt by an alcohol leads to the production of an alkyl 
phenoxide. Benzenediazonium chloride or sulphate when boiled with 
methyl alcohol yields anisole unaccompanied by benzene. Increase in 
the molecular weight of the alcohol or the accumulation of negative 
substituents in the aromatic nucleus diminishes the yield of ether and 
augments that of the hydrocarbon. The benzenediazonium salts, when 
treated with ethyl alcohol, yield phenetole and a trace of benzene ; their 
chloro- and bromo-derivatives, when boiled with this reagent, give 
halogenated benzenes but no substituted ethers, whereas methyl alcohol 
converts them into mixtures consisting chiefly of the substituted phenoxide 
and a small quantity of the halogenated hydrocarbon. Numerous 
examples of this reaction will be found in the work of Remsen and his 
pupils.°® 

In the case of diphenyltetrazonium chloride the elimination of the 
diazonium radicle takes place in two stages, 


CIN,.C,H,.C,H,N,Cl > O,H;.C,H,N,Cl > C,H;.C,H>. 


The reversion to the parent hydrocarbon is more readily effected by 
the process introduced by Baeyer and Pfitzinger,? which consists in 
reducing the diazonium salt to the hydrazine with stannous chloride, and 


1 ¥. Bayer & Co., D.R-P., 70286; Wynne and Bruce, 7rans., 1898, 78, 738. 


2 Ber., 1879, 12, 1348. 3 Ber., 1899, 32, 1136. 
4 Ber, 1901, 34, 3337. 5 Amer. Chem, J., 16, 105; 19, 581, 547, 561. 


© Ber., 1898, 31, 479. 
' 7 Ber 1885, 18, 90, 786 (compare Wynne and Bruce, We. cit.). 
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subsequently removing the hydrazino-radicle NH.NH, by boiling with 
cupric sulphate solution. 

Sodium stannite has been recommended as an agent for reducing 
the diazonium salt to the hydrocarbon! : C;H;N,Cl+ NaOH+Na,SnO, 
=C0,H,+N.+Na,Sn0,+ NaCl. 

Mai has recently found that p-toluenediazonium chloride, when added 
to a strong solution of hypophosphorous acid gives rise to toluene, the 
yield being 67 per cent. Benzenediazonium chloride yields a mixture of 
benzene (two parts) and diphenyl (1 part), whilst diazotised benzidine and 
a-naphthylamine furnish diphenyl and naphthalene respectively.? 

6. Substitution of NH, by OH.—The replacement of NH, by OH, 
although an extremely important synthetical operation, can hardly be 
included amongst the modern developments of the application of diazonium 
salts, inasmuch as the process still employed, which consists in boiling the 
aqueous solution of the diazonium salt, is a legacy derived from Griess’s 
pioneering researches. 

The manufacture of the 1:4- and 1:8- a-naphtholsulphonic acids 
from the corresponding amine-compounds 


ai 
$03H.C,,H,NH, > Croll | 
SO; 
and the production of 1 : 8-dihydroxynaphthalene 3 : 6-disulphonic acid 
(chromotrope acid), may be cited as examples of the application of this 
process. 

7. Miscellaneous Substitutions.—There are several other modes of 
reaction which, although of less importance from the synthetical point of 
view, are nevertheless of interest as indicating the extremely reactive 
character of the diazonium salts. 


~> C,,H,(OH)SO,H+N,, 


(i) The amino groups in certain azo-derivatives of G-naphthylamine are 
replaced by the acetoxy-radicle when these substances are diazotised in 
warm glacial acetic acid,? and Orndorff 4 showed that this reaction may be 
generally employed in the production of aromatic acetates. 

(ii) A remarkable example of intramolecular change was noticed by 
Hantzsch in studying the chloro- and bromo-diazonium thiocyanates.* 
These salts, when dissolved in alcohol containing a trace of hydrochloric 
acid, become converted into the isomeric thiocyanobenzenediazonium 
chlorides and bromides, 


CIC,H,.N,.CNS > CNS.C,H,-N,.Cl 


This change takes place only when the halogen atom is situated in 
an ortho- or para-position with respect to the diazonium group ; transfor- 
mation does not occur in the case of m-chlorobenzenediazonium thio- 
cyanate. 

The extent to which this rearrangement is possible is best indicated 
by the limiting case, 2:4 :6-tribromobenzenediazonium sulphate in the 
presence of excess of potassium thiocyanate actually giving rise to 2 : 4: 6- 
trithiocyanobenzenediazonium thiocyanate (CNS),C,H.N,.CNS. 


’ Friedlander, Ber'., 1889, 22, 587. 2 Ber., 1902, 35, 162. 
5 Meldola and East, Zvans., 1888, 58, 460. 4 Amer. Chem. Journ., 1888, 10, 368, 
5 Ber., 1896, 29, 947 ; 1898, 31, 1253. 
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(iii) Another extremely interesting case of molecular rearrangement is 
the conversion of the bromodiazonium chlorides into the isomeric chloro- 
diazonium bromides.! 

This transformation, which has been studied quantitatively, is a mono- 
molecular change, subject to the following laws :— 


1. The bromine atoms undergo replacement only when present in the 
para- or ortho-position with respect to the diazo-radicle, those in the 
ortho-position being most readily removed. Metabromo-derivatives are 
not affected. 

2. The ease of transformation increases with the number of bromine 
atoms present. 

3. The transformation constant, calculated from the equation «= 
1/é¢ log a/(a—a), increases with the temperature, and is also influenced 
by the solvent, having its minimum value in water, and becoming greater 
as the series of alcohols is ascended. 

The diazonium salts containing two bromine atoms are stable when 
dry, but rapidly undergo conversion in ethyl alcohol ; 2 : 4 : 6-tribromo- 
benzenediazonium chloride becomes transformed even in the dry state. 


(iv) Dibenzoylhydrazines RN(COC,H;)N(COC,H;)R are obtained by 
treating diazonium salts with an aqueous suspension of benzoyl chloride 
and copper powder.’ 


C. Diazo-compounds employed in the Production of Azo-colouring Matters. 


1. Aminoazo-compounds.-—The action of adiazonium salt on a primary 
aromatic amine gives rise either to a diazoamine or an aminoazo- 
compound, according as to whether the diazo-radicle remains attached 
to the aminic nitrogen, or migrates into the aromatic nucleus. Aniline 
and its homologues and substitution products yield diazoamines, which 
are often capable of undergoing rearrangement into aminoazo-compounds, 
this change being effected either by allowing the diazoamine to remain 
in alcoholic solution or by warming it with a mixture of the parent base 
and its hydrochloride. The latter mode of transformation has been 
studied quantitatively by Goldschmidt and his pupils,’ with the following 
results :— 


The transformation of diazoaminobenzene into aminoazobenzene in 
an aniline solution containing aniline hydrochloride is a monomolecular 
reaction, the velocity of transformation, in moderately dilute solution, 
being proportional to the temperature and to the amount of catalyst 
(aniline hydrochloride) but independent of the concentration, Benzene- 
diazoamino-p-toluene, when dissolved in aniline containing its hydro- 
chloride, becomes converted into diazoaminobenzene and p-toluidine, the 
resulting diazoamine then undergoing transformation in accordance with 
the preceding rules. 

This conversion takes place more slowly when the diazo-radicle shifts 
into the ortho-position with respect to the amino-group. The trans- 
formation constant of diazoaminobenzene at 45° is 0°081, whereas the 
value of this coefficient for diazoamino-p-toluene is only 0:0095, the 
solutions employed in both cases being semi-normal. 


- } Hantzsch, Ber., 1897, 80, 2334; Journ. prakt. Chem., 27, 98; and Ber., 1900, 
, 505. 
2 Ber., 1902, 35, 1964. ; 8 Ber., 1896, 29, 13869, 1899. 
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The existence of analogous intermediate diazoamino-compounds and 
diazohydroxy-derivatives in the commercial azo-colouring matters, has been 
recently demonstrated by Vaubel.! 

Although aniline and other benzenoid primary amines give rise to 
diazoamines when treated with diazonium salts, their dialkyl derivatives 
containing a free para-position with respect to nitrogen readily furnish 
azo-compounds of the methyl-orange type. The formation of these 
colouring matters is governed by the following laws : ? 


(i) The velocity of formation of the aminoazo-compound depends only 
on the nature of the reagents and not on the concentration. 

(ii) In coupling the hydrochloride of a tertiary base with diazobenzene 
sulphonic acid, the interaction occurs between the diazo-compound and the 
base set free by the hydrolytic dissociation of its salt. 

These laws are deduced from the following facts :—The concentration 
of the hydrochloride of the base or the diazo-compound has no influence 
on the velocity of condensation. Excess of hydrochloric acid lessens the 
velocity. The formation of methyl orange or the corresponding ethylated 
colouring matter, 


Nye 
OER + | + cs C,H,NR, > HSO,.0,H,N>. C,H,NR,, 


when carried out in ne presence of different acids (e¢.g., acetic, mono-, di-, 
and tri-chloracetic acids and hydrochloric acid), takes place most rapidly 
with the weakest acid, the velocity decreasing as the aftinity constant of 
the acid increases. 


Azo-derivatives of the aromatic meta-diamines, although amongst the 
oldest of the colouring matters, are still manufactured on a Jarge scale for 
the use of the dyer. Bismarck brown, which was prepared even before 
the exact nature of the diazo-reaction had been elucidated, is still employed 
in the arts, and the precise composition of the commercial product has only 
recently been established by the researches of Tauber.* 

Chrysoidine, first introduced by Witt,‘ also maintains its position 
against the newer dyestuffs. Its homologues and substitution products 
may be readily and quantitatively prepared from any of the derivatives 
of m-phenylenediamine, providing that these substances contain at 
least one free para-position with respect to an amino-radicle. If this 
condition is not fulfilled the production of an azo-compound, although 
still possible if the diamine contains a free ortho-position with respect to 
nitrogen, is nevertheless very considerably hindered. The formation of 
azo-derivatives from symmetrically disubstituted primary m-diamines has 
been demonstrated,’ but the reaction 


7 ONE, 
- » + C,H,N.Cl + CH,CO,Na = 
x NH, 


1 Zeit. Farben. Textilchem., 1902, 1, 3. 

? Goldschmidt and Merz, Ber., 1897, 30, 670 and 2075 
3 Ber., 1897, 30, 2111, 2899; 1900, 33, 2116 

4 Ber., 1877, 10, 656. 

5 Morgan, 7’rans., 1902, 81, 86. 
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x NH, 
re YN.C.H + NaCl + CH,CO,H, 
¥ NH, 


takes place with considerable difficulty, and the yield of azo-compound is 
small ; moreover the complete alkylation of the amino-radicles altogether 
prevents this condensation.' 

In the case of the naphthylamines and their sulphonic acids, the 
formation of ortho- and para-aminoazo-compounds takes place with equal 
readiness ; 8-naphthylamine, 


ot 
ae 

reer 

idem 168 
enpa7 


however, only yields azo-derivatives when the positions 1 and 8 are 
unoccupied. The presence of substituent radicles in either of these posi- 
tions leads to the formation of diazoamines,? and there appears to be no 
tendency for the diazo-group to migrate into position 3. 

2. Hydrowyazo-compownds.—The formation of benzeneazophenol by the 
action of benzenediazonium chloride on an alkaline solution of phenol is 
a typical example of the method of preparing this important class of 
substances. Goldschmidt (loc. cit.) found that the essential reagents in 
this reaction are the diazo-hydroxide and the phenol set free by the 
hydrolysis of its alkali-derivative. Excess of alkali hinders the condensa- 
tion, the velocity of which diminishes as the concentration of the phenol 
or diazo-compound increases. 

Although at first sight the mode of formation of hydroxyazo-compounds 
seems to leave little room for doubt as to the constitution of the products, 
yet this point has, for many years, been the subject of considerable contro- 
versy. This discussion arose from the fact that certain of these hydroxyazo- 
compounds can also be prepared by condensing the aromatic hydrazines with 
quinones ; 4-benzene-azo-u-naphthol, for example, can be obtained either 
from benzenediazonium chloride and a-naphthol, or from phenylhydrazine 
and a-naphthoquinone. Similarly the corresponding 2-benzene-azo.a- 
naphthol is produced either as a by-product in the former of these reactions, 
or by theaction of phenylhydrazine on B-naphthoquinone, and thealternative 
methods of formation may be represented in the following manner :— 


(i) Azo-condensation, 


C,H;NHN'H, + 0 C,,H,0 =H,0+C,H,NHN : 0, H,0. 


Since the two reactions give rise to identically the same substance, it 


1 Trans., 1902, 81, 650. 
2 Witt, Ber., 1888, 21, 3483; Morgan 7rans., 1902, 81, 91. 
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follows that intramolecular rearrangement must have occurred during one 
or other or both of these condensations. This problem, which was for 
some years attacked by purely chemical methods,' has more recently been 
approached from the physico-chemical side, but even now the question can 
scarcely be said to be definitely settled. The cryoscopic determinations 
made by Auwers and his pupils? indicate that only the ortho-hydroxy- 
azo-compounds are quinone-hydrazones, the para-derivatives being phe- 
nolic. Chemical evidence in support of the azo-formula for the para- 
hydroxy-compounds is furnished by Hewitt,? whilst Noelting’s results 
show that these substances may also react as hydrazones.‘ 

The question has again been revived by Hantzsch, who places the 
hydroxyazo-compounds within the category of pseudo-acids. These are 
acidic substances which have a configuration differing from that of their 
salts, tautomeric change taking place during the formation of the metallic 
derivatives ; : 


C,H;NHN :C,H,:0O 


(+ NaOH) a i (=O) 
d fora m 
C,H;NH.N :C,H, > (©,H;NH.N :C,H,(OH), 
a N\o# abnormal hydrate. 
(— H,0) N 


C,H;.N : N.C,H,ONa. 


The substance C;H;NNH :C,;H,: O is a non-electrolyte, and hence its 
salt, when dissolved, should exhibit hydrolytic dissociation ; this however 
is not the case, the metallic derivative behaving as the salt of a negatively 
substituted phenol. The hydrates of the azo-phenols, isolated by Hewitt,’ 
contain only half a molecule of water, but the compound Cl.C;,H,NH.N: 
C,;H;CH,(OH), has been obtained ® which corresponds with the 
abnormal] hydrate required by Hantzsch’s hypothesis. 

The manufacture of hydroxyazo- and aminoazo-compounds has acquired 
considerable importance, owing to the fact that the products of the action 
of diazotised benzidine, tolidine, and o-dianisidine on the sulphonic acids 
of the naphthalenoid amines and phenols have the valuable property of 
dyeing unmordanted cotton ; a quality which is also shared by the azo- 
derivatives of primulin and dehydrothio-p-tolidine, two amines containing 
sulphur, which were discovered by Green.’ 

The sodium salt of sulphonated primulin can itself be dyed on cotton, 
and after being diazotised on the fibre and treated with a solution of 
a suitable phenol or amine, it gives rise to an insoluble azo-compound 
which, on account of the method of formation, is called an ‘ingrain’ . 
colouring matter. ; 

These insoluble azo-compounds may also be produced by first im- 
pregnating a textile fabric with a phenol, and then treating the material 
with the solution of a diazonium salt. It was in the course of an investi- 


1 Liebermann, Ber., 1883, 16, 2858; Zincke, Ber., 1884, 17, 3026 ; 1887, 20, 3171; 
Meldola, 7rans.; 1889, 55, 114, 603. 

2 Zeit. fiir Phys. Chem., 21, 355, and Ber., 1900, 38, 1302. 

3 Trans., 1900, 77, 99, 712, 810. 4 Ber., 1887, 20, 2997. 

5 Ber., 1895, 28, 799; 1898, 31, 2118. ® Ber., 1899, 32, 3089. 

7 Trans., 1889, 55, 227. 
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gation on diazo-compounds employed in the production of these ‘ingrain’ 
azo-compounds that Schraube and Schmidt first isolated the so-called 
‘isodiazo-compounds.’! This important discovery inaugurated a new 
era of investigation on the diazo-compounds, and Jed to a revival of the 
discussion regarding their constitution, a question which had been in 
abeyance for many years. 


II. The Constitution of Diazo-compounds. 
A. Metallic Diazo-derivatives. 


The alkali isodiazo-oxides, discovered by Schraube and Schmidt, are 
prepared by adding a solution of diazonium salt to a warm concentrated 
solution of an alkali hydroxide. The presence of negative radicles in the 
aromatic nuclus of the diazonium salt causes the transformation to take 
place more readily ; the conversion of p-nitrobenzenediazonium chloride 
is effected, even at —10°, whilst the rearrangement of the unsubstituted 
diazonium compound requires a very concentrated solution of alkali 
hydroxide, and a temperature of 130-140°. The more acidic diazo- 
compounds are transformed even by the action of the alkali carbonates.? 
It was at first supposed that these isodiazo-oxides were metallic derivatives 
of the primary aromatic nitrosamines, the transformation taking place in 
accordance with the following equation : 


C,H,N.Cl+2 KOH = KC1+H,0+0,H;.NK.NO. 


This view derived support from the fact that these metallic derivatives 
showed little or no tendency to yield azo-compounds with alkaline solu- 
tions of the phenols ; moreover, they yielded nitrosamines of the secondary 
amines on alkylation, 


RNKNO +> RNCH;.NO. 


That the nitrosamine formula is insufficient to account for all the reactions 
of the isodiazo-oxides was soon shown by von Pechmann, who obtained an 
oxygen ether, NO,C;H,N,OCH;, from silver iso-p-nitrobenzenediazo- 
oxide ; this methyl derivative has the properties of a diazonium salt, 
yields azo-compounds with the phenols and a diazoamine with aniline, and 
it evolves nitrogen on boiling with water, p-nitrophenol being simulta- 
neously produced. It therefore follows that the hydroxide corresponding 
with these metallic derivatives exhibits the phenomenon of tautomerism. 
On neutralising a suspension of potassium iso-p-nitrobenzenediazooxide 
with a weak acid, a yellow substance is produced, which at first shows 
little tendency to form azo-compounds with 6-naphthol, and its disulphonic 
acid, but when left in contact with dilute mineral acid, the product slowly 
dissolves and the soluble compound obtained has all the properties of the 
original diazonium salt. This change may be indicated in the following 
manner : 


NO,.C,H,NK.NO > NO,C,H,NH.NO > NO,C,H,N,Cl. 


This restoration of the capacity for coupling with phenols after acidifica- 
tion was at first considered to be characteristic of iso-diazo-derivatives, 


1 Ber, 1894, 27, 520; Badische Anilin u. Soda-Fabrik, D.R.-P., 78874, 80263, 


81134, 81202. : 
2 Schraube and Schmidt, and Badische Anilin u. Soda Fabrik, Joe. cit. 
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but the test is not very decisive since the metallic 7so-diazo-oxides them- 
selves couple with B-naphthol dissolved in alkali hydroxide, providing 
that the solution is not too alkaline. 

It was next found that potassium benzenediazo-oxide exists in two 
modifications, the 7so form previously mentioned, and the normal form 
which coupled with the phenols much more readily than its isomeride. 
This type of isomerism obtains generally amongst the metallic diazo- 
oxides, but the presence of negative substituents in the aromatic;nucleus 
greatly diminishes the stability of the normal modification. On this 
account it is usually very difficult to obtain both isomerides in a state of 

urity. 

; oles salts have, however, been prepared from diazobenzene- 
sulphonic acid ; the normal basic sodium salt, NaON,C,H,SO;Na, 4H,O, 
is obtained by working with cooled solutions, whilst the iso-salt, which 
separates in anhydrous crystals, is produced by heating a solution of its 
isomeride ; they are both strongly alkaline and are distinguished by their 
behaviour towards 8-naphthol, the former salt readily coupling whilst the 
latter exhibits this property to a very slight extent. The corresponding 
potassium compounds have been isolated, and similar pairs of isomeric 
alkali salts have alsc been prepared from p-bromodiazobenzene-o-sul- 
phonic acid.! 

Diazo- and Isodiazo-oxides—When the isomeric diazo-oxides were 
first investigated there existed a tendency to exaggerate the differences 
between the isomerides, and they were originally supposed to differ 
essentially in the following respects :— 


(i) Capacity for coupling with phenols or ethyl aceto-acetate and 
similarly constituted compounds. 

(ii) Behaviour towards alkylating, reducing, and oxidising agents. 

(iii) Interaction with benzoyl] chloride and alkali hydroxides. 


Production of Azo-derivatives.—The normal diazo-oxides exhibit the 
greater tendency to combine with the phenols, but in the case of both 
isomerides the rate of formation of hydroxyazo-compounds is largely 
dependent on the nature of the aromatic radicle attached to the diazo- 
group, and the free isomeric diazo-hydroxides couple with phenols even 
more readily than their potassium derivatives,” 

It was at first supposed that the metallic zsodiazo-oxides did not condense 
with ethyl aceto-acetate,’ differing essentially in this respect from the normal 
derivatives which had long been known to furnish condensation products 
with the ester,’ but Bulow subsequently showed that the isodiazo-compounds 
yield mixed aliphatic-aromatic hydrazones or azo-derivatives.> This cor- 
rection, although suggesting the structural identity of the normal and 
isodiazo-oxides, does not assist in deciding between the two formule 
R.N : NOH and R.NH.NO, owing to the uncertainty which still exists 
with regard to the constitution of the aromatic and mixed condensation 
products, these substances being regarded by some authorities as azo- 
derivatives, and by others as hydrazones. 


1 Hantzsch, Ber., 1895, 28, 2002 ; 1900, 33, 2158; and Gerilowski, idid., 2317. 
2 Bamberger, Ber., 1898, 28, 444. 3 Schraube and Schmidt, Joe. cit. 
4 Japp and Klingemann, Ber., 1887, 20, 3398; Annalen, 247,190; and Claisen 
and Beyer, Ber., 1888, 21, 1697. 
Ber., 1898, 31, 3122; 1899, 82, 197 
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Alkyl Diazo-oxides.—The action of methyl iodide on the metallic iso- 
diazo-oxides indicates that the isodiazo-hydroxide itself is a tautomeric 
substance, for the potassium salt yields a nitrosamine R.NCH;NO, whilst 
the silver derivative gives rise to an O-ether, R.N : NOMe, this substance 
being also produced from the silver derivative of the normal diazo- 
hydroxide. This result indicates that the isomeric diazo-hydroxides 
corresponding with the two silver derivatives both have the same struc- 
tural formula, R.N:NOH. These O-ethers contain the diazo-radicle 
N :N, for they are all explosive and readily couple with the phenols in 
alkaline solutions.! 

Reduction of the Metallic Diazo-oxides.—The members of both series, 
when treated with sodium amalgam, yield the corresponding hydrazines, 
provided that the reaction takes place in excess of alkali hydroxide.” 

Oxidation of the Metallic Diazo-oxides ; the Aromatic Diaxoic Acids.— 
Even before the discovery of the isodiazo-compounds Bamberger had 
prepared acidic substances by the oxidation of the diazonium salts in 
alkaline solutions, and on repeating the experiment with the alkali iso- 
diazo-oxides he obtained a larger yield of the oxidation product.* These 
acidic substances, the aromatic diazoic acids, are also obtained either by 
dehydrating the nitrates of the primary aromatic amines, 


R.NH,HNO,—H,0= R.NH.NO,, 


or by the direct action of nitric anhydride on these bases, 
2RNH, +N,0; = H,O + 2RNH.NO.,. 


They readily undergo molecular rearrangement, yielding nitro-amines, the 
nitroxyl radicles entering the nucleus either in the ortho- or para-position 
with respect to the aminic nitrogen. These properties indicate that the 
diazoic acids are nitramines; nevertheless they behave as tautomeric 
substances, for whereas their alkali salts give rise to secondary nitramines, 
their silver derivatives furnish O-esters, 


potassium salt - C,H;,NCH;.NO, 
methylphenylnitramine. 
CoHsNHNOs4 ver salt > C,H,;N : NOOCH, 


methyl benzenediazoate. 


The methyl O-ester, when boiled with a benzene solution of 3-naphthol, 
yields benzene-azo-8-naphthol, this condensation indicating its relationship 
to the diazo-compounds. 

The Isomeric Diazo-oxides and the Schotten-Box:mann Reaction.—The 
normal and so-diazo-oxides, when treated with benzoyl chloride, yield 
nitrosobenzanilide with equal readiness, provided that the reaction is 
performed in the presence of a large excess of alkali hydroxide. The 
amount of benzoyl derivative produced is very small when the mixture is 
only slightly alkaline, the diminution in yield being greatest in the casé 
of the normal isomeride.® This reaction, at first sight, seems to favour 
the nitrosamine formula for the diazo-oxides 


C,H;NHNO > C,H;N(NO).COC,H;, 


! Bamberger, Ber., 1895, 28, 225. 2 Hantzsch, Ber., 1898, 31, 340. 
% Ber., 1894, 27, 914. 

* Bamberger, Ber., 1893, 26, 471; 1894, 27, 359, 584, 2601. 

* Hantzsch, Ber., 1897, 30, 621. 

1902. 0 


194 REPORT—1902, 


but von Pechmann’s experiments! indicate that the product is a tauto- 
metic substance behaving also as if it had the formula 


C,H;N : NOCOC,H;. 


Thus, when condensed with sodium B-naphthoxide, it yields benzeneazo- 
B-naphthol, and on treatment with cold potassium hydroxide solution 
undergoes hydrolysis, giving rise to potassium benzenediazo-oxide, a certain 
amount of this salt being also formed during the benzoylation of the iso- 
diazo-oxide: 

Blonistrand, who advocated the diazonium formula C,;H;.N.OK for the 


N 
normal diazo-bxide,? supposed that the production of nitrosobenzanilide 
is due to the transformation of the benzoate C;H;.NO.COC,H; ; this, 


bu 
however, is not the case, for the ester when prepared from benzene- 
diazonium chloride and silver benzoate does not yield any trace of nitroso- 
compoutid under similar experimental conditions.’ 

Synthesis of Isddiazo-owides.—The oxime formula for the metallic iso- 
diazo-oxides also derives support from the fact that the alkali benzene-iso- 
diazo-oxide is produced by the action of hydroxylamine on nitrosobenzene 
in alkaline solutions, 


R.NO+H,NOH+KOH = R.N :NOK+2H,0. 4 


Since the zsodiazo-oxide may be oxidised to the corresponding benzene- 
diazoate, and reproduced from this substance or its alkyl ester by reduction 
with sodium amalgam, the cycle of changes may be thus indicated :— 


RN :NOOK_ 
RN: NOK~-— ~ R.N:NOOCH, 


ee 


B. Stereo-chemical Relationship of the Isomeric Diazo-ovidess 


The behaviour of the isomeric alkali diazo-oxides in the reactions 
tlescribed in the preceding section justifies the belief that the two series are 
structurally identical, and that the comparatively slight differences between 
the diazo- and isodiazo-derivatives are due to a different spatial arrange- 
ment of the radicles associated with the diazo-group, N=N. Accordingly, 
Hantzsch suggested that this isomerism is comparable with that which 
obtains among the oximes, the latter kind of isomerism being explained by 
supposing that the labile and stable modifications contain the associated 
radicles differently arranged about the complex N=CH in the manner 
indicated. 


R.CH R.CH 
Stable oxime \| Labile oxime then vas 
HO.N N.OH 


1 Ber., 1802, 25, 3199. ; 

2 Journ. prakt. Chem., 1896, 54, 329. 

* See also Bamberger, Ber., 1897, 30, 366, 
* Bamberger, Ber., 1895, 28, 1218. 
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The corresponding diazo-oxides would be thus represented :— 


RN R.N 
\| Antidiazo-oxide 
KON 


(normal series) (iso series) 


Syndiazo-oxide II 
NOK. 


The assumption involved in both cases is the same—namely, that the 
‘third affinity of doubly linked trivalent nitrogen may be exerted in one 
‘or other of two definite directions. If this be granted, then there can be 
little doubt that the labile normal diazo-oxides possess the Syn-configura- 
tion, for in this series the coalescence of the contiguous associated radicles 
readily occurs with the elimination of nitrogen. The stable isodiazo- 
derivatives should by exclusion have the An¢éi-structure.! 

There is one point, however, in which the analogy between oximes and 
diazo-oxides breaks down ; the stereo-isomeric oximes give rise to isomeric 
oxygen-ethers, whereas both the isomeric diazo-oxides yield the same 
O-ether. These O-ethers are explosive and combine with bases and 
phenols in the presence of alkali hydroxides or carbonates yielding azo- 
compounds. They are accordingly placed by Bamberger in the Syn or 
normal series.” Hantzsch, on the contrary, points out that in their 
capacity for forming azo-derivatives they do not differ markedly from the 
aso- or anti-diazo-derivatives. The exact relationship of these ethers to 
the metallic diazo-oxides can scarcely be considered as finally settled. 

The 2so- or anti-diazo-oxides undoubtedly exhibit the phenomenon of 
tautomerism, and, under certain conditions, react in accordance with the 
formula R.NH.NO, the formation of V-ethers, RN(alk).NO (secondary 
aromatic nitrosamines), being a case in point. 

Structural Formule for the Isomerve Diazo-oxides.—The hypothesis 
that the isomeric diazo-oxides are structurally different has been defended 
by Bamberger * and Blomstrand,? who maintain that the normal diazo- 
oxide is a diazonium derivative, having the same configuration as the 
original diazonium salts. There is no longer any difference of opinion 
with respect to the oxime formula of the isodiazo-oxides, and accord- 
ingly the second hypothesis may be thus graphically illustrated 


R.N.Cl R.N.OK R.N : NOK 
ca =t Ze 
N 
diazonium chloride. normal diazo-oxide. iso-diazo-oxide. 


One grave objection to the theory is at once detected from this diagram 
which indicates that the diazonium hydroxide 


R.N.OH 
N 


is capable of acting not only as an acid, but also asa strong base. The 
difficulties attending this assumption will be considered at greater length 
in the sequel. 

Existence of Syn-diazo-Sulphonates, Cyanides, &c.—Hantzsch, who 
“obtained a very unstable red potassium benzenediazo-sulphonate isomeric 


1 Hantzsch, Ber., 1894, 27, 1702; 1895, 28, 676, 1734. 
2 Ber., 1895, 28, 225. 3 Ber., 1895, 28, 444, 826, 1218. 
4 Journ. prakt. Chem., 1896, 58, 169; 1897, 54, 8305; 1897, 55, 480. 
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with Fischer’s yellow diazo-sulphonate C;H;.N,.80,K, asserted that these 
isomerides belonged to the syn- and amnti-diazo-series respectively,'! but 
Bamberger objected to this classification and showed that the red salt has 
the properties of a sulphite C,H,N..0.SO,K. ? 

The former investigator has, however, succeeded in isolating a series 
of isomeric diazo-cyanides.? p-Chlorobenzenediazonititn chloride, when 
treated with cold potassium cyanide solution, yields a labile salt which 
readily evolves nitrogen, forms p-chlorobenzonitrile on treatment with 
copper powder, and passes into a stable isomeride. The latter, which is 
not affected by copper powder and may even be distilled in steam, is 
undoubtedly the anti-diazo-cyanide, whilst the labile derivative belongs 
to the syn-diazo-series. Both isomerides have a yeliow colour, and this 
fact tends to exclude the view that the labile derivative is a diazonium 
cyanide, for the diazonium radicie gives colourless salts with colourless 
acids. 

The syn-diazo-cyanides are more stable when the aromatic nucleus 
attached to the diazo-group contains substituent radicles. 

When a diazonium chloride is treated with a suspension of silver 
cyanide the colourless solution obtained, after filtering off the insoluble 
yellow syn-diazo-cyanide, contains a soluble double cyanide which is 
considered by Hantzsch and Danziger * to bea diazonium derivative. The 
double cyanide derived from {-cumenediazonium chloride has been iso- 
lated and its properties are best expressed by the formula 


C,H,(CH;)3.N.CN, AgCN. 
N 


The anti-diazo-cyanide does not yield this double salt. 

The formation of this double diazonium cyanide suggests that the 
sparingly soluble syn-diazo-cyanide may exist in solution in a state of 
equilibrium with the isomeric diazonium salt, and further confirmation of 
this hypothesis has recently been obtained’ by a study of the cyanides 
obtained from p-methoxybenzenediazonium bromide and chloride. These 
salts by double decomposition with potassium cyanide in alcoholic solution 
yi _ the syn-diazo-cyanide 

Me0.0,H,.N 
ll 
CN.N 


an orange-red insoluble substance (melting-point 51°) which couples with 
#-naphthol, and slowly changes into the non-coupling anti-salt 


Me0.C,H,.N 
lI 
N.CN 


a brownish-red compound melting at 121°. 

The existence of a third isomeric cyanide is indicated by evaporating 
at the ordinary temperature in the presence of excess of hydrogen eyanide 
an aqueous solution of p-methoxybenzenediazonium hydroxide. The 
colourless, crystalline substance obtained has the composition 


MeOC,H,N.CN, HCN, 2H.0, 


1 Ber., 1894, 27, 1726. 2 Ber., 1894, 27, 2930. 3 Ber, 1895, 28, 666, 
4 Ber.,18 30, 2529. > Ber., 1900, 38, 2161; 1901, 34, 4166. 
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and possesses all the properties of a true metallic salt ; it is very soluble, 
and its solution is an electrolyte. Moreover, the double salt condenses 
with }-naphthol and is converted into the yellow syn-diazo-cyanide by the 
action of alkaline solutions. 

These results show that diazotised p-anisidine gives rise to the 
three cyanides demanded by the stereochemical hypothesis 


R.N.CN R.N RN 
= t i 
N CN.N N.CN 
colourless soluble coloured labile coloured stable 
electrolyte. non-electrolyte. non-electrolyte. 


The opposite view only accounts for the existence of two isomeric 
eyanides, one having the constitution of a normal diazonium salt, and the 
other that of a diazo-cyanide of the isodiazo-series. 

The syn- and anti-diazo-cyanides cannot be regarded as diazonium salts 
comparable with those of the mineral acids, for on the one hand they are 
non-electrolytes, dissolving only sparingly in water, and on the other they 
are distinctly coloured substances, readily soluble in the organic solvents. 

Their colour confirms the assumption that they contain the group 
N=N, in common with azo-compounds. The criterion of colour must, 
however, be applied with caution, for the syn- and anti-alkali salts 
derived from diazotised sulphanilic acid are colourless. 

Attempts made to obtain, in a state of purity, syn- and anti-diazo- 
derivatives containing other radicles in the place of cyanogen have not 
proved successful. 

The diazonium salts or the alkali antz-diazo-oxides, when treated with 
the alkali phenylmercaptides, yield diazo-thioethers, which do not 
condense with /3-naphthol, and are accordingly taken to belong to the 
anti-series, 

R.N 


Il 
N.8.0,Hs. 


Only in the case of p-chlorobenzenediazothiopheny] ether was an explosive 
intermediate compound observed which may possibly be a syn-derivative. 
Phenol-p-diazo-hydroxide, HOC,;H,N.OH,.and hydrogen sulphide yield 
a hydrosulphide, HOC,;H,.N,.SH, H,S, which is possibly an anti-diazo- 
derivative.! 

By treating p-nitrobenzenediazonium chloride with hydrogen sul- 
phide, Bamberger? obtained three products:—(i) a hydrosulphide 
NO,C,H,N.SH, H.S, or NO,.C;,H,N(SH).NH.SH, which, like the pre- 
ceding thio-derivatives, does not couple with phenol; (ii) a very 
explosive monosulphide (NO.C;H,N,).8, condensing with phenols and 
decomposing in benzene at the ordinary temperature to yield p-nitro- 
diphenyl, hydrogen sulphide, and nitrogen ; (iii) a stable disulphide 
(NO.C,H,N,).S,, which slowly couples with the phenols, and is decom- 
posed by benzene or toluene. The monosulphide is probably a syn-diazo- 
derivative, whilst the disulphide is considered to be an iso-(antz)-diazo- 
compound. 

Diazo-anhydrides.—The isomeric alkali diazo-oxides differ in their 
behaviour towards cold dilute acetic acid, the anti-diazo-oxides giving rise 


» Ber., 1895, 28, 3237, 3 Ber., 1896, 29, 272, 
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to hydroxides R.N,OH, which are colourless unless they contain sub- 
stituent nitro-groups, whilst the syn-isomerides furnish extremely explo- 
sive yellow diazo-anhydrides.! These substances, which may sometimes 
be obtained by treating a diazonium salt with an alkali syn-diazo-oxide, 
slowly couple with the phenols, yield O-diazo ethers with the alcohols, 
and react explosively with benzene, yielding diphenyl-derivatives. 
According to Bamberger’s earlier papers the anhydrides should have the 
formula 


R.N.O.N.R 
Bl gcd, 


Hantzsch’s stereo-chemical formula,? 


N.R BR.N 


I I 
N—O—N 


however, explains why the anhydrides readily yield syn-diazo-cyanides on 
treatment with hydrogen cyanide,* but only very slowly dissolve in 
hydrochloric acid to form diazonium chlorides. Bamberger has since 
suggested another formula for these substances, which assumes that they 
are salts of the basic diazonium hydroxide with the isomeric acidic diazo- 
hydroxide 


R.N.O.N: NR 
N 


This configuration accounts for their formation from a diazonium chloride 
and an alkali diazo-oxide. The first of these formule is the least pro- 
bable, but it is not possible at present to decide between the remaining 
two. 

Cyclic Diazo-compouwnds.—Diazotised sulphanilic acid and other cyclic 
diazo-compounds are taken to be either diazonium salts, 


or syn-diazo-anhydrides,‘ 


a SN 


the introduction of negative substituent radicles increasing the tendency 
to assume the syn-configuration. The azimino-derivatives are assumed to 
be syn-compounds, 


N 

RE SN 
NH 

} Bamberger, Ber., 1896, 29, 446. 2 Ber., 1896, 29, 1067, 


8 Ber., 1898, 31, 636. 
* Hantzsch, Ber., 1895, 28, 1734, and Ber., 1896, 29, 1522, 
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‘The triazolenes prepared by Bamberger ! by the action of nitrous acid on 
amino-indazoles were assumed to have the formula, 


ont 
H ll 
6 i wy 


Hantzsch, however, advocates the constitution ? 


C,H, N 
ha cA 
k ny At 


Diazo-sulphonates.—These substances, prepared by the action of 
potassium sulphite on the diazonium chlorides, appear generally to exist 
in two modifications, but in most cases the syn-isomeride is so unstable 
that it has not been isolated in a purestate. The fact that both modifica- 
tions are distinctly coloured suggests that they have the constitution 
R.N:N.SO,K, analogous to the azo-compounds; the syn-isomeride has 
jnvariably a more intense colour than the antz-salt, 

Syn-2 ; 4-di-iodobenzenediazo-sulphonate, 


I,0,H3.N 
| 
KSO3.N 


is an orange substance, whilst the anéi-salt, 
I,C,;H3.N 


| 
N.S0O3K, 
is yellow. 

The naphthylamines behave exceptionally, yielding only syn-diazo- 
sulphonates ; these are not converted into the antz-salt on warming, but 
decompose, yielding the corresponding azo-naphthalenes.* 

Diazo-phenylsulphones.~—By the action of benzenesulphinic acid on 
the diazo-cyanides, diazo-sulphones RN,.SO,C;H; are produced; the 
action goes immediately with syn-diazo-cyanides, but only slowly with 
their anti-salts, The products do not exhibit stereo-isomerism, and 
probably belong to the anti-series ; the syn-series has not been isolated, 


C. Diazoamines considered as Anti-diazo-compounds, 


Isodiazotisation of Aromatic Primary Amines.—The action of nitrous 
acid on the salt of an aromatic amine leads to the production of a 
diazonium salt, the basic nitrogen atom retaining its pentavalency 
throughout the operation, When the interaction occurs between nitrous 
acid and the free base, an iso-diazo-hydroxide is formed which condenses 
with a molecular proportion of primary amine, yielding a diazoamine, 
The direct isodiazotisation of the base may also be effected either by 
passing nitrous fumes into its solution in dry ether or ethyl acetate,” 
or by treating the amine with an alcoholic solution of amyl nitrite 
and sodium ethoxide ;° in the former case a mixture of normal and 


} Ber., 1899, 32, 1773. 2 Ber., 1902, 35, 888. 
3 Hantzsch and Schmidt, Bev., 1897, 30, 71. 
+ Hantzsch and Singer, Ber., 1897, 30, 312. 
4 Ber., 1894, 27, 1948. * Ber., 1900, 38, 3511, 
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¢so-diazo-hydroxides results, whilst the latter experiment gives rise to 
the alkali 2sodiazo-oxide. 

Migration of the Diazo-radicle.—Griess noticed that a solution of 
diazobeazenesulphonic acid and p-toluidine hydrochloride gave the 
reactions of a mixture containing p-toluenediazonium chloride and sul- 
phanilic acid,' and more recently Schraube and Fritsch 2 showed that a 
similar rearrangement occurs in the case of a dilute solution of p-nitro- 
benzenediazonium chloride and p-toluidine. These investigators state 
that the direction of the change is constant either in acid or neutral 
solution ; the velocity of migration, however, diminishes rapidly as the 
amount of acid is increased, and a large excess of this reagent altogether 
prevents the transformation. These results appear to show that the 
diazo-radicle passes from the less to the more positive radicle, but 
Hantzsch and F. M. Perkin found that a migration in the opposite 
sense occurs with benzenediazonium chloride and p-bromaniline.? It 
may therefore be supposed that generally, when neutral or slightly acid 
solutions of a diazonium salt and a primary aromatic amine are mixed, 
there will be a certain amount of rearrangement due to the migration of 
the diazo-group. 

This migration of the diazo-radicle is probably associated with the 
changes which occur when this group passes from the diazonium to the 
diazo configuration. Bamberger‘ found that, in the inverse change, a 
transitory elimination of nitrous acid occurred, 


R.N:NOH+H,0 = R.NH,+ONOH 
R.NH,+ONOH+HCl = 2H,0+R.N.Cl 


N 


this reaction being effected by dissolving an alkali iso-diazo-oxide in cold 
mineral acid. If the transitory elimination of nitrous acid is assumed to 
occur in the change from the diazonium to the diazo condition, then an 
explanation of the migration of the diazo-radicle is obtained, which also 
accounts for the fact that the same mixed diazoamine is produced from 
the couple XN,Cl and YNH, as from the combination of YN oCl and 
XNH,. In the former case the diazonium hydroxide, liberated from its 
salt by the addition of sodium acetate, would undergo hydrolysis, 


X.N.OH+H,0 = XNH,+ONOH, 
N 


and the nascent nitrous acid would at once isodiazotise a portion of each 
of the primary amines XNH, and YNH,, giving rise to the diazo- 
hydroxides X.N: NOH and YN: NOH. The latter substances and the 
unaltered primary bases would then condense, and a mixed diazoamine 
would be produced, this substance consisting of a solid solution of 
XN,.NHY in YN,.NHX, the proportion of the two constituents de- 
pending on the nature of the two aromatic radicles X and Y. In certain 
cases the product may consist largely of the symmetrical diazoamines 
XN,.NHX and YN,.NHY, but the formation of these compounds is 
equally well explained by the hypothesis based on the transitory elimina- 
tion of nitrous acid. The formation of the mixed diazoamine occurs even 


1 Ber., 1882, 15, 2190. 2 Ber., 1896, 29, 287. 
® Ber., 1897, 80, 1412, » * Ber., 1895, 28, 826. 
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when X and Y are radicles derived from different hydrocarbons, and sub- 
stances of this type containing naphthalene and tetrahydronaphthalene 
nuclei have been isolated.' 

The migration of the diazo-group is prevented by the alkylation of the 
primary aromatic amine, and the couples XN,Cl, YNHR and YN,.Cl, 
XNHR give rise to two isomeric mixed alkyl diazo-amines, XN,NRY 
and YN,NRX. ? a 

The comparative stability of the diazoamines and their production 
from isodiazo-oxides point to their having the anti-diazo configuration ; 
the syn-isomerides have not been produced, although Hantzsch and 
F. M. Perkin (Joc. cit.) obtained abnormal diazoamines which form an 
exception to the rule governing the formation of mixed diazoamines. The 
compound CIC;H,N;HC,H;, for example, exists in two modifications, 
which give rise to the same products on fission with hydrochloric acid or 
phenylcarbimide. The suggestion that these two isomerides should be repre- 
sented by the formule C,H;N:N.NH.C,H,Cl and C,H;.NH.N: NO,H,Cl, 
is not justified by the result of their fission. 


D. The Diazonium Radicle compared with Quaternary Ammonium Ions. 


The change of opinion in favour of the Strecker-Blomstrand formula 
for the diazonium salts was in the first place based on certain general 
analogies existing between the salts of nitrogenous bases. 

The older view of the constitution of diazonium salts indicates that 
these substances form an exception to the rule that basic nitrogen is 
pentavalent in its salts, and yet the compounds in question behave as the 
salts of bases more powerful than the aromatic amines from which they 
are derived. The diazonium bases are capable of combining with the 
weaker acids, and yield soluble alkaline carbonates, e.g. (Cj H;N.).CO3, and 
unstable nitrites and acetates. Moreover, this view involves the assump- 
tion that the compound C,H;N:NOH can react as a strong ammonium 
base towards acids and as a distinctly acidic substance towards the alkali 
hydroxides. Hantzsch showed that the diazonium salts of the mineral 
acids are strongly ionised in dilute solution, but do not exhibit any trace 
of hydrolytic dissociation ; the ionisation is, however, considerably dimi- 
nished by the introduction of negative radicles into the aromatic nuclcus 
of the diazonium compound. 

Determinations of the electrical conductivity of solutions of benzene- 
diazonium chloride and nitrate showed that the benzenediazonium radicle 
is strictly comparable with other quaternary ammonium ions. The rate 
of migration of the benzenediazonium ion at 25° is 45-7, the correspond- 
ing constants for the methylpyridinium, C;H;NCH;, and tetramethyl- 
ammonium ions, N(CH;),, being 44°3 and 43-6 respectively. 

The molecular conductivity of the solutions of diazonium salts increases 
with the dilution, just as in the case of the corresponding potassium and 
ammonium compounds. 

A physico-chemical study of the solutions of benzenediazonium 
hydroxide showed that the aftinity constant of this base at 0° is seventy 
times greater than that of ammonium hydroxide, and somewhat exceeds 


1 Morgan, 7rans., 1902, 81, 91; and C. Smith, ibid. 901. 
2 Meldola and Streatfeild, 7rans., 1887, 51, 818; 1889, 55, 610, 1105; 1890, 57, 
785. 3 Ber., 1896, 28, 1734. 


202 REPORT—1902. 


that of piperidine. The affinity constants of methoxybenzenediazonium 
hydroxide and ¥-cumidinediazonium hydroxide are even greater, and 
approximate closely to those of the alkali hydroxides. The effect of intro- 
ducing halogen radicles into the aromatic nucleus is indicated in a striking 
manner in the following table :— 
k=velocity constant 
C,H,N,0H . . . « 0123 

BrO,H,N,OH 4 « «  « 00149 

2:4Br.C,H,N,OH , . . » 0°0136 

2:4:6Br,C,HNOH . . « -- 00014 


A comparison of the electrical conductivity experiments with the 
results obtained in the hydrolysis of ethyl acetate by benzenediazonium 
hydroxide shows that, in 1/128 N solutions at 0°, approximately 33 per 
cent. of the base exists in the ionised condition. 

The ionisation detected in the hydrolysis experiment is greater than 
that indicated by the conductivity determinations, and this shows that 
the electrolytic dissociation is exclusively due to the reaction 


C,H;N,OH 2 C;H;N+HO, 
N 
and not to the electrolysis of a diazonium syn-diazo-oxide, 
C;H;N —0.N,.C,H;. 
N 


Condition of the Non-ionised Diazoniwm Hydroxide.—The solution 
of benzenediazonium hydroxide differs essentially from one containing 
piperidine in its behaviour towards alkali hydroxides, generating with 
these reagents an appreciable amount of heat exactly like a weak acid. 
This reaction is also indicated by determinations of the electrical con- 
ductivities of solutions of the diazonium hydroxide when treated with one, 
two, or more molecular proportions of sodium hydroxide. 

The simplest explanation of this phenomenon is based on the assump- 
tion that the non-ionised portion of the diazonium hydroxide exists in 
solution in a hydrated form which, on the addition of alkali hydroxide, 
yields the alkali salt, the acidic syn-diazo-hydroxide behaving in this 
respect precisely like the similarly constituted oximes. 

Before the addition of alkali the equilibrium may be thus repre- 
sented :— 


C,H;H.N aH C;H;N.OH 
H,0+ HORE | 
N HO.N.H 


The addition of the alkali hydroxide causes the hydrate to lose water 
forming the syn-diazo-hydroxide, which then gives rise to a certain amount 
of sodium derivative, ; 

eNO oa sehen toelie® 
< | o< I 


HONH | HO.N NaO.N. 


1 Hantzsch and Davidson, Ber., 1898, 31, 1612, 
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If this hypothesis is not accepted, then it must be assumed that a 
quaternary ammonium hydroxide, having the functions of a strong base, 
is also capable of behaving as an acid and yielding an alkali salt. The dia- 
zonium hydroxide derived from anisidine, for example, is a base com- 
parable in strength with thealkalies, and yet it gives rise toastable potassium 
derivative,! which, according to the alternative theory, has the formula 


OCH;.C,H,.N.OK 
N 


There are, however, absolutely no other examples of strong alkalies 
behaving in this way. 

On the other hand, the hypothesis based on the change of configuration 
due to the labile nature of the diazonium hydroxides, brings these bases 
into line with other quaternary ammonium derivatives. It is well known 
that almost all the quaternary ammonium hydroxides, excepting those in 
which the nitrogen is attached to four fully saturated hydrocarbon 
radicles, are unstable, and pass into substances in which the hydroxyl 
group is no longer attached to the aminic nitrogen. This alteration is 
noticed in the bases of the rosaniline, pyridine, and acridine series ; the 
transformations taking place in each case being indicated by the following 
diagrams :— 


V III 
>C:C,H,:NH,OH - >C(OH).C,H,.NH, 
=CH. V —CH(OH) III 

SNR.OH Fe SNR 
—cH7 Cn’ 
CH. CH(OH 
Re |. oR thes eet cee 
ae A >=Neew 
NROH 
V III 
R.N.OH > R.N:N.OH 
N 
Ammonium derivatives. Pseudo-ammonium derivatives. 


According to this generalisation the syn-diazo-hydroxides are to be 
regarded as pseudo-diazonium derivatives.” 

Solid Diazonium Halides.—-The unstable character of certain dia- 
zonium halides seems to be connected in some way with their colour, the 
most highly coloured salts being very explosive. These coloured salts 
are found to give colourless solutions, in which the salt is undoubtedly in 
the form of adiazonium compound. The appearance of colour in the solid 
state is considered to be due to the formation of a certain amount of 
syn-diazo-derivative, in accordance with the condition of equilibrium :— 

R.N.X > RN 
se < l 


N XN 


? Ber, 1900, 38, 2158. Ber., 1899, 82, 3109; 1900, 38, 278, 
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The amount of coloured syn-compound present depends largely on 
the nature of the acid radicle X. 

The diazonium chlorides, and nearly ali the bromides, are sélowklesa 
and comparatively stable. The iodides are all coloured, and very explosive, 
the thiocyanates are somewhat less coloured than the iodides, and are 
intermediate in stability between these and the bromides. 

The influence of substituent radicles in the aromatic radicle R is 
scarcely noticeable with the diazonium chlorides ; but with the other salts 
it is found that the stability is increased by the introduction of methyl 
and methoxy groups, and diminished by that of acidic radicles.! At low 
temperatures even the very explosive diazonium salts become stable, and it 
is noticed that, on cooling, their colour is perceptibly diminished.? 

The Residual Affinity of Diazonium Salts.»—The characteristic fission 
of diazonium salts is very probably due to the preliminary addition of a 
reagent HR, and the subsequent elimination of the hydride of the acid 
radicle with the formation of an unstable syn-diazo-compound, 


[: Nak eviews yee X—_R 
N: N+ TiN 2 = 
Nd a Vivitar pp cb HCL > een 
Cl - 


This hypothesis affords a general explanation of the Sandmeyer re- 
action, and also of the interaction between diazonium salts and water 
or alcohol. 


Bene S00 a OO, 
Cl i Cl H 
Reo Bs CH 
N: N+ +N:N + R.H+N,+HO1+0,H,0. 
; O0He Sa - 
Cl < OC,H,.H 


The cuprous salts of the Sandmeyer reaction combine with syn- 
diazo-compounds to form coloured double salts of the azo-type, and, in this 
way, induce the conversion of the diazonium salt into the pseudo-diazonium 
or syn-form which subsequently decomposes in the characteristic manner. 

The diazonium perhalides are substances analogous with the periodides 
of potassium, cesium, and the quaternary ammonium bases. The halogen 
atoms are certainly not attached to both nitrogen atoms, since the com- 
pound C,H;N.ClBrI is produced either from C,;H;N.Cl and IBr or 
from C,H,;N,.Br+ICl. ° 

Hydrolytic Dissociation of the Alkali Diazo-oxides.—It has already been 
seen that the metallic syn- and anti-diazo-oxides are much alike in their 
general chemical behaviour, providing that their reactions are studied in 
fairly alkaline solutions. The syn-isomerides, however, exhibit anomalous 
properties in dilute neutral solution, and this phenomenon has been found, 
by determinations of the electrical conductivity,® to be due to the 

1 Ber., 1900, 38, 2175. 2 Ber., 1901, 34, 4166. 
3 Ber., 1897, 30, 2548; 1898, 31, 2053. 4 Ber., 1900, 38, 2517. 
* Ber., 1895, 28, 2754. \ & Rer., 1898, 31, 1612. 
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abnormally large hydrolytic dissociation of these substances. This is 
explained by the hypothesis already employed in considering the con- 
dition of the dissolved diazonium hydroxide. The syn-diazo-oxide exhibits 
a higher degree of hydrolytic dissociation than potassium cyanide or other 
dissociating salts, because the acid set free by hydrolysis is not stable, 
but passes into the intermediate hydrate and thence to the diazonium 


hydroxide :— 


R.N fe a R.NOH R.N.OH 
Hee HONE |e ae 


Anti-diazo-oxides and Primary Nitrosamines.—The alkali diazo-oxides 
behave like the salts of a distinctly acid substance, and are not greatly 
hydrolysed in dilute solution. When the dissolved salt is treated with 
the equivalent amount of hydrochloric acid, the electrical conductivity 
of the resulting solution shows that the only electrolyte present is the 
alkali chloride produced by the reaction. The solution obtained is per- 
fectly neutral, and, conversely, when the substance, which is set free by 
the acid, is treated with the equivalent quantity of alkali the product 
is neutral. These phenomena indicate that the substance set free from 
the anti-diazo-oxide belongs to the class of pseudo-acids,! and accordingly 
the product is best represented as being a primary nitrosamine, 


R.N R.N 
ll as \| + RNH.NO 
NOH 


anti-diazo-oxide. labile. stable. 


The nitrosamines Br.C,H,NH.NO and NO,.C;H,NH.NO have 
the characters of pseudo-acids ; they do not react with phosphorus penta- 
chloride, acetyl chloride, or ammonia in indifferent solvents, and dissolve 
only gradually in acids regenerating the diazonium salts. 


Summary.—The theory of diazo-compounds, which ignores stereo- 
chemical differences and assumes that the diazo-oxides are structurally 
dissimilar, may be summarised in the following diagram :— 


R.N.Cl 
N 
7 M XN 
WAN \ 
So Ae an \ 
aa 
R.N.OH [RN ; NOH | 
N t uN 
~ : R.NH.NO 
{ (NaOH) ls S A tautomeric form, 
R.N.ONa iS &/ 
N rearrangement . 
= >. KON + NON 
labile normal stable iso-diazo-oxide, 


diazo-oxide. 


' Ber., 1899, 82, 575; 1703¢ 
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The stereochemical theory may be briefly outlined as follows :-— 


R.N.Cl 
K 
& 
op, 
(NaOH) Ke 
; 
RN<| RNOH |. R.N.OH | BN “a 
| | | = | >R.NH.NO 
HON>|_HONH > WN NOH | 
‘i 
| (NaOH) | (HCL) 
ot steric change ky = N 
I I 
NaO.N 2 N.ONa 
labile syz-diazo-oxide. stable anti-diazo-oxide. 


The substances indicated in square brackets are hypothetical inter- 
mediate compounds, the existence of which is assumed in order to explain 
the tautomeric changes. 

_ In our present state of knowledge a choice still remains between a 
theory of diazo-compounds which, although not assuming any spatial. 
relationships, nevertheless offers an explanation of the isomerism of these 
substances which is applicable to this series of nitrogen-derivatives alone, 
and a stereochemical hypothesis which correlates the diazo-derivatives 
with other nitrogen compounds of a similar type and affords a general 
interpretation of a considerable group of experimental facts. 

The assumption of syn- and anti-isomerism explains the production 
of the two series of coloured cyanides and sulphonates from the colourless 
diazonium salts. Moreover, the stereochemical hypothesis renders it 
possible to connect the relationship between the diazonium and syn-diazo- 
hydroxides with the general theory of quaternary ammonium compounds. 
In a similar manner the behaviour of the primary aromatic nitrosamines 
and the azti-diazo-oxides may be correlated with the general theory of 
pseudo-acids and their salts. 

It may be urged against the stereo-chemical theory of diazo-compounds 
that the syn-diazo series is still very defective, being confined to three 
classes of substances, the metailic diazo-oxides, the diazo-cyanides, and 
diazo-sulphonates, and it is still possible that the isomeric cyanides and 
sulphonates may be shown to be structurally different. On the other 
hand the view that the sy-diazo-compounds have a diazonium configura- 
tion leads to conclusions which are not in accordance with experimental 
facts. This is particularly the case with the metallic diazo-oxides, for it 
becomes necessary to assume that the strongly basic diazonium hydroxides - 
also react as acids. This hypothesis is in the highest degree improbable, 
there being no other exgmple of a quaternary ammonium hydroxide: 
possessing this dual nature. 
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Addendum. 


I. Additional Notes on the Stereochemical Theory.—Since writing the 
foregoing report the author has received a communication from Professor 
Hantzsch containing the latest developments of the stereochemistry of 
the diazo-compounds. 

The alternative views are fully discussed and the plane [formule sug- 
gested for the syn-diazo derivatives, on the assumption that these sub- 
stances differ structurally from their anti-isomerides, are shown to be 
incapable of accounting for the observed facts. 

In addition to the diazonium formula, three other structual ; formule 
have been advanced for the metallic syn-diazo-oxides : % 


R.N.NO R.N — N.Na R.N:N.Na 
| 5A II 
Na O O 


These configurations fail, in the following important points, to account 
for the behaviour of these metallic diazo-derivatives : 


1. They do not furnish a simple explanation of the reciprocal trans- 
formation of these substances into diazonium salts and vice versd. 

2. They do not indicate that capacity for coupling with phenols tio form 
azo-compounds, which is so essentially characteristic of the syn-diazo 
series. 

3. Moreover, they involve the additional assumption that the 
isomerism of the metallic diazo-oxides differs essentially from that of the 
diazo-cyanides and diazo-sulphonates, inasmuch as the latter compounds 
cannot be formulated on these lines. This hypothesis is, however, un- 
justifiable for the syn-diazo derivatives of the three Series (oxides, cyanides, 
and sulphonates) have comparable properties. 


The only other structurally dissimilar fortiule available for the syn- 
diazo-cyanides and diazo-sulphonates are the diazonium formula 


R.N.CN(SO;K) 
N 
and the configuration R.N : N.CN(SO;K), 


The former of these is not in accordance with the general properties 
(colour and sparing solubility) of these derivatives, and moreover the 
electrolytic dissociation of the diazo-sulphonates into two ions confirms 
the view that the compounds are diazo-sulphonates, R.N: N .8O;K, and not 
diazonium sulphites. 

The second formula involves an entirely new assumption—namely, that 
of isomerism due to change of valency ; but even if this possibility be 
granted, the corresponding formulation does not furnish an explanation 
of the close relationship existing between the syn and anti series, for the 
isomeric pairs of diazo-compounds, 


RN: N.CN(SO;K) and RN: N.CN(SO,K), 


being derivatives of pentavalent and trivalent nitrogen respectively, ought 
to differ completely in their chemical reactions. 
In developing the stereochemical theory of the diazo-derivatives, 
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Hantzsch adopts the space formule employed in explaining the isomerism 
of the oximes. 

The assumption involved is that the valencies of the trivalent nitrogen 
atom are directed along the convergent edges of a regular tetrahedron, 
the atom itself being situated at the apex of the solid angle thus pro- 
duced. 

When two nitrogen atoms become doubly linked in a molecule, the 
compound which results is capable of existing in two stereomeric forms 
corresponding with the diagrams Ia and II. 


By means of these diagrams the syn- and anti-diazo derivatives may 
be compared with the stereomeric oximes and the cis- and trans-isomerides 
of doubly-linked carbon compounds. 

The great instability of the syn-diazo series may be explained in terms 
of v. Baeyer’s ‘tension’ theory. According to this hypothesis, the 
valencies linking together two conjugated atoms tend to set themselves 
in the same straight line, and when this is not possible, a stress is pro- 
duced in the molecule which renders it unstable and prone to undergo 
rearrangement. 

The diagram Ia indicates a molecule in this unstable condition, the 
linking valencies of the two nitrogen atoms being inclined at an angle to 
each other. This intramolecular strain can be relieved by placing the 
sides of the tetrahedra bounded by continuous lines in the same plane, 
the necessary change in the spatial relationship of these figures being 
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produced either by rearrangement (Ia to II), or more simply by rotating 
the tetrahedra about their common edge (Ia to Id). 

The former operation represents the transformation of the labile syn- 
derivative into its stable anfi-isomeride ; the latter indicates the final 
condition of the syn-compound itself, and furnishes an explanation of the 
typical diazo-fission, 


I = eee 


brought about by the close proximity of the radicles attached to the 
diazo-complex. 

II. Lsolation of the Anti-diazohydroxides R.N:N.OH.—WUantzsch has 
recently discovered that in certain cases both forms of the anti-diazo- 
hydroxides are capable of separate existence. The nitrosamine forms 
have already been studied ; they are comparatively stable yellow com- 
pounds belonging to the category of pseudo-acids, and yield negative 
results when treated with phosphorus pentachloride, acetyl-chloride, 
phenyl-carbimide, or a dry ethereal solution of ammonia. 

The newly isolated oxime forms 


R.N 
| 
N.OH, 


corresponding with the metallic antz-derivatives R.N: NONa(K), are labile, 
colourless substances ; they are true acids reacting with the agents 
enumerated in the preceding sentence. 

The syn-diazohydroxides are only known in solution. 

III. Transformation of Diazoniwm Salts.—The following observations 
should be added to the summary of miscellaneous substitutions :— 

Meldola and Eyre have shown that in the dinitro-anisidines a nitro- 
group situated in the ortho- or para- position with respect to amidogen is 
replaced either by chlorine, when the base is diazotised in the presence of 
hydrochloric acid,' OMe.C,H,(NO,),N,Cl > OMe.C,;H,Cl(NO,)N..NOg, 
or by hydroxyl, when the operation is carried out in sulphuric acid. 

The author has quite recently noticed a similar transformation in the 
ease of 1-nitro-/3-naphthylamine when diazotised in the presence of hydro- 
chloric acid, NO,.C,,H,N,Cl > Cl.C,)H,.N».NO,, and further rearrange- 
ments of this nature have been observed by other investigators.” 

Although under these conditions bromine may be replaced by chlorine, 
it does not appear possible to remove fluorine or iodine from the aromatic 
nucleus through the agency of the diazo-reaction (Hantzsch). 


1 Meldola and Eyre, Zrans., 1901, 79, 1077 ; 1902, 81, 988. 
* Gaess and Ammelburg, Ber., 1894, 27,2211; Meldola and Streatfeild, Zranz., 
1895, 67, 909; Fr. Pat. 315932, Feb. 28, 1902. 
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Registration of Type Specimens of British Fossils.—Report of the Com- 
mittee, consisting of Dr. H. Woopwarp (Chairman), Dr. A. SMITH 
Woopwarp (Secretary), Rev. G. F. Waipporne, Mr. R. Kinston, 
Professor H. G. SEELEY, Mr. H. Woops, and Rev. J. F. Buake. 


Durine the past year an important list of the type specimens of 
fossils in the Norwich Museum has been published by Mr. Frank Leney, 
assistant curator. It was first issued in the ‘Geological Magazine’ for 
April and May 1902, and subsequently reprinted as a pamphlet with a 
preface by Dr. Henry Woodward. 


Tife-zones in the British Carboniferous Rocks.—Report of the Com 
nuttee, consisting of Mr. J. E. Marr (Chairman), Dr. WHEELTON 
Hinp (Secretary), Mr. F. A. Baruer, Mr. G. C. Orickx, Dr. 
A. H. Foorp, Mr. H. Fox, Professor KE. J. Garwoop, Dr. G. J. 
HinbE, Professor P.. F. Kenpatt, Mr. R. Kipsron, Mr. G. W. 
LampiueH, Professor G. A. Lesour, Mr. B. N. Prac, Mr. A. 
Srrawan, and Dr. H. Woopwarp. (Drawn up by the Secretary.) 


Co.uectING has been carried on during the last yeat by Mr. D. Tait, of 
the Geological Survey, who kindly devoted his holiday to that purpose, 
and by Mr. J. T. Stobbs, F.G.S., lecturer on mining under the Stafford- 
shire County Council. The Committee are to be congratulated on being 
able to obtain the help of such trained and skilled collectors. 

Mr. Tait collected from the Black Limestones and shales resting on 
the white shelly Limestone at Poolvash, Isle of Man, where he redis« 
covered the plant-beds mentioned by Cumming in his work on the Isle of 
Man. He then worked in the beds of the same horizon in the Valley of 
the Hodder, near Stoneyhurst, and also in the neighbourhood of Flasby, 
Yorkshire. 

Mr. Stobbs has confined his attention to the dark shales and Lime- 
stones resting on the white shelly Limestone in the Valley of the Noe, and 
at Mam Tor, near Castleton. 

Most of the Cephalopoda have been submitted to Dr. A. H. Foord, and 
the plants have been sent to Mr. Kidston. 

JT have also collected and examined collections from certain horizons 
in Weardale, Redesdale, and Edendale, and while on an excursion with 
the Geologists’ Association examined the beds and fauna of the Bishopton 
beds which succeed the Limestone Massif of Gower, lists of which I include 
in my report. I am indebted to my friend Dr. Wellburn for notes on 
the fish fauna of the Pendleside series. 

I have recently had the privilege of examining, at the invitation of 
M. Dupont, of the Musée d’Histoire Naturelle of Brussels, a large collec- 
tion of rock specimens and fossils which were obtained by Mr. Purvis when 
mapping the district round Clavier, a little north-east of Dinant. Some 
few outliers of yellowish and dark shales, black Limestones, cherts, and 
quartzites are found near Clavier (Explication de la Feuille de Clavier, 
Service de ia Carte géologique du Royaume, 1883), which appear to me 
identical in character with rocks found in the Pendleside series. The 
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shales and Limestones contain a typical and almost complete Pendleside 


fauna. I was able to identify the following species :— 
Aviculopecten pratenuis. Glyphioceras spirale. 
Posidoniella levis. Prolecanites compressus. 
? Posidonomya membranacea. Athyris ambiqua. 
Pteronites angustatus. Chonetes Laquessiana. 
Chenocardiola Footit. Productus scabriculus. 
Orthoceras Morrisianum. $ semireticulatus. 
Orthoceras striato-annulosun. Phillipsia Van der Grachtii, ? longé 
Séroboceras bisuleatum. check spine. 
Glyphioceras bilingue. Listracanthus Beyrichii. 

5 diadema. 


At Visé, in beds of the same age, lying on the Shelly Limestone 
Massif are shales with— 


Pterinopecten papyraceus 
Posidonomya Becheri 


Posidoniella levis 
Glyphioceras diadema 


a fauna characteristic of the lower part of the Pendleside series, whilé 
the Chokier beds contain a fauna and have a lithological character indi- 
cating higher beds in the Pendleside series, such as are found in thé 
bullions of Horsebridge Clough and Crimsworth Dean, Pule Hill, River 
Dane, and various other localities. 

It is interesting to find this fauna present in its proper position in 
Western Europe, and the same fauna obtains in the Lower Carboniferous 
beds of Magdeburg still farther east,! and still farther east in the Culm 


of Herborn.? 


The results of Mr. Tait’s collecting are as follows : 


Poolvash, Isle of Man :— 


Black shale interbedded with lenticles 
and hummocks of limestone containing 
marine fossils, between tide-marks west 
of the barn at Poolvash Farm. 

(There has been a great deal of lateral 
thrusting on the shore. These plant-beds 
should, I believe, rest on the shelly lime- 
stone.) 

* With reference to these fossils, Mr. 
Kidston says they seem to be the same 
class of organism as the unknown Pendle 
Hill (Hook Cliff) fossil (found last year by 
Mr. Tait), but apparently specifically dis- 
tinct. I would say they belong to Gép- 
perts’ and Hall’s Dictyonena. 


Below high-water mark, 20 yards 
sea east of Poolvash Farm :— 
Posidonomya Becheri. 


Solenomya costellata. 
Orthoceras Morrisianum. 


PLANTS: 
Adiantites Machanehi; Stur. 
Adiantites antiquus, Ett. sp. 
Sphenopteris pachyrachis, Gopp: 
var. stenophylla, GORD: 
Sphenopteris allied tosp. bifida, L. & H., 
or sp. subgeniculata, Stur. 


* 2 Dietyonema, 2 sp. 
MOLLUSCA. 
Posidonomya Becheri, 
Pterinopecten (Aviculopecten) papy* 
raceus. 
Solenomya costellatus. 
Orthoceras Morrisianum. 
re suleatum. 
Glyphioceras reticulatum or crenistria. 


east of stream, which enters the 


Orthoceras sp. 
Cf. Glyphioceras veticulatum, 


Nothing new turned up in the black marble quarry. 
Mr. Kidston reports that the plants are those which characterise the 
Calciferous Sandstone group in Scotland, which was the case with the two 


1 Wolterstorf, Das Untercarbon von Magdeburg-Neustadt und seine Fauna, 1899. 
2 Von Koenen, Die Kulm-Launa von Herborn. 
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plants he identified last year from beds of the same horizon in the neigh- 
bourhood of Pendle Hill. Unfortunately for the value of plants as zone 
fossils, this flora is associated in the Calciferous Sandstone group with a 
totally different fauna from that which obtains at Poolvash, and also the 
stratigraphical position of the Poolvash shales and Pendle Hill beds 
admit of no doubt, the deposits resting on the upper beds of the Carboni- 
ferous Limestone series. 

Of three specimens, doubtfully referred to Dictyonema, one was 
obtained from the Pendleside Limestone series at Hook Cliff, and the 
others from the plant-beds at Poolvash. 

The White Limestones of Poolvash contain a rich fauna identical with 
that of the upper part of the Limestone Massif at Settle, Cracoe, Clitheroe, 
and Derbyshire, and belongs to the zone of Productus giganteus. 

He found the Posidonomya Becheri beds with Pterinopecten (Avicu- 
lopecten) papyraceus and Posidoniella levis in the Millbeck, 1} mile 8.E. 
of Hetton, l-inch Geological Survey, sheet 92, N.W. 

Higher up the stream the Limestone Massif is exposed, and here 
Productus giganteus and a typical fauna were obtained. This is part of 
the Massif which extends E. and W. from Calton to Greenhow Hill wid 
Cracoe. 

Mr. Tait also collected carefully from the exposures in the River 
Hodder. It will be remembered that Dr. Henry Woodward described 
two new species of Trilobites from this locality.! 

Left bank of Hodder, above Hodder Bridge :— 


Chonetes Laguessiana. Posidonomya Bechert. 

Discina nitida. Solenomya costellata. 

Productus semireticulatus. Bellerophon Urei. 

Ethynchonella pleurodon. Orthoceras sp. 

Pterinopecten papyraceus. Large Goniatite crushed. 
Left bank of Hodder, quarter of a mile below Hodder Bridge :— 

Phillipsia Polleni. Prolecanites compressus. 


Half a mile S.E. of Hodder Bridge. Cement stones which underlie 
Pendleside Limestone :— 
Phillipsia Polleni. Productus sp. 
Cf. Glyphicceras spirale. 


River Hodder, 150 yards East of Stoneyhurst Bathing Cots :— 


Prolecanites compressus (sutures). Orthis resupinata. 
Crassichorda carbonaria (Kidston). Productus scabriculus ? 
River Hodder, east of Bathing Cots :— 
Orthoceras annitoso-lineatum. Orthis resupinata. 
Prolecanites compressus. Oracanthus Milleri. 
Productus semireticulatus. Plant remains, 


Chonetes Laguessiana. 


River Hodder, near old limekiln, between Hodder Place and the 
bridge to the south :— 


Productus aculeatus. Orthis resupinata. 
3 margaritaccus. Spirifer trigonalis. 
iy punctatus. Phillipsia sp. 
semireticulatus. A Coral. Zaphrentis? 


Orthis Michelini, 


1 Geol. Mag., Dec. 4, vol. i. 1894, p. 481. 
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One mile north of Hodder Bridge :— 


Beaumontia Egertoni. Spiriferina eristata ? 
Orthis Michelini. Strophomena analoga, 
is resupinata. Orthotetes crenistria. 
Prodyctus aculeatus. Spine of Pale@echinus, 
» Margaritaccus. Posidonomya Becheri. 

Jimbriatus, Nuculana attenuata, 


Spirifer trigonalis. 


Branch of river Hodder at Agden. West margin of Sheet 92, S.W, 
of 1-inch Geological Survey :— 


Actinoseras giganteum. Chonetes Laguessiana, 
Goniatite too compressed to deter- Dielasma hastata. 

mine. Edmondia Maccoyi. 
Athyris ambiqua. 


Stream running §.W. from Browsholm Hall. East of Sheet 91. 
8.E. l-inch Geological Survey, showing section of Pendleside Limestone 
with flint bands :— 


Athyris ambigua, Glyphioceras bidorsale. 
Chonetes Laquessiana. * bilinqgue. 
Spirifer glaber ? i calyx. 
Posidonomya Becheri. 5 reticulatum ? 
Aviculopecten pretenuis. Cf. Orthoceras obtusa. 
Ctenodonta levirostris. Phillipsia Polleni. 


Nuculana attenuata. 


The River Hodder lies about midway between the Carboniferous 
Limestone inlier of Withgill and the Millstone Grit of Longridge Fell. 
The Pendleside series are rapidly attenuating as they pass west. The 
beds in the Hodder undoubtedly belong to that series, as is shown by the 
occurrence of the typical Cephalopoda and Lamellibranchiata of the zone 
in them. I have little doubt but that the bands of Limestone in the 
Hodder represent the Pendleside Limestone of Pendle Hill. 

The Bishopton beds, Glamorganshire, consist of a series of black shales 
with Glyphioceras bilingue, G. diadema, (. reticulatum, and Posidoniella 
levis, overlying a series of light-coloured beds of decomposed chert with 
several fossils, amongst which are 


Athyris ambigqua. Products semireticulatus. 
Chonctes Laquessiana, Rhynchonella pleurodon, 
Dielasma hastata. ifs Pugnus, 
Spirifer glaber. Griffithides Barkei. 

of trigonalis. Fenestella sp. 
Orthotetes crenistria, i sp. 
Productus longispinus. Posidoniclla levis. 

as punctatus, 


These light-coloured cherty beds probably represent the uppermost 
beds of the Carboniferous Limestone series, or even passage beds between 
this series and the Pendleside beds. It is interesting to note the presence 
of Posidoniella levis and Chonetes Laguessiana and the absence of 
P. giganteus in them. 

Last year I examined the upper part of the Carboniferous Limestone 
series of Weardale with Mr. Barker of Frosterley. 
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A bed of Quartzose Sandstone 
above Little Limestone, Wols- 
ingham 


Pattinson’s Sill: sandstone 
12 feet, shale 24 feet, full 
of round black concretions at 
base 


Little Limestone, 7 feet . 4 


High and low Coal Sills: Shale a 
little below Little Limestone 


Famps or shales, forming upper Athyris plano-sulcata, 


few feet of Great Limestone 


Main, or Great Limestone, 60-70 
feet 
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Chonetes Laguessiana, Orthotetes crenistria, Pro- 
ductus longispinus, P. muricatus, P. semireticu- 
latus, WSpirifer ovalis, Edmondia  sulcata, 
Lithodomus lingualis, Bellerophon (cast), Nati- 
copsis (large cast), Phillipsia Hichwaldi. 

Athyris ambigua, Chonetes Laguessiana, Rhyn- 
chonella trilatera, Productus semireticulatus, 
Spirifer glaber, S. ovalis, S. trigonalis, Spirife- 
rina octoplicata, Cypricardella Anne, C.rectan- 
gularis, Bellerophon Urei, Orthoceras Morrisia- 
num, Zaphrentis sp., Crinoid stems. 

Chetetes radians, Syringopora geniculata, Cy- 
athophyllum sp., Productus longispinus, tooth of 
Cochliodus. 

Discina nitida, Productus punctatus, Rhynchonella 
pleurodon, Orthotetes crenistria, Aviculopecten 
sp., Allorisma sulcata, Edmondia wnioniformis, 
Nucula gibbosa, Nuculana attenuata, Proto- 
schizodus axiniformis, Bellerophon decussatus, 
var. striatus, Pleurotomaria atomaria, Ortho- 
ceras sp., Fenestella sp., Crinoid stems. 

Chonetes Laguessiana, 
Orthis Michelini, Productus latissimus, Fene- 
stella and Crinoids. 

Pisces.— Gyracanthus spine, Psammodus porosus. 

Corals.—Lithostrotion basaltiforme, Cyathophyl- 
lumregium, Lonsdaleiafloriformis, Clisiophyllum 
sp., Chetetes radians, C. septosa, C. tumidus, 
Syringopora ramulosa, Cladochonus sp. 

Brachiopoda.—Dielasma hastata, Camarophoria 
erumena, Athyris plano-sulcata, Chonetes 
Buchiana, Lingula mytiloides, Orthotetes 
erenistria, Orthotetes crenistria, var. senilis, 
Orthis Michelini, Productus aculeatus, P. cora, 
P. fimbriatus, P. giganteus, P. latissimus, 
P. longispinus, P. punctatus, P. sinuosus, 
P. semireticulatus, Spirifer crassa, Sp. lineata, 
Sp. trigonalis, Sp. distans, Rhynchonella pug- 
nus, ER. reniformis. 

Lamellibranchs.—Allorisma suleata, A. monensis, 
A. variabilis, Edmondia suleata, EF. unioni- 
Sormis, Cypricardella Anne, Sanguinolites 
plicatus, Solenomya costellata, 8S, primeva, 
Pinna flabelliformis, 

Gasteropoda.—Dentalium ingens, Huomphalus 
pentangulatus, E. catillus, Leveillia Puzo, 
Loxonema sp., Macrocheilina acuta, Naticopsis 
ampliata, N. plicistria, Pleurotomaria alta- 
vittata, P. carinata, Gow., Bellerophon cornu- 
arietis. 

Cephalopoda.—Actinoceras giganteum, Orthoceras 
cinctum, O. suleatum, Temnocheilus pentagonus, 
Solenocheilus crassiventer ? 

Phillipsia EKichwaldi. 


Mr. J. Dunn, of Redesdale, and I have collected for several years in 
the neighbourhood of Redesdale—Mr. Dunn continuously—and the 


following results have been obtained. 


Most of the fossils have been 


submitted to various specialists, and the lists give a fairly accurate idea 
of the fauna found in the two beds, the Redesdale Ironstone and the 
Four-Laws Limestone above it. Both these beds are probably low down 
in the Melmerby Scar series, and correspond to the lower part of the 


LIFE-ZONES IN THE BRITISH CARBONIFEROUS ROCKS. 


215 


Massif of Carboniferous Limestone. They are low down in the zone of 


Productus giganteus. 


Brachiopoda 
Athyris ambigua . 7 
pea JROYSS1 | : 
Camarophoria crumena . 
Chonetes Buchiana - 
is Laguessiana 


Discina nitida 
Dielasma sacculus . 
Lingula mytiloides 
op scotica - 
»  squamiformis . 
Orthotetes crenistria 
Productus aculeatus 4 
cora . 
giganteus  . 


latissimus 


” . 
SD punctatus . 
ff scabriculus . 
es sinuatus ; 

“ semireticulatus 
“ spinulosus . 
3 undatus : 
Spirifer glaber “ . 
» lineata : 
»  ovalis 5 
»  Striatus . P 
»  trigonalis . r 


Spiriferina octoplicata 
“4 var. cristata 
Strophomena analoga . 
Lamellibranchiata 
Allorisma sulcata . : 
‘Cardiomorpha parva. 
Clinopistha abbreviata . 
s parvula : 
Conocardium aliforme . 
Ctenodonta undulata . 
“ levirostra , 
Edmondia arcuata . 
Lowickensis . 
Maccoyi ; 


9 oblonga 

‘3 Pentonensis . 

* rudis_ . S 

- sulcata . : 

A unioniformis. 
Modiola Jenkinsoni ; 


Parallelodon reticulatum 
Nycula gibbosa tg ; 


longispinus . | 


Redesdale Ironstone 
and Limestone 


| 
| 


eK KEKE KER 


* ¥ ke * 


* %& * % 


Four Laws Limestone 


* xe * % * * 


* eK KA 


* * *% * 


at the Coomb 


¥, Visétensis 
Sedgwickia ovata . 
Pinna flabelliformis 
», mutica : 6 
Actinopteria persulcata . 
Aviculopecten dissimilis 
Streblopteria Redesdalensis 
Gasteropoda 
|  ulima Phillipsiana 
Euomphalus pentangu- 
latus 7 E . 
Evomphalus cirrus. F 
Loxonema le Febvrei 
* rugifera 
Leveillia puzo - 
Macrocheilus acutus 
a imbricatus 
Murchisonia telescopium 
Naticopsis implicata 


5 plicistria 
Pleurotomaria alta-vit- 
tata . a 
Pleurotomaria inter- 
strialis : : 
Pleurotomaria decipiens 
(M‘Coy) . 


Platyschizma Zonites . 
Dentalium ingens . 
Bellerophon decussata . 
r Urei . 5 
Conularia quadrisulcata . 
Cephalopoda 
Orthoceras Gesneri 
annulatum . 
attenuatum . 
cylindricum . 
EF sulcatum 
Acanthonautilus bispino- 
sus. : 3 : 
Glyphioceras truncatum . 
4 diadema 
Stroboceras bisulcatum . 


” 
” 


” 


siventer ‘ 5 


Cf. Vestinautilus crateri- 
formis. 2 . . 
Crustacea 


Dithyriocaris glaber 5 


Sanguinolites v. scriptus 


|  Solenocheilus, cf. 8. cras- 


Redesdale Ironstone 


and Limestone 


Keke KK 


n 
“3 


Four Laws Limestone 


at the Coomb 


| 


=x Et %& & * 


* *¥ & 
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= Verneuilii os | Pisces 
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Sanguinolites clavatus .| * | Crinoidea 
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Report by Mr. J. T. Srosss, /.G.S., on his Work in the Pendleside 
Series, Castleton District, Derbyshire. 


This series forms a passage from the Carboniferous Limestone to the 
Millstone Grits, and the transition both downwards from the Grits and 
upwards from the Massif is strikingly shown in this district. The thick 
grits may be observed to get thinner (and finer in texture), whilst the 
intervening shales get correspondingly thicker in descending order till the 
basal sandstone is reached, when the Pendleside series terminates. 
Starting from the Massif upwards the intermixing of chert beds and 
limestone may be observed at Little Huckley, the upper limestones being 
black and unfossiliferous with thin (4 inch) beds of shale intervening. 
The limestones become separated by greater thicknesses of shales (as at 
Bradwell) and are frequently represented throughout the entire series 
either by their unfossiliferous bands, limestone shales, or bullion beds. 
Lithologically the series is very distinct, being typically black or dark- 
blue shales except the intervals measured by the limestone bands or bullions 
which weather a khaki colour. Towards the middle of the series the 
limestone bands pinch out laterally in a somewhat erratic manner, which 
detracts from their utility for stratigraphical purposes. 

The upper portions of the series are seen in good sections, notably at 
Mam Tor, the river Noe above Upper Booth and north of Hope, and in 
the stream called Harden Clough. In the bed of River Noe (which runs 
in the series from half-mile W. of Lee House to about a mile N. of Hope) 
the succession is somewhat difficult to make out owing to faulting and 
folding. The lowest members of the series may be observed near Bradwell 
village and, I think, in the bed of River Noe from below Edale Mill to 
% mile E of Booth. 
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It is somewhat remarkable that these shales should be so frequently 
found in the bottom of valleys, but this is no doubt due to their being 
easily scoured out by the streams. Unfortunately they are frequently 
covered by drift consisting of blocks of grit which have simply rolled from 
the upper ranges of the hills into the valleys below. 

The lithological succession in descending order is— 


( Thick grits. 
| Sandstones and shales. 
Shales, often micaceous. 
Shales with bullions and harder limestone-shales, the latter usually 
rich in fossils. 
Brown shales with large bullions and black limestones, 
Dark-blue limestones and very thin shales, 
Carboniferous { Cherts and limestones. 
Limestone | Massif. 


Grit Series 


Pendleside 
Series 


This succession is illustrated by the sections following :— 


1. Mam Tor, E. Face, towards Castleton. ‘ C’ and‘ D’ on 6" Map. 


Thickness Locality 
w 
OFZ Lowest thin sandstone. Base of 
grit series. 
16 0 Black thinly bedded shales. Posi- 
doniella levis (small). Whisealation of 
Pteri t 
Bullion bed. i hom sa 
(5 Black shales. of grit series 
Glyphioceras sp. PRE Nee eerie 
Bullion bed—no Goniatites foundin/ j.+eq between 
10 0 Dark shales, thinly bedded. LeeHouseand 
Edal H 
Blue shales, crowded with Pterino- (aes se 
LO pecten papyraceus (very large). < 
Posidoniella levis. 
Limestone shale, crowded with Pte- 
1 ainopecten papyraceus. ) 
Bullion bed. 
11 0 Black shales. 
Bullion bed, with Goniatites. 
8 0 Black shales. 
10 Limestone shales. Goniatites. 
Bullion bed. Goniatites. 
35 0 Black shales. 
Limestone shales. Athyris ambiqua. 
Teo) Pterinopecten papyraceus. Gly- 
phioceras spirale. 
3 0 Black shales. 
Bullion bed (2). Dimorphoceras 
10 0 calyx (numerous). 
Blue shales. Posidoniella levis. 
03 Layer crowded with Posidoniella 


levis, 
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2. Interval. Locality 


Blue shale. Posidoniella levis, and 
reed-like plants. 
Friable blue shale. 


Slickensided shale,showing cleavage. 
Blue shale, thinly bedded. 


Dark bituminous shale, ® Glyphio- \ Section ‘A’ on 


ceras diadema. G. spirale. 6” map. 
Black shale. Posidoniella levis. 
Dark shales. 

3. Section on River Noe, Locality 


Limestone shale. 

Black shale. 

Limestone shale. 

Black shale, weathering into flaky 
material, occasional small bullions. 

Limestone (black). 

Black shale, weathering into fine 
flakes. 

Black limestone. Barber Booth 

Black shale. —under figs. 

Black limestone. 818 on 6" 


Shale. 


Limestone shales, rich in fossils. 
Glyphioceras  bilingue. Fish. 
Pterinopecten papyraceus. 


Shales with bullions, 


Black shales. 
Black limestone. higas ates 


Black shales. contain very 
few fossils;| Between Bar- 


Eli terete, only an oc-| ber Booth and 


Black shales. casional fish ? Railway via- 
Chance band black] scale. duct. 
limestone. 


Black shales. 


Thin black limestone. 
Lustreless black band. 


Black shales, with occasional 
stronger layers. 


Limestone shales, thinly bedded and 
splitting easily. Fish remains, 
Posidonomya membranacea (large) 
numerous in lower layers. Gly- 
phioceras. Posidoniella levis. 
One fragment of Posidonomya 
Beeheri. 


Railway via- 
duct. 


Black shales. Posidoniella levis. 
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Locality 
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Thickness 
/ uw 


Limestone shales, thicker bedded 
towards base. 
Posidonomya Becheri (numerous in 
$, #'' layer). 
\ P. membranacea (large) numerous. 


OW * of Bs 
near viaduct 
on 6'’ map. 


13 0 


(Esti- 35 0 
mated) 


Thickness 
/ au 


3 


To BE oO 


(Esti- 

mate) 

from 
dip 


28 0 


‘Ss 
AULA AA 


P. membranacea (small) abundant 
in thin layers. 


Large-bullion bed. Section ‘T,’ 6” map. 


Thinly bedded black shales, weather- 
ing into fine flakes; no fossils ob- 
served. 


Strong limestone shales, compact, 
fine material; few fossils; occa- 
sionally Posidoniella levis. 

Ten feet thickly bedded limestone 
shales, which ring like a tile when 
struck with hammer. 

Six-foot shales with layers of Post- 
doniella levis. 


Bullion bed; bullions large, cherty 
crowded with Glyphioceras reti- 
culatum; weathered by water 
have a dull glaze; in centre of 
bullions is a thin layer 1’ which 
weathers white. This layer is 
parallel to bedding plane. 


Marked on 6" 
map. 


( Base of series 
seen in this 
( locality. 


Thinly bedded black shales. 


4, Section on River Noe. 
Locality 


Platy shales. 


Shales with reed-like plants. 

Limestone shales. Posidoniella 
levis. 

Hard limestone band. Posidoniella 
levis abundant. 

Green shales. <Actinopteria persul- 
cata (numerous). Plants (ferns), 
Neuropteris antecedens, Stur. 


Section ‘I’ on 
6’ Map. 


Interval. 


Limestone shales. Posidoniella 


levis. 


Black limestone. 


Limestone _ shales. Posidoniella 


levis (large and numerous). Back Tor 


Bridge. 
Black limestone. Goniatites. 
Cherty limestone. Plants. 
Black limestone shales. Posidoniella 
levis (small and numerous). 
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Thickness Locality 
, ” 
(Esti- 28 0 Interval ‘(see note on (5) Section 
mated) oP S)s 
from 
dip | 
12 XY Limestoneshale. Pteronites angus- \ 
2 tatus. Le Q’on6" Map. 
5 Shale rich in plants. J 
5. Section ‘ P’—1” and 6” Map. Junction of Stream from 
South and Liver Noe. 
Thickness 
/ ” 
Black shales. Posidoniella levis. 
Thin, laminated, sub-crystalline limestones. Phillip- 
2 6 sia sp.; Productus semireticulatus ; Chonetes 
* Laquessiana ; ? Spirifer glaber; Discina nitida; 
Glyphioceras bilingue ; ? Prolecanites compressus. 
Jago Thinly bedded black shales. 
Stronger shales. Orthoceras. 
G, Section at Bradwell (marked ‘ Lowest Shales’ on 1” Map). 
Thickness 
S62 @ Large bullion (4' diameter) in upper portion. 
5 0 W Brown, thinly bedded shales, Glyphioceras bilingue. 
11 Yio Black cherty limestone. 
(Esti- 30 0 Black shales. Posidoniella levis (numerous in 
mated) layers). 


Cherts and limestones. 


7. Section at Bradwell ‘I’ on 1” Map. 


eal Thickness 


5 KK “1 Black chert. 

i <3 yy Dark limestone: fine shell débris. Phillipsia sp, 
2 LMA Chert. 

2 0 a Dark-blue limestone. 


Chert. 


Notes on the Sections. 


From (1) section it will be seen that a fault (Downthrow, N.) occurs 
between the%main E.‘escarpment of Mam Tor and the scarp whose section 
is given. On the N. side of Mam Tor, the first 700 feet are drift covered, 
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In Harden Clough at the 900-foot contour line shales with reed-like 
plant-remains are found, frequently with coaly covering. About 30 yards 
above Harden Clough Farm may be seen a gritty shale with abundant 
Glyphioceras bilingue. About 25 yards below H arden Clough Farm 
there occurs a thin cemented shale with abundant Posidoniella levis. 
At the junction of this stream and River Noe a thin black limestone (1 inch) 
is found : this gives a vertical thickness of about 150 feet. 

The position of (6) section relative to the Massif may be calculated. 
It is taken in a stream 80 yards east of and parallel to the limestone and 
chert quarry in Bradwell Dale. The limestone and chert beds dip E. 
about 10°, and the shales are found dipping at the same rate and in the 
same direction, showing at this place perfect conformability between the 
two formations. These shales should then be about 30 feet above the 
chert beds, assuming the top beds of the quarry are the upper cherts. 

At the Wortley Mine, Bradwell, these lowest beds of the Pendleside 
series were sunk through by a shaft, and ‘the limestones and cherts were 
reached 40 fathoms (= 240 feet) from the surface.’ The shales and thin 
limestones on the spoil heap yield Posidoniella levis, (lyphwoceras 
bilingue, Discina nitida, Athyris ambigua, Rhynchonella trilatera. 

Fossil Zones. —Posidoniella levis is found practically throughout the 
series. 

Pterinopecten papyraceus is very much more common in the upper 
shales, and may be considered the commonest fossil in them. 

Posidonomya Becheri is a valuable fossil for zoning purposes. It is 
confined to about 12 feet near the base of (3) section, and is really 
abundant in a single layer less than 1 inch thick. Associated with it is 
P. membranacea, which is confined to the same beds and is abundant in 
layers in shales about 12 feet above and 3 feet below the rich P. Becheri 
zone. 

Glyphioceras bilingue characterises the lowest members of the series 
as seen at Bradwell, Barber Booth, and on River Noe, below Booth. 

Glyphioceras reticulatum has only been found here in the beds asso- 
ciated with Posidonomya Becher. 

G. spirale and G. diadema have been found in the upper middle beds 
of the series at Mam Tor and Peak’s Hole Water. 

Actinopteria persulcata and Pteronites angustatus have been found 
abundant in certain shales, in each case overlying plant-beds. They both 
belong to lower middle beds, and have only been seen at one horizon each. 

The association of fossiliferous limestone shales and bullion-beds calls 
for remark, as it is very commonly found that such shales immediately 
overlie bullion-beds. 

The survival of Phillipsia into the Pendleside age is worthy of note. 
It is fairly common in the sub-crystalline, thinly bedded limestones shown 
in section (5). 

In conclusion doubtful points may be referred to. The conformability 
of the Pendleside series to the Massif, as seen at Bradwell, has been 
mentioned above. Negative evidence in support of the same view is 
afforded by the fact that nowhere in this area does the Massif form an 
inlier with different horizons normally in contact. 

It is impossible to estimate the thickness of the series, as all the 
imeasures are not exposed. To sum up what may be seen— 
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(a) From top shales N. of Mam Tor to top black limestone . 150 feet (see p. 217) 

(b) Estimated thickness from base of (a) to top of (c). 2 AO a5 

(c) Thickness of section (3) . E : * ‘ ‘ - 140 ,, (see p. 218) 
330 : 

(d) Section (4) shows 74 feet, which is believed to be below (c) 

(e) Section (6) shows 36 feet 


110 feet 
Total thickness open to investigation, 440 feet. 


A List of the Fish Fauna of the Pendleside Limestones, with Remarks on 
the Hvidence which may be adduced from such List in support of the 
Systematic Position of the Rocks, By Epcar D. WELLBURN, L£.G.S., &c. 


Remarks on the List. 


On glancing through a list of the fossil fishes of the Pendleside Lime- 
stones, one is at once struck with the great similarity of the fauna to that 
of the Millstone Grits, and through them, to a great extent, to that of the 
Lower Coal Measures above. On the other hand, when we compare the 
list with that of the true Yoredales (Phillips) and the Mountain Lime- 
stones below, the great dissimilarity is at once apparent, there being a 
decided and great break in the fauna of the two groups of rocks, the 
dividing line being at the base of the Pendleside Limestones ; and this 
being so, in my opinion, the division of the Carboniferous rocks should be 
at the base of the Pendlesides, they being classed along with the Millstone 
Grits and Coal Measures in the Upper Carboniferous, whereas the true 
Yoredales and Mountain Limestones should constitute the lower division.! 

If we go into the matter more closely, and take the genera in the list 
and compare them with those found in the rocks above, we find that the 
following pass up into these rocks, but are not found in the true Yoredales 
and Mountain Limestones below, viz., Acanthodes, Marsdenius, Strepsodus, 
Rhizodopsis, Ceelacanthus, Rhadinichthys, Elonichthys, Acrolepis, and 
Platysomus. 

Again, the genera Cladodus and Orodus are very rare in the Pendle- 
sides and Millstone Grits, but very plentiful in the rocks below, and they 
appear to have rapidly died out and become extinct in the Upper 
Carboniferous rocks ; and yet again, although I have found the Lower 
Carboniferous genera Psephodus, Pristodus, and Peecilodus in the Millstone 
Grits (but not in the Pendlesides), still they (the teeth) are extremely rare 
when compared with the other genera, as I have only found a single 
specimen of each. They are also of small size—when compared with 
those found in the Lower Carboniferous rocks, where they are very 
abundant—and the fishes appear to have become extinct in the Millstone 
Grits ; as far as I know they have not been found in the Coal Measures 


above. 


Many of the fossils have been too fragmentary to be worth preserva- 
tion. A complete series has been sent to the Geological Museum, 


1 It is the writer’s intention to deal more fully with this subject later. 
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University College, London, where Professor Garwood has offered to 
exhibit and store them. Some few duplicates are still in the Secretary’s 
hands for purposes of comparison. The Lamellibranchs and Brachiopoda 
from Eccup, collected some years ago, have been determined and sent to 
University College. Very few museums, if any, possess specimens of the 
Pendleside fauna, and practically no fossils from the alternating limestones 
and shales of the Yoredale phase of the Carboniferous Limestone are 
exposed. 

The thanks of the Committee are due to Mr. R. Kidston, F.R.S., 
Dr. A. H. Foord, and Dr. Wellburn for work done on the collections, 
and for furnishing reports which are incorporated herein, and to Mr. J. 
Dunn for allowing me to make use of his collections in compiling the 
fauna of the Redesdale and Four Laws Limestone ; to Mr. J. Barker 
for similar help in Weardale. 

The balance of 5/. left over from last year has been spent, together 
with the greater part of the grant of 1U/. made at the last meeting, 
leaving only a few shillings balance. It is to be hoped that a liberal 
grant will again be forthcoming. The Secretary proposes that detailed 
work be commenced on the various limestone and shales of the western 
escarpment of the Pennine series, together with an examination of the 
quarries in the lower part of the Limestone Massif in Derbyshire, to 
ascertain if any fossils appear to be restricted to certain beds or horizons. 
The Secretary also hopes to obtain an accurate list of the Culm fauna 
of Devonshire, the similarity of the Pendleside and Culm faunas being 
most striking. 


The Movements of Underground Waters of North-west Yorkshire. — 
Third Report of the Committee, consisting of Professor W. W. 
Watts (Chairman), Mr. A. R. DwerryHouse (Secretary), Pro- 
fessor A. SMITHELLS, Rev. E. Jones, Mr. Watrer Morrison, 
Mr. G. Bray, Rev. W. Lower Carter, Mr. T. Farruey, Mr. 
P. F. KenpatL, and Mr. J. E. Marr. 


Prater II. 


Tue Committee is carrying out the investigation in conjunction with a 
committee of the Yorkshire Geological and Polytechnic Society. 

On referring to the last report of this committee it will be seen that 
on September 5, 1901, three quarters of a pound of fluorescein was put 
into the water flowing down Long Churn, near Alum Pot, at 4 p.m., and 
that a further quantity of three quarters of a pound was introduced at 
5.30 p.m. on the same day. At the time of writing the last report the 
outflow of this had not been observed ; but it has since been learned that 
it issued from Turn Dub, on the opposite side of the River Ribble, and 
close to the bank of that stream, on September 17. The water therefore 
took twelve days to accomplish a journey of 14 mile. 

The extreme slowness of the flow is partly to be accounted for by the 
dry weather which then prevailed ; but when it is taken into considera- 
tion that the water of Long Churn plunges down a very steep fall into 
Alum Pot, the total depth of which is some 300 feet, the gradient of the 
remainder of the stream is considerably reduced. 
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The Secretary was informed by Mr. Wilcox, of Selside, that the 
fluorescein mentioned above had been seen in Footnaw’s Hole prior to its 
appearance at Turn Dub. 

The relative positions of Long Churn, Alum Pot, Footnaw’s Hole, 
and Turn Dub will be seen by reference to the map (Plate If.) 

In dry weather Footnaw’s Hole appears as a wide cleft in the lime- 
stone, with sloping banks of silt and sand round two sides and precipitous 
limestone rocks on the other two. When the streams are in flood after 
heavy rain or during the melting of snow the water in Footnaw’s Hole 
rises to the lip and flows over down Footnaw’s Beck into the Ribble. 

Turn Dub is very rarely dry, while it is only in exceptionally wet 
weather that water flows from Footnaw’s Hole. 

Thus it would appear that Footnaw’s Hole is a flood outlet, and only 
comes into operation when the underground passage leading to Turn Dub 
is full and therefore unable to take the excess of water. As the lip of 
Footnaw’s Hole is just below the 1,225-foot contour, and Turn Dub just 
below that of 1,200 feet, there cannot be a fall of more than 25 feet from 
the former to the latter. 

Further, since in ordinary weather, when the stream is issuing 
from Turn Dub only, the water in Footnaw’s Hole stands some 20 feet 
below the ground level, it will be seen that there must be a siphon-like 
passage below the river ; and since this passage must be constantly filled 
with water up to the level of the overflow of Turn Dub, it will account 
for the very slow passage of the fluorescein over at least this part of the 
journey. 

Since the water passes beneath the River Ribble it follows that there 
must be some impervious cover, because if this were not the case the 
water of the underground stream would find an escape at the lowest 
point—namely, in the bed of the river—and would not, as is the actual 
case, pass under that stream and rise some 10 or 12 feet above it on 
the opposite bank. 

With a view to ascertaining the nature of this impervious cover and 
its thickness it was determined to carry out a series of boring operations 
in the alluvial flat between Turn Dub and the river, 

In the first place Turn Dub was sounded and found to be only about 
18 feet in depth. Now Turn Dub is a circular pond of still water, and 
although a large stream of water flows out there is no disturbance of the 
surface, nor welling up of the water apparent. This would lead one to 
suppose that the pool was much deeper than is actually the case. So far 
as could be ascertained by drawing the sounding-iron across the bottom 
of the pool, this consists of large boulders. This led your Committee 
to suspect that the cover consisted of boulder clay, and that the bottom 
of Turn Dub consisted of boulders, the clayey matrix having been re- 
moved by the action of the flowing water. 

The boring operations were undertaken with a small set of hand 
boring-rods provided with an auger bit. 

With this apparatus it was possible to prove that the bluish alluvial 
clay was underlain by a material consisting of a somewhat sandy-brown 
clay with many large stones, and in every way similar to the boulder clay 
of the neighbourhood, which in some places can be seen close to the river- 
bank. 

The presence of numerous boulders prevented the boring operations 
being carried more than a matter of 1 or 2 inches into the boulder 

1902. Q 


226 REPORT—1902, 


clay, so that it was impossible to obtain any definite evidence regarding 
the thickness of the bed. 

Further, although boulder clay was proved to underlie the alluvium 
on both banks of the Ribble, it was impossible to obtain evidence of its 
existence in the river-bed, as this consists of coarse shingle which could 
not be penetrated by the hand-boring apparatus. 

In order to clear up this matter satisfactorily it will be necessary to 
engage the services of a professional well-sinker and to have one or two 
boreholes put down by mechanical means, 


Investigation of the Streams tributary to, or in the neighbourhood of, 
Alum Pot. 


A series of small springs rises beneath the drift and peat near the 
wall at the north end of Whit-a-Green : these run together and form a 
small stream which sinks at P 34, a small pot-hole amongst long grass. 
Fluorescein was introduced here and reappeared in half an hour at a 
small opening some hundred yards to the south of P34: here the 
stream can be traced on the surface for 20 yards, when it again 
sinks. 

The fluorescein was put into P 34 at 4 p.m., and was traced the 
following day at 852; then overground to P 35, where it again sank 
to reappear at S 49; thence it flowed to P 36, and so underground to 
§ 50, finally sinking at P 41. 

The fluorescein sinking at P 41 did not affect any of the springs on 
Font Green, but was again seen in Footnaw’s Hole. 

This water must therefore go by a deep course, and eventually join the 
underground flow from Alum Pot to Turn Dub, vid Footnaw’s Hole. 

Whit-a-Green Spring.—This rises on the higher slopes of Simon Fell 
at a height of 1,600 feet, and flows over the surface of the rocks of the 
Yoredale Series till it reaches the underlying Carboniferous limestone at 
1,250 feet, where it sinks at P 29. 

A trial with fluorescein resulted in proving that this water flows out 
at 8 55 and falls into the middle opening of Long Churn, known as Dickon 
Pot, P 30, where it joins the main stream occupying that channel. 

The channel by which this stream flows can be traced for a consider- 
able distance by means of a series of openings to the surface, and it was 
found to be possible to actually traverse the tunnel throughout almost 
its entire length ; but the exploring party was eventually stopped by the 
roof coming down to the water level. 

Small Spring to the North-east of last (S 53).—There is never much 
water in this spring, and it is quite dry in seasons of drought. It 
probably derives its water from the peat at its head. 

The water sinks at P 28 and issues, as proved by a fluorescein test, 
at 8 55, along with the water from P 29. 

The underground junction of these two streams was afterwards 
traced, though it was found to be impossible to follow the whole length 
of the passage, the roof being too low, and there being deep pools of water 
lying in the bottom. 

It may be mentioned in passing that as this was a short run methy- 
lene blue was tried for the test, but although only a small quantity of 
water was flowing at the time it was not seen at 8 55; one-fourth 
the quantity of fluorescein, however, succeeded two hours later. 
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This, together with the failure of methylene blue to put in an appear- 
ance when used at Grey Wife Sike, as mentioned in the second report of 
this committee, demonstrates conclusively the superiority of fluorescein 
for purposes of this nature. 

Long Churn Spring.—This rises on the upper slopes of the fell and 
sinks on Borrin’s Moor at P 42, and after a very short underground 
course issues at S 57, forming, however, only a very insignificant part of 
that spring. 

The next series of experiments had for its object the discovery of the 
source of the bulk of the water at S 57. 

On examining the upper part of Alum Pot Beck it was found that a 
large part of that stream sank at P 33, and fluorescein introduced here 
was seen at 857 within an hour. 

P 26 was the next point of experiment, and by a series of trials with 
fluorescein it was found that the water flowed underground along a well- 
marked line of joint to P 43 a. 

This line of joint is well marked both by crevices in the clints and by 
a line of pot-holes, in some of which the water shows itself. It runs 
my. 18° W. 

At P 34a the water falls into another open joint, running N. 25° E,, 
which leads it to 8 51, whence it runs over the surface to P 43, again 
beneath the surface to § 40, and then on to 8 42 and P 37, where it again 
disappears. 

At the time of these experiments the greater part of the water was 
sinking in the bed of the stream at P 37 a, but a little was flowing on to 
P 37 near the old limekiln. 

Fluorescein put into the stream just above P 37a came out at P 38, 
where it again sank and reappeared half an hour later almost simul- 
taneously at S43 and 8 44. 

It was then traced to P 39, where it again went underground to issue 
at Font Green Spring, S 45. 

At P40 part of this stream sinks (the whole of it in dry weather) to 
reappear at S 46, and part flows over the surface, the streams wheu 
reunited forming Selside Beck, which runs through the village of Selside 
and on into the River Ribble. 

The above streams occupy a wide valley and would, with the excep- 
tion of Gill Garth Beck (P26 to P37), all drain into Selside Beck were 
they not swallowed into cracks in the limestone. 

There would appear to be two distinct sets of channels below Font 
Green—a deeper and a more superficial one. 

The water flowing by the deeper channel—viz., that from Alum Pot, 
Long Churn, and P 41—reaches the Ribble by way of Footnaw’s Hole 
and Turn Dub, while the shallower set issues on Font Green and joins 
Selside Beck. 

Many of the underground stream courses are accessible and may be 
followed for long distances with the aid of short ladders, provided the 
explorer does not object to getting wet and doing a certain amount of 
crawling in the less lofty portions. 

It was laid down in the two previous reports of this Committee that 
as a general rule the flow of underground water in limestone rocks follows 
the direction of the master joints, and this view has been strikingly con- 
firmed by several of the experiments which have been carried out during 
the current year. 
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It was seen that in the open passages in the neighbourhood of Alum 
Pot was an opportunity for putting this theory to the practical test by 
following the water step by step in its underground journeyings. 

With this object in view your Committee undertook to make a sur- 
vey of some of the more readily accessible channels, with the following 
results. 

A plan of the series of passages communicating with Long Churn and 
joining that opening with Alum Pot was constructed, and this will be 
published in due course by the Yorkshire Geological and Polytechnic 
Society. 

On this plan the directions of the principal lines of jointing have 
been marked for purposes of comparison with the direction of the 
caverns. 

It may be confidently said that there is a general parallelism between 
joints and passages, but this is by no means so close as was at first 
expected. 

To account for the want of parallelism between joints and passages 
it is necessary to study the evolution of one of these underground 
chambers. 

The joints in the limestone undoubtedly give the initial direction to 
the underground stream ; but as soon as a channel is formed sufficiently 
large to allow of a free flow of water, as opposed to mere soakage, a 
number of other forces come into play which tend to modify the direction 
so as to cause it to diverge somewhat from its original one of strict 
parallelism to the joints. 

For example, the dip of the rocks causes the erosion of the channel 
to be more severe on one side than the other—namely, on the low or 
‘down dip’ side—and where there are cross-joints the dip may tend to 
produce a lateral escape along one of these so as to give rise to a zigzag 
course. 

Up to a certain point the erosion in these underground river channels 
is entirely by solution, but so soon as the external opening becomes suf- 
ficiently large to admit sand gravel and boulders excavation by means of 
attrition comes into play. 

At this point in the history of a subterranean river zigzags are 
changed into sharp windings, which in their turn impart a swing to the 
waters in the straight parts, thus causing a series of windings to be set 
up in a manner similar to that which goes on in surface streams. 

As the external opening which gives access to the water increases in 
size, so does the amount of water flowing through the passage increase. 
An increase of volume means an increase of speed and a lessened ten- 
dency to winding ; at the same time the passage must be widened so as to 
accommodate the increased volume of the stream. 

The tendency at this stage is, then, to widen and straighten out the 
passages, and many are the deserted ‘ox-bows,’ both large and small, 
which may be seen in the passages. 

Some of these are small and situated at a considerable height above 
the floor of the main passage, while others of more recent formation 
are approximately at the same level as the water-bearing passage, a 
few of them still being occupied by a portion of the stream in times of 
flood. 

The condition of approximate stability is reached when the opening 
becomes sufficiently large to swallow the whole of the surface stream. 


Tllustrat 
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On the occasion of their last visit to the district your Committee 
hurriedly explored a cave which they had not previously seen, and are of 
opinion that it offers remarkable facilities for the further study of the 
development of underground watercourses, inasmuch as it exhibits tribu- 
tary and deserted passages in every stage of development and decay. 

In order to enable them to further prosecute the study of this most 
interesting question your Committee hopes that it will be granted a 
new lease of life, and therefore asks to be reappointed with a further 
grant. 

The members of the Committee wish to tender their thanks to Mr. 
Theodore Ashley, of Leeds, mine surveyor, who, though not a member 
of either of the committees, has given much time and care to the investi- 
gation. 


Photographs of Geotogical Interest in the United Kingdom.—Vhirteenth 
Report of the Comittee, consisting of Professor JAMES GEIKIE 
(Chairman), Professor W. W. Watts (Secretary), Professor T. G. 
Bonney, Professor E. J. Garwoop, Dr. Tempest ANDERSON, Mr. 
GopFrEY BinaLEy, Mr. H. Coates, Mr. C. V. Croox, Mr. J. G. 
GoopcuiLD, Mr. W1LLIaM GRAY, Mr Rosert Kipsron, Mr. A. 8S. 
Rem, Mr. J. J. H. Teatt, Mr. R. Wetcu, Mr. H. B. Woop- 
WarD, and Mr. F. WootnoucH. (Drawn up by the Secretary.) 


Tue Committee have to report that during the year 412 new photographs 
have been received, bringing the total number in the collection to 3,308. 
This is the largest number of new photographs ever recorded in a single 
year, and the annual average number of photographs recorded for each 
of the thirteen years of the Committee’s existence now reaches 254. 

The usual geographical scheme is appended. There are no new coun- 
ties in the list, but the following are now very well represented :—Cumber- 
land, Devon, Gloucester, Leicester, Somerset, and Westmorland, while 
Suffolk, Glamorgan, Banff, Fermanagh, and Sligo are beginning to be 
better illustrated. There are, however, several counties, many of them 
mentioned in previous reports, still entirely unrepresented in the collec- 
tion. 

Several improvements are noticeable in this year’s accessions. In the 
first place, instead of isolated photographs the Committee are receiving an 
increasing proportion of groups, each illustrating some special point, some 
defined area, or some particular piece of work. Thus Mr. Bingley sends 
a series illustrating Professor Kendall’s work on the Glaciation of the 
Cleveland Hills, recently published by the Geological Society. He also 
continues his Yorkshire Coast series and those from the Magnesian Lime- 
stone district. Mr. A. 8. Reid’s set shows the development of joint-caves 
by marine denudation. Charnwood Forest is the subject of most useful 
sets by Dr. Meadows, Mr. Harrison, Mr. Hodson, Mr. Coomaraswamy, 
and Mr. Levi. The Geologists’ Association excursions have also produced 
a Gower series by Mr. Coomdéraswamy, and numerous isolated prints by 
himself and other geologists. Professor Reynolds sends sets taken along 
_ a new railway in Gloucestershire, and groups from South Devon, Glouces- 
tershire, and Somerset, 
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ENGLAND— 
Cornwall . 
Cumberland . ; 
Derbyshire 
Devon 
Dorset 
Durham 
Essex 
Gloucestershire 
Hampshire 
Kent 
Lancashire 
Leicestershire . 
Middlesex 
Shropshire 
Somerset . 
Staffordshire 
Suffolk 
Surrey A . 
Warwickshire . 5 
Westmorland 
Worcestershire 
Yorkshire 
Others 


Total” < “ 


WALES— 
Glamorganshire 
Montgomeryshire 
Others 


Total 
CHANNEL ISLANDS . 
ISLE OF MAN . 


ScoTLAND— 
Banffshire 
Lanarkshire 
Orkney and Sh etland 
Perthshire 
Others 


Total 


TRELAND— 
Antrim 
Donegal . 
Down 5 = 4 
Dublin 
Fermanagh 
Sligo 
Others 


Total . . . 


Rock STRUCTURES . 
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Previous Collec- Additions 
tion (1902) Total 
42 8 50 
18 21 39 
4] 3 44 
135 40 175 
99 2 101 
ialal 6 117 
3 3 6 
24 27 51 
19 17 36 
T2 7 79 
67 1 68 
93 45 138 
3 4 7 
44 th 51 
47 19 66 
51 2 53 
10 11 21 
43 4 47 
38 1 39 
62 16 78 
19 i 26 
456 88 544 
215 _- 215 
1,712 339 2,051 
12 29 41 
10 1 pki 
172 —_— 172 
194 30 224 
15 — 15 
60 — 60 
4 7 iit 
if + 11 
1 2 3 
20 2 22 
279 — 279 
311 15 326 
226 13 239 
45 5 50 
86 2 88 
27 6 33 
4 1 5 
4 i 5 
116 — 116 
508 28 536 
96 — 96 
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ne ELLE E EEE GE 


Previous Collec- Additions 

aan tion (1902) Total 

ENGLAND. : = ; F 1,712 339 2,051 
WALES . ; - A a 194 30 224 
CHANNEL ISLANDS . P F 15 — 15 
IsLE OF MAN . ‘ ‘ : 60 —_ 60 
ScoTLAND > : : : 311 15 326 
IRELAND . A - 5 : 508 28 536 
Rock STRUCTURES . A y 96 — 96 
BIRT Sheet cat). lei POR 419 3,308 


To the same category belong also Mr. Harrison’s Isle of Wight se 
and his series illustrating Pliocene and Pleistocene rocks in Suffolk. 
The Croydon Scientific and Natural History Society, through Mr. Robarts, 
continues its illustrations of local geology, a work which in future will 
presumably be carried on by the recently inaugurated county survey of 
Surrey on a larger scale. The Philosophical Society of the University of 
Durham also sends, through Mr. D. Woolacott, photographs in continua- 
tion of its former work in its county. 

Mr. Welch is continuing his admirable task of illustrating Irish geo- 
logical features, and sends beautiful sets of platinotypes from Antrim, 
Donegal, Down, Dublin, Fermanagh, and Sligo. Mr. Watson contributes 
well-taken illustrations of Carboniferous trees. 

In the second place, an increasing number of photographs are now so 
well taken and from such advantageous points of view that they tell their 
own story and depend much less on description than hitherto. 

Again, the photographs are of a more serious geological character than 
ever before, and, although many of them are pretty pictures as well, they 
illustrate important and typical geological phenomena and features really 
worthy of record. In some cases new discoveries and facts very difficult 
of portrayal are attempted and with considerable success. 

Lastly, unusual care has been taken in the descriptions ; and although 
these undoubtedly impose a tax on the photographers’ time and patience, 
they add very greatly to the permanent value of the photographs. 

In addition to the larger sets specified above, especial mention should 
be made of the following :—Messrs. G. V. and H. Preston’s and Mr. Reid’s 
Cornish Raised Beaches ; Mr. Wrench’s examples of glaciation in Derby- 
shire; Mr. Monckton’s sets from Essex, Kent, Surrey, and Yorkshire ; 
Mr. Robinson’s pretty set from Yorkshire, and Mr. Metcalfe’s very choice 
trio from Antrim. 

To all the gentlemen mentioned above the very best thanks of the 
Committee are due, and also to the following, who have helped by contri- 
butions and other assistance: Mr. E. Pierce, Mr. Wheen, Mr. C. H. 
Topham, Mr. J. H. Baldock, Mr. W. G. Fearnsides, Mr. G. T. Atchison, 
Mr. W. J. Forrest, Mr. C. J. Watson, Mr. J. Barrowman, Mr. W. 
Beeby, and Miss M. K. Andrews. 

The Committee would be glad if all contributors would make use of 
local numbers as a key to their photographs. The method has several 
advantages. In addition to being a means of identification by the Secre- 
tary it enables contributors to recognise their prints in the list and to affix 
the B.A. number to their negatives. Also, if the number is placed right 
way up on the photograph, it affords a useful and sometimes needed guide 
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in mounting it. Butit has a further use, whichis much more appreciable 
now that the collection and accessions are so large, and that less acces- 
sible and less known districts are being photographed ; by grouping his 
numbers the contributor can help the Committee in the difficult task of 
grouping the prints for mounting, a most important thing when large 
series have to be dealt with from a district not personally known to the 
Secretary or his friends. 

Although a few photographs and slides for the duplicate series have 
been received during the year, notice of them is withheld for the present. 

The duplicate collection has been sent to natural history societies at 
the following places: Birmingham, Bristol, Croydon, Belfast, and Leeds. 

The first issue of the published series of geological photographs has now 
reached the subscribers. ‘Twenty-two prints and slides taken from nega- 
tives lent by thirteen contributors have been issued, accompanied by 
printed descriptions written by fourteen geologists. To contributors and 
subscribers the Committee wish to give their best thanks. The Secretary 
has received many kindly expressions of satisfaction from the subscribers, 
amongst whom are many foreigners living all over the world. 

It is hoped that the second issue will be complete within this year, as 
the selection has already been made and some of the work is in hand. 

Applications by Local Societies for the loan of the duplicate collection 
should be made to the Secretary. Either prints or slides, or both, can be 
lent, with a descriptive account of the slides. The carriage and the 
making good of any damage to slides or prints are expenses borne by the 
borrowing society. 

The Committee recommend that they be reappointed, with a small grant, 
and that Professor 8. H. Reynolds, Mr. A. K. Coomdraswamy, and Mr. 
J. St. J. Phillips be added to their number. 


THIRTEENTH LIST OF GEOLOGICAL PHOTOGRAPHS. 
(To Avaust 27, 1902.) 


This list contains the geological photographs which have been 
received by the Secretary of the Committee since the publication of the 
last report. Photographers are asked to affix the registered numbers, 
as given below, to their negatives for convenience of future reference. 
Their own numbers are added in order to enable them to do so. 

Copies of photographs desired can, in most instances, be obtained 
from the photographer direct, or from the officers of the local society 
under whose auspices the views were taken. 

The price at which copies may be obtained depends on the size of the 
print and on local circumstances over which the Committee have no control. 

The Committee do not assume the copyright of any photographs 
included in this list. Inquiries respecting photographs, and applications 
for permission to reproduce them, should be addressed to the photographers 
direct, It is recommended that, wherever the negative is suitable, the 
print be made by the cold-bath platinotype process. 

The very best photographs Jose half their utility, and all their value 
as documentary evidence, unless accurately described ; and the Secretary 
would be grateful if, whenever possible, such explanatory details as can 
be given were written on the forms supplied for the purpose, and not on 
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the back of the photograph or elsewhere. Much labour and error of tran- 
scription would thereby be saved. It is well, also, to use a permanent 
ink for this purpose. A local number by which the print and negative 
can be recognised should be written on the back of the photograph and 
on the top right-hand corner of the form. 

Copies of photographs should be sent wnmounted to W. W. Watts, 
The University, Birmingham, and forms may be obtained from him, 

The size of photographs is indicated as follows :— 


L= Lantern size. 1/1 = Whole plate. 
1/4 = Quarter-plate. 10/8 =10 inches by 8. 
1/2 = Half-plate. 12/10 =12 inches by 10, &e. 


E signifies Enlargements. 


* Indicates that photographs and slides may be purchased from the donors, or 
obtained through the address given with the series. 


List i, 
ACCESSIONS IN 1901-1902. 
ENGLAND. 


Cornwati.—Photographed by A. S. Rup, IZA., L.G.S., Trinity College, 
Glenalmond, Perth. 1/4. 


Regd. 
No. 
3255 (P.T. 5) Pendora Beach, Gerran Raised Beach. 1900. 
Bay. 
3256 Cer: 4) ” ” ” ”? ” ” 


Photographed by G. V. and H. Prusron, Alverne House, Penzance. 
*R. H. Preston, Penzance. 1/1 and 5/4. 


2880 (  ) Porthmeo Cove, Zennor . Granite vein intersecting and shifting 
another. 1896. 
2881 ( ; Porth Nanven Cove, St. Raised Beach. 1900. 
ust, 
2882 ( ) ” » » Raised Beach, looking N. 1900. 
2883 ¢ ) ” ” ” ” ” 8. ” 
2884 ( ) ” ” ” 99 bh] EK. 9% 
2885 ( ) ” %» »  *Head’ covering Raised Beach. 1900. 


CumBERLAND.—Photographed by Goprrey Binetey, Thorniehurst, 
Headingley, Leeds. 1/2. 


2886 (5622) Head of Dunmail Raise. Stream dividing on Cone of Dejection. 


190L, 
2887 (5623) Thirlmere,from Dunmail Moraine from Wythburn Valley. 1901. 
Raise. 
2888 (5624) ys > a Dunmail Raise in distance. ” 
2889 (5628) ThrelkeldGraniteQuarry. Jointing in Microgranite. ” 
2890 (5627) ” ” ” ” ” 7 
2891 (5629) ” ” ” ” ” 2 
2892 (5630) ” ” ” ” ” ” 
2893 (5631) a i si is Fe ” 
2894 (5655) Summit of Carrock Fell. Weathered Granophyre. ” 
2895 (5653) Eycott Hill . : . Hypersthene Dolerite. ” 


2896 (5652) ,  ,, » = 
2897 (5651) Great Mell Fell, Trout- Basement Beds of Carboniferous Lime- 
beck. stone. 1901. 
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Regd. 
0. 

2898 (5642) Honister Pass : 

2899 (5644) ‘5 

2900 (5637) Grange Bridge, Borrow- 
dale. 

2901 (5636) Grange Bridge, Borrow- 
dale. 

2902 (5634) Derwentwater 5 

2903 (5633) Syning Gill, Skiddaw 
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Looking down. 
» up. ‘ 
Striated voche moutonnée 


” ” ” ” 


Delta. 
Contact, altered Slate and Granite 


” 


Photographed by A. K. CoomAraswimy, B.Se., F.G.S., Walden, 


Worplesdon, Guildford. 


2904 (_ ) Seathwaite, Borrowdale . 


2905 ( ) Above Sty Head Tarn, 
Borrowdale. 

) From above King’s Head, 
Thirlspot. 


2906 ( 


1/4 and 1/1 E. 


Lateral-[Stream entering valley at high 
level. 1900. 
Block of ‘Snaky Ash.’ 1900. * 


Skiddaw and|Saddleback. 1900. 


DERBYSHIRE.—Photographed by A. WuEEN, Baslow, and presented by 


E. M. Wreneu, Park Lodge, Baslow. 


2907 (1) North-east corner of Chats- 
worth Park, 

2908 (2) North-east corner of Chats- 
worth Park, 

2909 (3) North-east corner of Chats- 
worth Park. 


1/2. 


Striz on Millstone Grit Boulder. 1900. 


Mammillated Gritstone Boulder. a 


” ” ” ” 


DEvoNsHIRE.—Photographed by Professor 8. H. Reynoups, I.A., F.G.S., 


University College, Bristol. 


2910 
2911 
2912 
2913 
2914 
2915 
2916 
2917 
2918 
2919 
2920 
2921 
2922 
2923 
2924 
2925 
2926 
2927 


(13) Near Rousdon 
(14) East of Rousdon 
(9) Near Rousdon 
(8) _» 
(15) Rousdon Landslip 
(10) Coast, near Pinhay . 
(11) Between Pinhay and Lyme 
(12) East of Pinhay . 
(16) Thvrlestone Sands 
(17) 
(20) Inner Hope, Bolt Tail 
Bek, 
(25) Batson Creek, Kingsbridge 
2)» : 
(21) Start Point 
(48) West of Torcross 


” 


2928 


2929 
2930 
2931 


2932 
29383 


(26), » . 


(22) Near Hotel, Torcross 
(28) Shore, east of Paignton 
(31) ” ” ” 


(29) Shore, near Torquay Station 
(30), 


” ” 


1/2 and 1/4. 


Cliff of Upper Greensand and Chalk. 1900. 
Upper Greensand andjLower Lias. 
Landslip. 


” 


Chalk, with hard foraminiferal lumps. 
Lower Lias and White Lias. 
Lower Lias. 


»” ” 
Permian Conglomerate. 
Unconformity, Permian on Devonian. 
Contorted Mica-schist. 


1901. 


Weathered ‘ Hornblende-epidote-schist.’ 
a contorted ‘ Mica-schist.’ 

Rugged weathering of Mica-schist. 

Quartz-veins. 

Contorted Quartz-vein. 

Weathered surface of contorted Devonian 
Rocks. 1901. 

Weathered surface of contorted Devonian 
Rocks. 1901. 

Igneous bands (?) in Devonian Slate. 1901. 

‘Head’ capping New Red Sandstone. ,, 

Marine denudation of New Red Sandstone. 
1901. 

Step-fault in New Red Rocks. 1901. 

Marine denudation along joints and bed- 
ding-planes in New Red Sandstone. 1901. 


Regd. 
No. 
2934 
2935 
2936 


2937 
2938 
2939 
2940 
2941 
2942 


2943 
2944 
2945 
2946 
2947 


2948 
2949 
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(37) South of Natural Arch, 
Torquay. 

(38) South of Natural Arch, 
Torquay. 

(86) Daddy Hole, Torquay . 


(39) Near Natural Arch, Torquay 

(45) Natural Arch, Torquay 

(42) Thunder Hole, Torquay 

(43) Meadfoot Bay, Torquay 

(34) Hope’s Nose, Torquay 

(44) ” ” ” 

(40) Top of north descent into 
Anstie’s Cove, Torquay. 

(41) Top of north descent into 
Anstie’s Cove, Torquay. 

(82) North of Petit Tor, Torquay 

(33) F a 

(35) Hound Tor Ridge, near 
Lustleigh, Dartmoor. 

(46) Near Lustleigh, Dartmoor 

(47) Near Foxworthy, Dartmoor 
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Coralliferous Devonian Limestone. 1901. 


” ” ” ” 


Ravine due to slipping of Devonian Lime- 
stone. 1901. 


Crushed Devonian Limestone. 1901. 
Inverted a 4 Me 
Natural Arch. op 
Cleavage and Bedding in Devonian. ,, 
Blocks at base of Raised Beach. of 


Contorted Devonian Slate and Limestone, 
1901. 
Faulted and shattered rocks. 


1901. 
Crushed Devonian Limestone. oa 
Rock-fall from New Red Sandstone. ,, 
Cleavage in Culm Grits and Slates. “4 


Hollows in Granite. = 
Weathered surface of Granite. a 


Dorser.— Photographed by Professor 8. H. Reynotps, I/.A., F.G.S., 


2950 


University College, Bristol. 


(49) Stonebarrow Hill 


1/4 and 1/2. 


Lower Lias. 1900. 


2951 (48) Black Ven, from the east . Lower Lias capped by Gault and Upper 


Greensand. 1900. 


Duruam.—Photographed by A. Binns and M. Dawson, of Sunderland, 
and contributed by *D. Wootacort, the University of Durham Phailo- 


sophical Socrety. 


2952 
2953 
2954 
2955 
2956 
2957 


1/2. 


(18) Parson’s Rock, Roker, near 
Sunderland. 


(21) Fulwell Quarries, near 
Sunderland. 

(22) Fulwell Quarries, near 
Sunderland. 

(28) Fulwell Quarries, near 
Sunderland. 


(19) Holey Rock, near Sunder- 
land. 

(20) Hendon 
Sunderland. 


Banks, near 


“Cannon-ball’ concretions in Magnesian 


Limestone, 1896. 
Concretionary Magnesian Limestore. 
1898. 
Raised Beach. 1898. 
oF detail. 4 


Caves in Upper Magnesian Limestone. 
1898. 


Lower Boulder Clay. 1896. 


Essrx.—Photographed by Horace W. Moncxton, 7.G.S., Harcourt 


8053 
3054 
3055 


Buildings, Temple, E.C. 


(1537) Grays Thurrock . 

(1538) 6 A ; 

(1589) Sockett’s Heath, north 
of Little Thurrock. 


1/1 E. 
Pleistocene Brick-earth. 1901. 
Plateau Gravels. os 


GuoucrstEeR.— Photographed by Professor 8S. H. Reynoups, IA., A.GS., 


2958 


University College, Bristol. 


(68) Redland, Bristol : 


1/2 and 1/4. 


Small slips above excavation on Hill-slope. 
1900. 
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(69) Brislington Cutting, Bristol 
(70) Chipping Sodbury 


(83) Railway Cutting, Chipping 
Sodbury. 

(84) Railway Cutting, Chipping 
Sodbury. 

(85) Railway Cutting, Chipping 
Sodbury. 

(86) Railway Cutting, Chipping 
Sodbury. 

(87) Railway Cutting, Chipping 
Sodbury. 

(88) Lilliput Cutting, Chipping 
Sodbury. 

(89) Lilliput Catting, Chipping 
Sodbury. 

(82) South-east of Yate 

(81) Mists realise) asin be 

(71) Leckhampton Quarry, Cots- 
wolds. 

(80) Leckhampton Quarry, Cots- 
wolds. 

(72) Leckhampton Quarry, Cots- 
wolds. 

(74) Leckhampton Quarry, Cots- 
wolds. 

(73) Leckhampton Quarry, Cots- 
wolds. 

(79) Leckhampton Quarry, Cots- 
wolds. 

(78) Cleeve Hill, Cheltenham 


Keuper resting unconformably on Pennant 
Grit. 1899. 

Highly inclined Upper Limestone Shales. 
1901. 

Lower Lias, White Lias, and Rhetic. 1901. 


is », With thin Limestones. a 
a »» White Lias, and Rhetic. ,, 
_ 


‘Sun-bed,’ Cotham Marble 
Rbeetic. 1901. 

Rhitic resting unconformably on Carboni- 
ferous Limestone. 1901. 

Trias resting unconformably on Upper 
Limestone Shales. 1901. 

Upper Limestone Shales and discordant 
Upper Keuper. 1901. 

Celestine in siti. 1901. 

Blocks of Celestine Crystals. 

Inferior Oolite. 1901. 


” ” 


1901. 


Current-bedding in the Cephalopoda Bed. 
1901. d 

‘Pea Grit’ resting on Cephalopoda Bed. 
1901. 

Weathered surface of Pea Grit. 1901. 

Oolitic Mar] of Inferior Oolite, 73 


Ragstone Series and Upper Freestones at 
base. 1901. 

Cephalopoda Bed, Pea Grit, and Lower 
Freestone. 1901. 


(76) as - Current-bedding in Cephalopoda Bed. 
1901. 
(75) . 4 Freshly broken surface of PeaGrit. 1901. 
(77) ss 7s Two small faults in Inferior Oolite. __,, 
Photographed by C. H. Topuam, 110 York Road, Montpelier, 
Bristol. 1/4. 
( +) Aust Cliff, R. Severn Rhetic Strata. 1901. 
bt » » Fault in Rhetic Rocks. fs 
ore ” “p Keuper. zi 
Gi y) es -s Gypsum, and weathering of Keuper. ,, 
ie Le » * Gy psum in Keuper. 5 


Hampsuire (IsLe or Wicur).—Photographed by W. J. Harrison, F.G.S., 


2980 
2981 
2982 
2983 
2984 
2985 
2986 
2987 
2988 
2989 


52 Claremont Road, Handsworth. 


) 

) 

) ” 
) Freshwater 

) ” My 

) 3 Bay 
) Compton Bay . F 5 
) Blackgang Chine . ; 
) ” ” fe! a 
) 


Niton 5 


LNLNLOSLOON ONL ON NN 


1/2. 


Chalk and Eocene Beds. 
Eocene Sands. 1902. 


1902. 


Chalk and Flints. ” 1902. 
Chalk. 1902. 
Wealden Beds. 
Lower Greensand. 


1902. 
1902. 


” ” 
Upper Greensand, cherty. 1902. 
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Best 

0. 

2990 (_ ) Niton Undercliff . . Upper Greensand, cherty. 1902. 
2991 ( +) Luccombe Chine . . Lower Greensand. 1902. 

2992 ( ) » » ” 9 

2993 (_ ) N. of Shanklin ; : x 7 

2994 (+) Stair Point, nr. Shanklin . ” ” 

2995 (  ) 5S. of Sandown. : . Wealden Beds. 1902. 

2986 ( ) *) - : ; 5 5 


Kent.—DPhotographed by Horacr W. Monckton, F.G.S., Harcourt 
Buildings, Temple, B.C. 1/4 and 1/1 £. 


2997 (1570) Railway Cutting, Orping- Woolwich Beds. 1901. 
ton. 

2998 (1568) S.E. Railway, between = 
Chislehurst and Orpington. 

2999 (1571) » »» ” 


Photographed by E. Pirrce, Balfour Road, South Norwood, and sent 
through the Croydon Scientific and Natural History Society. 1/2. 
3000 (7) Elmsmead, Sundridge Park, Blackheath or Oldhaven Beds. 1901. 
near Chislehurst. 


3001 (8) ” ” ” ” 


” 


Photographed by J.H Batpock, St. Leonard’s Road, Croydon, and sent 
through the Croydon Scientific and Natural History Society. 1/2. 


3002 (9) Elmsmead, Sundridge Park, Blackheath or Oldhaven Beds. 1901. 
near Chislehurst. 


3003 (10) ” ” ” ” ” 


LANcASHIRE.—Photographed by *R. Weucu, Lonsdale Street, 
Belfast. 1/1, 


3262 (R.W. _ ) The Owens College Block of Lake District Andesite dug up in 
Boulder, Manchester, Oxford Road. 1902. 


LEICESTERSHIRE—Photographed by W. J. Harrison, F.G.S., 
52 Claremont Road, Handsworth, Birmingham. 1/2. 


3004 ( ) Church Quarry, Wood- Brand Conglomerate, ‘Little Slate, and 


house Eaves, Charnwood ‘Trachose Grit.’ 1902. 
Forest. 
3005 (_ ) Looking S. from Wood- Triassic mantle over Archean Rocks. 1902. 
house Windmill. 
3006 ( ) Woodhouse Windmill . Woodhouse Beds. 1902. 
3007 ( +) Hanging Rocks, Wood- Lower Woodhouse Beds. 1902. 
house Eaves. 
3008 ( ) 2 45 Woodhouse Hornstones. 1902. 
3009 ( ) * *s Woodhouse Beds, above Slate-agglomerate. 
1902. 
3010 ( ) a Slate-agglomerate and Beds above it. 
1902. 
3011 ( ) + 55 Jointing of Woodhouse Hornstones. 1902. 
3012 ( ») 5 ii Banded Woodhouse Hornstones. 1902. 
3013 ( ») a Fe Lower Woodhouse Hornstones. 1902. 
3014 (_ ) Beacon Hill, W.end,look- Beacon Hill Hornstones. 1902. 
ing N. 
3015 ( ) Beacon Hill, centre of 3 8 A 


ridge, looking 8. 
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Heed. 
3016 (  ) Beacon Hill, looking E. Beacon Hill Hornstones. 1902. 
along top. 
3017 ( ) Beacon Hill, centre of = PB Pe 
ridge looking 8. 
3018 ( ) BeaconHill . : . Looking towards Broombriggs. 1902. 
3019 ( ) Broombriggs . 5 . Beacon Hill Hornstones. 1902. 
3020 ( “3 - ; : 4 9 - 
3021 ( ) Altar Stones, Markfield . Beds near Slate-agglomerate. 1902. 
3022 ( ) * is Slate-agglomerate. 1902. 
3023 (_ ) Rice Kocks, near Bardon Woodhouse Beds. 1902. 
3024 ( ) ” ” ” 7 
3025 (¢ ) ” ” » ” 
3026 ( ) 
3027 (_ ) Warren Hills(W.) . . Ageglomerates. + 
3028 ( ) os 2 . Slate-agglomerate and Hornstones. 1902. 
3029 ( ) ” . : ” ” ” ” 
3030 (_ ) Peldar Tor, near Coal- Cleaved ‘Porphyroid. 1902. 


Photographed by A. K. CoomAraswAmy, B.Sc., L.G.S., Walden, 
Worplesdon, Guildford. 1/4. 


3031 ( ) Hanging Rocks, Wood- Trias mantling the features of the ancient 
house Eaves. rocks. 1902. 

3032 (_ ) Charnwood Lodge Drive. Agglomerate at right angles to cleavage. 
1902. 

3033 ( ) 5 A Pt Agglomerate parallel to cleavage. 1902. 

3034 (_ ) High Sharpley. ; . Cleaved Porphyroid. 1902. 

3035 (  ) Mountsorre! Quarry. . Keuper Marl resting on rounded granite 
surface. 1902. 

3036 ( ) + + Terraced granite under Keuper Marl. 1902. 


Photographed by P, H. Levi, The Driffold, Sutton Coldfield. 7/2. 
3037 (_ ) Charnwood Lodge Drive. Cleaved Agglomerate, 1902. 


3038 ) i: 3 4 Agglomerate. 1902. 

3039 (_) High Sharpley. ‘: . Cleaved ‘ Porphyroid.’ 1902. 

3040 (_ ) Mountsorrel Quarry. . Terraced granite under Keuper Marl, 1902. 
3041 ( ) ” yo . ” ” , , 
3042 (_ ) Swithland Reservoir, Bud- Granite boss. 1902. 


don Wood. 


Leicester.—Photographed by *P. W. Wriaut, Quorn, and presented by 
Dr. Muapows, 33 London Road, Leicester. 1/2. 


8043 (_ ) Mountsorrel Quarry. . Terraced Granite under Keuper Marl. 1902. 
3044 ( ) 33 et . 


” 1” ” ” 


Photographed by G. Hopson, Loughborough. 10/8. 


3045 (_ ) Blackbrook, near Shep- Foundations of Masonry Dam, looking W. 
shed 1902. 

3046 (_ ) Blackbrook, near Shep- Foundations of Masonry Dam, looking W. 
shed. 1902. 

3047 ( ) Blackbrook, near Shep- Foundations of Masonry Dam, looking EK. 
shed. 1902. 

3048 (_ ) Blackbrook, near Shep- Foundations of Masonry Dam, looking E. 


shed. 1902. 
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Mippiesex.—Photographed by Horacrt W. Monckton, F.G.S., 


Regd. 
No. 
3049 
3050 
3051 


3052 


Harcourt Buildings, 


(1532) Tottenham Marsh, near 

. Higham Hill. 

(1528) Tottenham Marsh, near 
Higham Hill. 

(1530) Tottenham Marsh, near 
Higham Hill. 

(1531) Tottenham Marsh, near 
Higham Hill. 


Temple, H.C. 1/1 E. 


Stratified Valley Gravel and Sand. 1901. 
Alluvium of River Lea. 1901. 


” ” ” 


Stratified alluvium with shell-marl. 1901. 


SurRopsHIRE.—Photographed by W. G. Frarnsipes, B.A., F.GS., 
Sidney Sussex College, Cambridge. 1/4. 


3071 
3072 
3073 
3074 


3075 


3076 
3077 


(9) Mytton Dingle,Stiper Stones. 

(4) Shelve Church 

(7) Tasgar Quarry, near ‘Shelve. 

(1) Meadowtown, near Minster- 
ley. 

(3) Between Chirbury and 
Priestweston. 

(13) Shineton Brook. : 

(10) Carding Mill Glen, Church 
Stretton. 


Lower Arenig Rocks. 1902. 
Fossiliferous Lower Arenig Beds. 1902, 
Fossiliferous Upper Arenig Ashes. 
Llandeilo Beds with Ogygia. 1902. 


Hagley (Bala) Ash, with ‘ripplemarks.’ 
1902. 

Fossiliferous Tremadoc Rocks. 1902, 

Longmyndian Valley. 1902. 


Somerset.—Photographed by Professor 8S. H. Reynoxps, I.4., £.G.S., 
‘University College, Bristol. 1/4 and 1/2. 


3078 
3079 * 


3080 
3081 


3082 
3083 
3084 
3085 
3086 
3087 
3088 


3089 
3090 


3091 
3092 
30938 
3094 
3095 


(50) Below Beach Hotel, Portis- 
head. 

*(51) Below Beach Hotel, Portis- 
head, 

(52) Vallis Vale, Frome 


(53) 7 : 
(54) % ; 
(55) FS ne 
(56) z i 


(57) Spring|Cove, Weston-super- 
Mare. 

(58) Spring Cove, Weston-super- 
Mare. 

(59) Spring Cove, Weston-super- 
Mare. 

(60) Middle Hope or Woodspring. 


(61) ” ” 
(62) 3 , 


(63) Uphill Quarry, near Weston. 


(64) ” ” 
(65) ” ” 
(66) ” 
(67) ” » 


Ripple-marksin Old Red Sandstone. 1899, 
Thin-bedded Old Red Sandstone. 


Infilling in Carboniferous Limestone. 1900, 

Unconformity, Inferior Oolite on Car- 
boniferous Limestone. 1900. 

Unconformity, Inferior Oolite on Car- 
boniferous Limestone, 1900. 

Unconformity, Inferior Oolite on Car- 
boniferous Limestone. 1900, 

Unconformity, Inferior Oolite on Car. 
boniferous Limestone. 1900. 

Raised Beach on Carboniferous Rocks, 1901. 


Flow of Basalt overlain by Carboniferous 
Limestone. 1901. ° 

Lava resting on Carboniferous Limestone. 
1901. 

Carboniferous Limestone and associated 
Volcanic Rocks 1900. 

Calcite veining Carboniferous lava, 1909, 

Remains of Raised Beach adhering to cliff 
of Carboniferous Limestone. 1900. 

Cavities in Carboniferous Limestone filled 
with cave-earth. 1901. 

Cavities in Carboniferous Limestone filled 
with cave-earth. 1901. 

Cavities in Carboniferous Limestone filled 
with cave-earth. 1901. 

Cavities in Carboniferous Limestone filled 
with cave-earth. 1901. 

Cavities in Carboniferous Limestone filled 
with cave-earth. 1901. 
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SomeErsEt.—Photographed by C. H. Topuam, 110 York Road, 
Montpelier, Bristol. 1/4. 
Regd. 


No. 
3263 (_ ) Burrington Combe, Men- Carboniferous Limestone Valley. 1902. 
dips. 


STAFFORDSHIRE. —Photographed by G. T. Atcuison, 2.A., LL.B., 
Holnwwood, Sutton Coldfield. 1/2. 


3246 (26) Hints, near Tamworth . False-beddingin Bunter Pebble-beds. 1902. 
3247 (27) ” ” ” ” ” ” 


SurroLtk.— Photographed by W. J. Harrison, L.G.S., 52 Claremont 
Road, Handsworth, Birmingham. 1/2. 


3056 (_ ) Pakefield. : ; . Westleton Beds. 1902. 

3057 ( ) 8 : ; é 45 3 

3058 ( ) ay Mid-Glacial Loams and Sands. 1902. 

3059 ( ) > 3 Sands. 1902. 

3060 ( ) ai : : : : = ‘3 0 

3061 ¢ ) ” ‘2 = 2. ” ” ” 

3062 ( ) 9 . . . ” ” ” 

3063 ( ) Kessi ingland ” ” ” 

3064 ( ) * Chalky Boulder-clay above Mid-Glacial 
Sands. 1902. 

3065 ( ) Corton . : : . Sun-cracks on Boulder-clay. 1902. 

38066 ( ) , Forest Bed below Glacial Sands. 1902. 


Surrey.—Vhotographed by J. H. Barpock, St. Leonard’s Road, 
Croydon. 1/2. 


3067 (_ ) Railway Cutting, Thorn- Eroded surface of Oldhaven Beds covered 


ton Heath. by London clay. 1902. 
3068 (_ ) Railway Cutting, Thorn- Eroded surface of Oldhaven Beds covered 
ton Heath. by London clay. 1902. 


Photographed by Horack W. Monckton, 1.G.S., Harcowrt 
Buildings, Temple, B.C. 1/4. 


3069 (223) PitsnearCaterham Water- Oldhaven Pebble Beds. 1894. 
works. 

3070 (220) Pitsnear Caterham Water- 3 “e 4 
works. 


WARWICKSHIRE.—Photographed by A. K. CooMARAswAmMy, 
B.Sc., F.GS., Walden, Worplesdon, Guildford. 1/4. 


3096 ( ) Tuttle Hill Quarries, Cambrian Quartzite and Camptonite Sills. 
Nuneaton. 1902. 


WestMORLAND.— Photographed by GopFRry Binciey, Thornichurst, 
Headingley, Leeds. 1/2. 


3097 (5621) Dunmail Raise. . Moraines. 1901. 

3098 (5667) Grasmere 5 Delta. 5 

3099 (5581) Blindtarn Moss, Grasmere. <1 a 

8100 (5582) Easdale from near foot Roche moutonnée. 1901. 
of Tarn. 

3104 (5585) Hasdale Tarn,near Gras- Boulder and Moraines. 1901. 
mere. 
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Regd. 
No. 
3102 (£586) Hasdale Tarn, near Gras- Moraines. 1901. 
mere. 
3103 (5588) Easdale Tarn,nearGras- Delta. 3 
mere. 
3104 (5590) Easdale Tarn, near Gras- Moraines at foot'of Tarn. 1901, 
mere. 
3105 (5657) Greenburn Bottom, near Moraines. 1901. 
Grasmere. 
8106 (5658) Greenburn Bottom, near a is 
Grasmere. 
3107 (5659) Greenburn Bottom, near 4 % 
Grasmere. 
3108 (5660) Greenburn Bottom, near Fa eS 
Grasmere. 
3109 (5573) Rydal Water . Delta. 
3110 (5617) View from Fairfield Grasmere, Elter Water, and Coniston. 1901. 
3111 (5616) From Fairfield Rydal and Windermere. 1901. 
8112 (5599) Grisedale Tarn St. Sunday Crag and Ulleswater. 1901. 
WoRCESTERSHIRE.—Photographed by W. J. Harrison, F.G.S., 
52 Claremont Road, Handsworth, Birmingham. 1/2. 
3413 ( +) The Lickey Hills, from Cambrian Quartzite. 1902. 
Rubery Hill. 
3114 ( +) TheLickey Hills. . Manganese in Quartzite. 1902, 
3115 ( _) Rubery Hill, The ey Fault in Quartzite. 1902. 
3116 (  ) Rubery Junction of Cambrian Quartzite with 
Llandovery Sandstone. 1902. 
3117 (  ) Beacon Hill, The Lickey . Permian Breccia. 1902. 
3118 (6 ) ” ” ” ” ” 
Photographed by *Norman Kine, Malvern, and presented by 
A. K. CoomAraswimy, B.Se., F.G.S. 14/10. 
3119 (  ) Looking south from Wor- Malvernian summits in cloud. 


cester Beacon. 


YorksuHirE.—Photographed by Horack W. Monckton, F.G.S,, 


Harcourt Buildings, Temple, B.C. 


3120 (1490) Cliff south of Filey 
3121 (1550) Osgodby Nab and Car- 
nelian Bay, Scarborough. 
3122 (1552) Osgodby Nab and Car- 
nelian Bay, Scarborough. 
3123 (1553) Osgodby Nab and Car- 
nelian Bay, Scarborough. 


1/4. 


Twisted and slipped Boulder-clay. 
Nab, and landslip. 1901. 


1900, 


Landslip, from Nab. ,, 


= Boulder-clay. 1901. 


Photographed by Goprrry Bine.ey, Thorniehurst, Headingley, Leeds 
1/2 and 1 /4. 


3124 
3125 


3126 
3127 


(5857) The Peak 4 
(5903) Blea Wyke Point, Peak . 


(5899) The Peak, N. from Beach 
(5901) __—s, looking towards 
Robin Hood’s Bay. 
3128 (5858) The Peak, on the line of 
fault. 
3129 (5897) The Peak, Undercliff . 
1902. 


Estuarine Beds, Dogger, and Lias. 1902. 
Estuarine Beds, Dogger, and Blea Wyke 
Beds. 1902. 


Lower Estuarine Beds and Dogger. 1902. 
” "a » Dogger, and Blea 
Wyke Beds. 1902. 


Upper Lias thrown against Dogger and 
Estuarine Beds. 1902. 
Lower Estuarine Series, 1902. 


R 
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Regd, 
No. 
3130 
3131 
3132 
3133 
3134 
3135 
3136 
3137 
3138 
3139 
3140 
3141 
3142 


3143 
3144 


3145 
3146 
3147 
3148 
3149 
3150 
3151 
3152 
3153 
3154 
3155 
3156 
3157 
3158 
3159 


3160 
3161 


3162 
3163 
3164 
3165 


3166 
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(5882) Cliffs near Coastguard 
Station, Whitby. 

(5796) From Cliffs near Whitby 
Abbey to Saltwick Nab. 

(5797) Saltwick NabandWhitby 


(5798) Black Nab, Saltwick 

(5800), ; 

(5801) Saltwick. A . 

(5802) 

(5863) Sandsend Ness towards 
Whitby. 

(5864) Cliffs 8. of Kettleness, 
northwards, 

(5865) Cliffs S. of Kettleness, 
southwards. 

(5867) Kettleness . ‘ 

(5868) Cliffs near Runswick : 

(5877) Staithes Nab, or Col- 
borne Nab, 

(5879) Old Nab, Staithes , 

(5812) Moors between Goath. 
land and Egton Bridge. 

(5813) Moors between Goath- 
land and Egton Bridge. 

(5815) Scar Wood, near Goath- 
land. 

(5816) Scar Wood, near Goath- 
land. 

(5819) Moors between Goath- 
land and Egton Bridge. 

(5822) Moors between Goath- 
land and Egton Bridge. 

(5820) Moors between Goath- 
land and Egton Bridge. 

(5823) Moors between Goath- 
land and Egton Bridge. 

(5826) Moors between Goath- 
land and Egton Bridge. 

(5827) Moors between Goath- 
land and Egton Bridge. 

(5828) Moors between Goath- 
land and Kgton Bridge. 

(5829) Moors, North of Danby . 


(5830), * 
(5832), 5 
(BRRE)” : 
(5834), + 
(5835), 


(5836) Lealholme, near Danby. 
(5840) Fylingdale Moors , a 


(5841) %” ” 
(5842) ” ” 
(5843), : 
(5844) ” ” 


Boulder-clay banked against Estuarine 
Sandstone. 1902. 

Upper Lias capped by Dogger and Boulder- 
clay. 1902. 

Upper Lias and Dogger capped by Boulder- 
clay. 1902. 

Upper Lias and Dogger. 1902. 

” ” ” 


” ”» ” 
Upper Lias Shale, ” ” 
Oolite and Upper Lias. B 


” ” ” 


Old alum workings, ‘A 
Middle Lias Shales. 

a resting on Lower Lias. 1902. 
Upper Lias. 1902. 


Notches of Moss Swang Overflow and 
Castle Rigg Oxbow. 1902. 

Gorge of Wheeldale Beck (Murk Esk), 
1902. 


Wheeldale Beck (Murk Esk). 1902, 


” ” ” 


Randay Mere Overflow. 1902. 


” ” ” 


Purse Moor Slack, near Intake. 1902 

Moss Swang, looking to Intake from 
Castle Hill. 1902. 

Moss Swang, looking up towards Intake. 
1902. 

Intake of Castle Hill Oxbow from Moss 
Swang, 1902. 

Moss Swang, downstream from near Intake. 
1902. 

Ewe Cragg Beck. 1902. 

< upstream. 1902. 
downstream. ,, 

Intake of Ewe Cragg Slack at swampy 
watershed. 1902. 

Hardale Slack, Roxby Moor, downstream, 
1902. 

Hardale Slack, withdeserted Oxbow. 1902. 

Crunkley Gorge, a diversion of the Esk by 
Moraine Ridges. 1902. 

Intake of great Overflow Channel near 
Foul Sike. 1902. 

Foul Sike Channel, downstream. 

upstream. 

Biller Howe Dale, Overflow of Iburndale 
Lake, upstream. 1902. 

Biller Howe Dale, across Intake of small 
Biller Howe Slack. 1902. 


1902. 


Regd. 
No. 
3167 
3168 
3169 
3170 


3171 
3172 


3173 
3174 
3175 


3176 
3250 


3251 
3252 
3253 
3254 
3182 


3183 


3184 
3185 


3186 
3187 
3188 
3189 
3190 
3191 


3192 
3193 
3194 
3195 


3196 
3197 
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(5845) Fylingdale Moors . 
(5847) - A . ‘ 
(5849) #3 aw 4 ' 


(5850) Harwood Moor, Fyling- 
dale Moors. 

(5851) ” 

(5852) Seamer 
borough. 

(5853) Hagworm Hill, Seamer 
Moor. 

(5854) Forge Valley, near Scar- 
borough. 

(5855) Throxenby Mere, near 
Scarborough. 

(5856) Northof Throxenby Mere 

(6055) Gannister Quarry, Mean- 
wood Valley, Leeds. 

(6057) Gannister Quarry, Mean- 
wood Valley, Leeds, 

(6058) Gannister Quarry, Mean- 
wood Valley, Leeds. 

(5924) Whinskill, near Settle . 


” » 
Moor, Scar- 


(5925) 7 


” 


(5907) ‘Heading, Garforth Col- 
liery Sandpit. 


(5908) Garforth, near Leeds , 


(5910) Hope Hill Quarry,Kippax 
(5911) Town Hill Close, Kippax 


(5912) ” ” ” 


(5924)" Quarry near Saxton and 
Barkston, 

(5925) Quarry near Saxton and 
Barkston. 


(5785) Ashfield Brickworks, 
Conisborough. 

(5786) Ashfield Brickworks, 
Conisborough. 

(5787) Ashfield Brickworks, 
Conisborough. 


(5788) Near Conisborough 
(5789) ,, ” . 


(5791) Warmsworth, near Don- 
caster. 

(5792) Balby, near Doncaster . 

(5793) __,, % 5 

(5568) Rishworth Moor, Black- 
stone Edge. 
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Biller Howe Dale, below confluence with 
Foul Sike Valley. 1902. 

Brown Rigg, deserted High-level Channel. 
1902, 

Cloughton Moor Cottage, Overflow Channel, 
1902, 


Peat Cutting. 1902. 


” 
Moraine. B 


” ” 
Diversion of River Derwent, 


Partially artificial pool in Overflow Channel, 
1902. 

Small dry Overflow Channel. 1902. 

Fossil Tree in Coal-measures. ,, 


Roots in Coal-emeasures. 1902. 


Gannister, showing Fossil Fern, 1902. 

Perched Boulder (Silurian) on Carbo: 
niferous Limestone. 1902. 

Perched Boulder (Silurian) on Carbo- 
niferous Limestone. 1902. 

Magnesian Limestone and ‘Quicksand’ 
resting unconformably on Coal-measure 
Shales. 1902. 

Magnesian Limestone resting on ‘ Quick- 
sand,’ 1902. 

Lower Magnesian Limestone. 1902. 

Magnesian Limestone resting on current- 
bedded Sands. 1902. 

Lower Magnesian Limestone, with crack 
and subsoil. 1902. 

Magnesian Limestone, 1902. 


” ” ” 


Lower Permian Marls contorted and 
faulted. 1901. 

Lower Magnesian Limestone Escarpment. 
1901. 

Lower Magnesian Limestone, Clays, Marls, 
and Sandy Limestone resting on Coal- 
measures. 1901. 

Weathered Block of Magnesian Limestone. 
1901. 

Ridge of weathered Magnesian Limestone. 
1901. 


Lower Magnesian Limestone. 1901. 
Bunter Sands. 1901. 
,» False Bedding. 1901. 


Peat, about 4 feet thick. 1901. 


244, REPORT—1902. 


Photographed by W. J. Forrust, 13 Arlington Street, Bradford 1/4. 
Regd. 


No. 
3198 (  ) Green LaneSchools, Brad- Famlt in ‘ Better Bed’ Coal. 1902, 
ford. 


3199 ( ) ” ” ” ” ” J 


Photographed by A. H. Rostnson, T'routsdale, Hackness, Scalby. 1/2. 


8177 (  ) Lockton, North Riding . The Bridestones. 1902. 
3178 ( ) ” ” ” ” 


3179 ( ) ” ” ” ” 
3180 ( ) ” ” ” ” 
3181 (¢ ) ” ” ” ” 


Phatographed by C. J. Watson, Bottville Road, Acocks Green. 1/4. 


83264 (1642) Lister Park, Bradford . Carboniferous Tree and Roots. 1900. 
3265 (1644) Clayton, Bradford . . Stigmaria in sitd. 1900. 
3266 (1646) Horton Park, Bradford. Carboniferous Tree-roots, 1900. 


WALES. 


GLAMORGAN.—Photographed by A. K. CoomAraswdmy, B.Sc., F.GS,. 
Walden, Worplesdon, Guildford. 1/4. 


3200 (_ ) Near Bishopston, Gower. Dry Valley and Swallow-hole in Carboni- 
ferous Limestone. 1902. 
3201 ( ) ,, A 4 ‘ Daw-pit’ or Swallow-hole in Carboni- 
ferous Limestone. 1902. 
3202 (_ ) Tuit Hill, from Mumbles Carboniferous Limestone, with changing 
Head, Gower, strike. 1902. 
3203 (  ) Mumbles Head, Gower . Carboniferous Limestone. 1902. 
3204 ( ) “ » West End i - steep dip and 
nodular masses. 1902, 
3205 ( ) Mumbles Hill. : . Lenticle of Shale in Carboniferous Lime- 
stone. 1902. 
3206 (_ ) Mewslade Bay, Gower . Fossiliferous Carboniferous Limestone. 
1902. 
3207 (¢ ) -F os Ay - ‘Head’ over (Blown sand) Loam, Raised 
Beach, and Carboniferous Limestone. 
1902. 
3208 ( ») 5 ” om . Carboniferous Limestone Cliffs. 1902. 
3209 ( ) ” ” ” 9, ” ” ” 
3210 ( ) 45 ‘ ts Carboniferous Limestone, Rhosilly Down 
(Old Red Sandstone) behind. 1902, 
3211 ( ) 5 ie a . Carboniferous Limestone Cliffs. 1902. 
3212 (_ ) Bacon Hole, Gower. . ‘Head’ at mouth of Cave. 1902. 
Sala Df |, » looking in ‘ s iy rr 
3214 ( ) ,, 0 5 out . RoofofCave,Stalagmite, and ‘Head’ below 
it. 1902. 
3215 (  ) E.of Pwll Du Bay,Gower Raised Beach with Shells on Carboniferous 
Limestone. 1902. 
3216 ( ) Pr . a Raised Beach with Shells on Carboniferous 
Limestone. 1902. 
$3217 (  ) NearPenardCastle,Gower Old Red Conglomerate. 1902. 
3218 (_ ) Penard Pill, Three Cliff MThrust-fault in Carboniferous Limestone. 
Bay, Gower. 1902 
3219 ( ) Apprcach to Three Cliff Fault-arch. 1902. 
Bay. ; 
3220 ( ) Three Cliff Bay, Gower . Raised Beach Platform, with ‘Head’ and 
Raised Beach. 1902. 
3221 ( ) 8: seu 3s » . Angular ‘Head’ on Raised Beach Platform. 


1902. 
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Photographed by Professor 8S. H. Reynotps, M.A., F.G.S., 
University College, Bristol, 1/4. 


3222 (1) Penarth Head . : . Bands of Gypsum in Keuper. 1901. 

3223 (2) ” ” ~ = o ” ” ” ” 

3224 (3) Between Penarthand Laver- Lower Lias to Tea-green Marls. 1901. 
nock Point. 

3225 (4) BetweenPenarthand Layer- Lower Lias to Tea-green Marls. 1991. 
nock Point. 

3226 (5) BetweenPenarthand Laver- Fault in Trias. 1901. 


nock Point. 
3227 (6) Lavernock Point. 5 . Lower Lias and Rhetic Shale. 1901. 
3228 (7) ” ” . . ° ” ” ” 


MontaomEry.—Photographed by W. G, Frarnsipes, B.A., PGS, 
Sidney Sussex College, Cambridge. 1/4. 


3229 (6) Corndon, from Marsh Pool . Laccolite of Dolerite. 1902. 


SCOTLAND. 


Banrrsuirt.—Photographed by A. 8. Rut, I.A., F.G.S., Trinity College, 
Glenalmond, Perthshire. 1/2. 


3239 (T.R.14) Fiddes Fort, Troup Joints in Old Red Sandstone Conglomerate. 


Estate. 1900. 
3240 (T.R. 55) Cullican Beach, Fiddes Joints in Old Red Sandstone Conglomerate, 
Fort, Troup. Close view. 1900. 
3241 (‘T.R. 56) 4s + as Same joint as 3240, looking out to sea. 
1900. 


3242 (T.R. 57) ‘Devil's Kitchen,’ W. side of joint cave pierced through pro» 
Fiddes Fort, Promontory, montory. 1900. 


Troup. 
3243 (T.R. 1) ‘Needle’s Eye,’ Fiddes Interior of 3242. 1900. 
Fort, Promontory. 
3244 (T.R. 24) ‘Hell’s Lum, Troup . Blow-hole broken in along master-joints. 
1900. 
8245 (T.R. 23) Gardenstown . . Promontory cut off to form stack. 1900. 


Lanarxsuire.—Photographed by C. J. Warson, Bottville Road, Acocks 
Green, Birmingham. 1/4. 


$230 (1695) Partick . ‘ ; . Fossil Tree in Coal-measures. 1901. 
3231 (1696) A 4 A : . Coal-measure Forest. 1901. 


Photographed by J. Barrowman, Staneacre, Hamilton, N.B. 1/2. 
3232 (  ) Chatelherault Park, near Bedding and dislocation in Sands above 


Hamilton. the Coal-measures. 1902. 
3233 (_ ) Chatelherault Park, near Bedding and dislocation in Sands above 
Hamilton. the Coal-measures. 1902. 


PERTHSHIRE.— Photographed by A. 8. Rew, M.A., F.G.8., 
Trinity College, Glenalmond, Perth. 1/2. 


3248 (A.F. 4) Runnagour, Aberfoyle. Roche moutonnée, 1902. 
3249 (AF, 15) ” ” dy $) $ 
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SuETLAND.—Photographed by W. H. Busy, Hildasay, 
Thames Ditton. 5/4. 


Regd 
No. 
3234 ( ) NoupofNoss. .  . Old Red Sandstone. 1899. 
3235 ( ) ” 3) e e e ”? ” ” ”» 
IRELAND. 
Axtrim.—Photographed by A. T. Mercatre, F'.G.S., Southwell, Notts. 
1/2. 


3236 (G.A. 20) Tieveragh Hill, Cush- Tertiary Volcanic ‘Neck.’ 1901. 

i endall (distant view). 

3237 (G.A.19) Tieveragh Hill, Cush- RS 7 i 3 

: endall (near view). 

3238 (G.A.3) Portrush . . . Segregation veins ina Dolerite sill. 1901. 


Photographed by Miss M. K. Anprews, 12 College Gardens, 
Belfast. 1/4. 


8267 (71) Whitewell Quarry, Belfast Chalk traversed by Basalt Dyke. 1902. 


Photographed by *R. Wetcu, Lonsdale Street, Belfast. 1/1. 
8268 (R.W. 386B) Gobbins Cliffs, ‘Man-o’-War’ Sea Stack, resulting from 


; Islandmagee. weathering of dyke. 1902, 
8269 (R.W. 386) Gobbins Cliffs, Basalt. 1902. 
Islandmagee. 
8270 (R.W. 5166) Gobbins Cliffs, Basalt-flows, highly vesicular in uppet 
e-: Islandmagee. parts. 1902. 
3271 (R.W. 5168) Gobbitis Cliffs, Honeycombing in amygdaloidal basalt. 
Islandmagee. 1902. 


$272 (R.W. 5218) Cloughan Point . Raised Beach, general character at highest 
oint. 1902. 

3273 (R.W. 5217) ¢ WN; Raised Beach on tilted Trias. 1902. 

3274 (R.W. 5216) 2 u , st 5, near view 5 

3275 (R.W. 5219) Cloughan Harbour Chalk covered with Consolidated Gravels 
and Boulder-clay. 1902. 

$276 (R.W. 5206) Falls Road, Belfast Trias Sands overlain by Boulder-clay. 
1902. 


Donraat.—Photographed by *R. Wetcu, Lonsdale Street, Belfast. 1/1. 


8277 (R.W. 5223) Rosguill Peninsula, Granite, intrusive into Diorite. 1902. 
Rosapenna. 

8278 (RW. 5215) Melmore Mt., and Junction, Granite and Schist. ‘ 
Kitchen Midden, near Rosa- 

’ penna. 

3279 (R.W. 2274) Remnant of Lord Overwhelmed by drifting sand. ,, 
Boyne’s House, Rosapenna 

3280 (R.W. 2279) ‘Eye of Rosguill,’ Natural arch eroded in quartzites. ,, 
Rosapenna. 

3281 (R.W. 1484) Bunglass Cliff, Marine and sub-aérial erosion. ,, 
Slieve Liag. 


Down.—Photographed by *R. Wrucu, Lonsdale Street, Belfast. 1/1. 


$282 (R.W. 5213) Ballyhome . . Raised Beach, Oxides of Iron and Magnesia 
cementing some of the coarser Gravels. 
1902. 

8283 (R.W. 5212) Belfast Lough . Fossil-shells from Hstuarine Clays. 1901. 
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Dusuin.—Photographed by *R. WetcH, Lonsdale Street, Belfast. 1/1. 


Regd 

No. 

83284 (R.W. 5224) The Dingle, Car- ‘ Dry Gap’ in massive granite. 1902. 
rickmines, 

8285 (R.W. 5226) Esker, Greenhills, Irregular Bedding. 1902. 
Dublin. 

$286 (R.W. 5227) Esker, Greenhills, Ripple-drift in fine sand of sand pit. 
Dublin. 1902. 

3287 (R.W. 5231) Puck’s' Rocks, Slate and Quartzite crushed against 
Howth. Quartzite. 1902. 

3288 (R.W. 5230) Sutton, Howth . Boulder-clay resting on planed surface of 


Quartzite and Slate. 1902. 
8289 (R.W. 5232) Near the Bailey, Breccia of Quartzite and Slate cemented 
Howth. by Carbonate of Lime. 1902. 


FrrmanaGu.—Photographed by *R. Wetcu, Lonsdale Street, 
Belfast. 1/1. 


3290 (R.W. 5211) Gubbaroe Point, Water-worn Carboniferous Sandstone. 
Lower Lough Erne 1900. 
S1ie0,—Photographed by *R. Wetcou, Lonsdale Street, Belfast. 1/1. 


3291. (R.W. 5210) Bog at Grange, Peat, with Tree-roots in siti. 
near Sligo. 


Kesh Caves, co. Sligo.—Report of the Committee, consisting of Dr. R. F. 
ScHarFF (Chairman), Mr. R. Li. PRrarcer (Secretary), Mr. G. 
CorreY, Professor G. A. J. CoLE, Professor D. J. CUNNINGHAM, 
Mr. G. W. Lamp.iueu, Mr. A. McHenry, and Mr. R. J. Ussuer, 
appointed to explore Irish Caves. (Drawn up by the Chairman.) 


TuE Committee submitted to the Association a short interim report on 
the Sligo caves last year. The renewed grant received at Glasgow has 
enabled them to continue the excavations at Kesh, and to open several 
new caves near Ennis in county Clare. 

The following report on the Kesh caves is in the main by Mr. R. J. 
Ussher, who has been in charge of the operations, and who has devoted 
many weeks with most painstaking industry to this work. Professor Cole 
and Mr. Lamplugh, the latter having joined the Committee since the 
Glasgow Meeting, have incorporated some interesting remarks on the 
geological aspects of the excavations, while Mr. G. Coffey has furnished 
the descriptions of the human implements found in the caves. I myself 
have undertaken the determination of the mammalian remains, and I 
have to acknowledge the very kind assistance of Dr. Forsyth Major and 
Mr. E. T. Newton in naming some of the more critical bones, while 
Professor Stewart and Mr. O. Thomas gave me every facility to consult 
the collections in their charge. Mr. E. T. Newton has undertaken the 
determination of the numerous bird remains, and Messrs. Kennard and 
Woodward are preparing a report on the land mollusca. 

In the tabular statement at the end I have given a list of all the 
species of mammalia whose remains were discovered. The queries indicate 
that, although the species occurred in the layers marked, the fragmentary 
character of the remains was suggestive of their having accidentally 
dropped into that particular layer. 
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Kesh, or as it is locally spelled ‘Keash,’ is fifteen miles south of the 
town of Sligo, and consists of a few scattered buildings, with farms about 
them. The spot is at the foot of Keishcorran Mountain, an isolated mass 
of Carboniferous limestone which rises to 1,183 feet ; and the country 
which extends south and west from this mountain for miles from Kesh 
presents an array of gravel eskers and elongated mounds of glacial material, 
with here and there a small lake or marsh in the hollows between them. 
Sprinklings of erratic boulders and stones occur up to the very summit of 
the mountain. These consist principally of red sandstone, with a few 
of yellow sandstone and of dyke rocks. It is believed that these rocks 
could be found in place on the next hill range to the S. and S.E. of Kesh, 
around Lough Key, but this point has not been definitely established. 
Though no continuous deposit of drift was seen on the mountain, these 
erratic blocks are sufficient to show that it has been overwhelmed by ice. 

On approaching Keishcorran from Kesh one sees a grass-grown talus 
which extends up from the plain at a steep angle for several hundred 
feet. Surmounting this is a range of cliffs running along the mountain 
face like the gigantic walls of an ancient city. These are pierced along 
the top of the talus by a range of some thirteen caves. Towards the 
northern end of this series is a cavern whose large orifices, about 15 
feet high, can be seen for miles. The other caves are of various sizes, but 
the type which prevails is that of a vertical fissure enlarged downwards 
into an ‘A’ shape. The cliff which they penetrate faces 8. W., or 8. W. by W., 
and their direction is approximately parallel. These caves are intersected 
at various distances from their mouths by cross-fissures, which in several 
cases form connecting galleries from cave to cave. This feature is more 
or less common to them all. The whole system of excavations, in fact, 
clearly depends upon the jointed structure of the limestone. The great 
cliff is due to the flaking away of the mass along one series of vertical 
joints, and solution works along the same series within, and produces 
passages and fissures parallel to the face. The caves connected by these 
fissures have also been worked out by solution, acting along the second 
vertical series of joints which run in perpendicularly to the great cliff face. 
The general slope of the cave-floors is from within outwards, and the 
contained deposits are mainly the detritus and residue of the limestone 
eg with fallen blocks from the walls and roof, set in a soft calcareous 
tufa. 


Coffey Care. 


Our excavations were commenced in May 1901 at the mouth of one 
of the larger caves, which is about central in the series, and which we 
distinguish as the Coffey Cave. It has a lofty A-shaped mouth, and a 
large deposit of clay occupies its lower portion. The section made in this 
across the caye’s mouth disclosed the following deposits in descending 
order :— 

1. Surface soil of a blackish brown, containing charcoal, a tyne of Red 
Deer antler, the broken bones of domestic animals, and a few implements 
indicating temporary occupation by man rather than fixed settlement. 
The bones and implements are such as are commonly found in raths and 
erannogs, and the depth of this layer is from 6 to 12 inches. 

2. Breccia, consisting of limestone blocks and fragments fallen from 
the roof, in a deposit of calcareous tufa. This bed contained numerous 
land shells (Helix, Hyalinia, Clausilia) and bones of small mammals. 
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Among these the Arctic Lemming was numerously represented as well as 
in the next stratum. This is the first instance in which this animal has 
been identified as a former inhabitant of Ireland. A mandible has been 
referred to the Irish Stoat, though smaller than that of a Weasel ; and some 
canine remains have not yet been definitely identified. The depth of the 
breccia is from 1 foot in the centre increasing to 3 feet at the sides of 
the cave. 

3. Clay of a brown ochreous colour containing large blocks of limestone 
and numerous bones of small mammals (including Lemming), as well as 
a few of larger ones. At a depth of 6 feet from the surface a large 
glaciated block of limestone was found. 


Plunkett Cave. 


Owing to the difficulty of removing the numerous limestone blocks 
we searched for more promising ground and decided to work at a smaller 
cave, one of the most southern of the series, which opened at a somewhat 
higher level. We called this the Plunkett Cave. A lofty entrance 
narrows down to alow mouth, from 5 to 6 feet wide, and inside this 
the cave becomes much more lofty and widens at a distance of from 
12 to 16 feet from the mouth. It then forms a gallery 6 to 10 
feet wide which pursues a generally straight course, terminating at 49 
feet from the mouth. Before this termination is reached, however, a 
gallery branches off to the right, and this, after running some 20 feet, 
expands into a lofty hall, the Sloping Chamber, that has another branch to 
the left, parallel with the Plunkett Cave. We called this latter branch 
the Water Gallery. 

At the commencement of the operations no part of these galleries was 
completely choked, but all contained a considerable depth of deposits, 
chiefly of earths and clays, with blocks and fragments of limestone. 

The upper or surface stratum, which varied from 6 inches to 2 feet 
in depth, contained a large amount of calcareous tufa, and as we advanced 
into the inner galleries this tufa grew more and more free from earthy 
admixture, being in places as white as mortar. While a variable amount 
of calcium carbonate occurs in this deposit, its whiteness is in part due to 
the usual residue of siliceous particles that results from the removal of 
limestone in solution. Characteristic bipyramidal crystals of quartz are 
thus found in some parts; and in the Water Gallery a delicately spicular 
deposit occurs. A multitude of minute rods, sometimes set with knobs, 
are seen when the tufa is dissolved away in acetic acid. Dr. G. J. Hinde, 
F.R.S., who has kindly examined these for us, points out that they are 
crystalline and soluble in nitric acid. Their true character is still under 
consideration. In all parts of the cave explored by us this white stratum 
contained charcoal, sometimes in lumps and occasionally in horizontal 
layers, which formed distinct seams in our sections. In the most remote 
part excavated by us, the Water Gallery, there was a black layer of char- 
coal 1 inch deep, which extended from wall to wall, with a bed of white 
tufa above and beneath it, and at the bottom of the lower tufa there was 
more charcoal. Some pieces of peat were also found embedded elsewhere, 
which were probably brought into the cave for fuel. 

In the lower part of the upper stratum a large stone celt was found 
5 feet inside the cave’s mouth, the only evidence of,.neolithic occupation, 
and not far from it was a portion of a small iron saw of peculiar make, 
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resembling those found in Dunshaughlin crannog, and in the same vicinity 
a bronze pin with a ring attached to it. The upper stratum contained a 
second bronze pin at 38 feet from the mouth of the cave, and farther in 
again was a smalliron rod. Shells of marine Mussels repeatedly occurred in 
this upper stratum and also an oyster-shell, though the sea is now fifteen 
miles distant, and is not likely to have been much nearer in neolithic 
times. 

The human remains were few, and occurred chiefly near the Sloping 
Chamber ; but the bones and teeth of domestic animals were exceedingly 
numerous, and were found wherever the stratum extended. These were 
generally fragmentary and represented the species usually found in Irish 
kitchen middens, viz., horse, red deer, ox, sheep, goat, pig, and dog. 

Among the wild species represented in this upper stratum fox and 
rabbit were numerous, hare and red deer less so ; but an interesting find 
was a metatarsus of reindeer, which occurred in the gallery to the right, 
deep down in this stratum ; while charcoal was found lower down in the 
same deposit and in the same bench, each bench measuring 2 feet wide. 

In several parts of the cave the upper stratum contained bones of 
brown bear. These were found near the lower horizon of the deposit, so 
that in some cases they may have been lying on the surface of the clay 
which formed the second stratum where the deposition of the upper one 
commenced. In one case a bone of a bear was partly embedded in the 
upper stratum and partly in the clay. 

Bones of field-mice were numerous, as well as those of frog. 

The second stratum of clay, which also extended throughout the 
galleries of the Plunkett Cave, was brown, inclining to ochreous, more or 
less sandy, and contained numerous fragments of limestone and chert. 
Worn rounded pebbles were scarce in the clay, and occurred chiefly in 
or near the Water Gallery. 

The quartz sand in this yellowish clay seems to be truly detrital and 
of external origin ; it sometimes largely predominates over the clayey 
particles. The clay itself, however, probably arises from the decay of 
certain layers of the limestone, since it contains, and at times abun- 
dantly, the typical bipyramidal crystals of quartz. Its non-calcareous 
nature shows that it was deposited when solution was fairly active, while 
the upper tufaceous deposits indicate conditions favourable to stalagmitic 
growth, 

The presence of occasional worn pebbles of red sandstone in the interior 
of the caves might be explained on the supposition that the pebbles had 
been washed down pot holes and crevices from the hill above. The 
gravelly deposit at the mouth of the Plunkett Cave could not, however, 
be thus explained. It is too thick and too limited in area, and some of 
its contained boulders are too large to have been thus introduced, and 
there seems no escape from the conclusion that the gravel has been washed 
to the mouth of the cave from without. 

Some of the larger limestone boulders, especially those towards the 
top of the gravel, were undoubtedly glaciated (not only scratched, but 
exhibiting also the characteristic shape of glaciated blocks), and did not 
seem to have been worn or washed much since this glaciation. 

There is not enough drift on the mountain above to explain the 
presence of the gravel asa down-wash, even if the contour of the hill were 
such as to render a down-wash of this kind possible, which is not the 
case. The plain of drift, with its characteristic original moundy topo- 
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vraphy, lies considerably below the mouths of the caves, with a steep 
talus slope now separating them, and it is highly improbable that there 
has ever been a plateau of drift material so high as the mouths of the 
caves at any time since the disappearance of the ice. There seems, there- 
fore, to be no other explanation possible for the gravel deposit than that it 
has been washed into the mouth of the cave at a time when the ice was at 
least as high as the escarpment into which the caves are cut, and that the 
mouth of the Plunkett Cave was already an open passage at that period. 

Hence it becomes a point of much importance to determine whether 
the caves contain any deposits of older date than the glacial period, and 
this point deserves especial prominence in any future exploration. The 
yellow clay with chert, the lowest deposit discovered, is not a true 
‘boulder clay.’ It seems to be sych material as might be derived 
from the solution of the limestone mixed with sand and mud from the 
waters entering the cave from without. We were not satisfied that this 
clay was older than the gravel deposit. No fossils having as yet been 
found in the yellow clay, the question as to its relation to the glacial 
period is at present of geological interest only, and no paleontological 
point is involved. 

If a fossiliferous deposit were discovered below the yellow clay it 
would be of much scientific interest. That pre-glacially filled fissures 
may occur in the Carboniferous limestones in this country is shown by the 
presence of an earth-filled fissure overlain by boulder clay in a limestone 
quarry at Howth, which one of us examined recently, but without noticing 
any fossils in it. 

A block and cone of crystalline stalagmite were found in the clay in the 
Water Gallery, but these were the only examples noticed of this ancient 

‘form of stalagmite which had evidently been broken up in this cave. 

The lower portion of the clay seemed to be devoid of bones as well as 
of any relics of man, but in the upper portion of this deposit we found 
animal remains, including a human tooth ; and a little charcoal was met 
with in four different spots. This strongly contrasted with the abundance 
of the latter material, which was everywhere present in the upper stratum ; 
and even these few traces of it must be mentioned with caution, as 
burrowing animals may have penetrated into the clay, and thus might 
have transmitted into it some bits of charcoal from the upper stratum. 
Remains of domestic animals, so abundant in the latter, were virtually 
absent from the clay, a bone or two of ox and of goat being all the relics 
in it assignable to those mammals. The pig was, however, represented in 
four places. 

The characteristic animal throughout this stratum was the brown bear, 
whose bones and separated teeth numbered sixty at least, and occurred in 
all parts of the cave, becoming more frequent in the inner galleries. Fox 
was found in fourteen places, hare in seven, red deer in four, rabbit in three, 
wolf in at least one instance, and lemming once (at the entrance), while 
frog and field-mouse occurred repeatedly. 

We sank deep sections in several parts of the cave, with the result 
that it was found to narrow downwards and was filled in that direction 
with barren clay, which became yellow and tenaceous as the rock was 
approached in our excavations. Near the cave’s mouth large quantities 
of yellow clay were found, and it may be proper to treat it as a separate 
deposit distinct from the brown sandy clay. No drift stones have been 
noticed in the yellow clay. 
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It will be seen from this report that during the deposition of the 
upper strata the Plunkett Cave was inhabited for a long time by men who 
used domestic animals and marine molluscs, and had implements of iron, 
bronze, and polished stone, and who, in the earlier part of this period, 
were contemporaneous with the reindeer and probably with the bear. 

In the subjacent clay there are evidences, left during a previous epoch, 
that bears then inhabited the cave undisturbed by human intrusion. 


Tabular Statement of the Mammalian Remains (Preliminary). 


Surface 
Stratum 


Breccia Clay 
Pig (Sus serafa) . 
Horse (Zquus caballus) 

Ass (#7. asinus) . . 

Red Deer (Cervus elaphus) 
Reindeer (Rangifer tarandus) : . 
Sheep (Ovis aries) . : : F : +,| 
Goat (Capra hircus) . . 

Ox (Bos taurus). ; : 

Field-mouse (Mus sylvaticus) 

Rat (Mus decumanus) . é 5 : : 
Arctic Lemming (Dicrostonyx torquatus)  . | 
Rabbit (Lepus cuniculus) — . : f 

Hare (Lepus timidus =variabilis) . 

Bear (Ursus arctos) 

Dog (Canis familiaris) . 

Wolf (Canis lupus) 

Fox (Vulpes vulpes) : 

Badger (Meles tavus) . A 

Irish Stoat (Putorius hibernicus) . 
Man (/Zomo sapiens) 


| 
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Lirratic Blocks of the British Isles.-—Report of the Committee, consisting 
of Mr. J. HE. Marr (Chairman), Mr. P. F. Kenpati (Secre- 
tary), Professor 'T. G. Bonney, Mr. C. H. De Rance, Professor 
W. J. Sotuas, Mr. R. H. Tippeman, Rev. S. N. Harrison, 
Dr. J. Horne, Mr. F. M. Burton, Mr. J. Lomas, Mr. A. R. 
DwerryHovse, Mr. J. W. StatHer, Mr. W. T. Tucker, and 
Mr. F. W. Harmer, appointed to investigate the Erratic Blocks of 
the British Isles and to take measures for their preservation. (Drawn 
up by the Secretary.) 


Tue records which have been transmitted to the Committee during the 
past year come from only two districts. The Boulder Committee of the 
Yorkshire Naturalists’ Union continues its most valuable work over 
the entire county. Records which call for particular notice are the 
boulder of diabase at Aldfield, near Ripon (the most westerly point to 
which rocks foreign to the district have been traced), and the boulders 
of limestone at Escrick, which resemble some of the rocks of Swaledale. 
Carboniferous limestones rarely display characters by which their exact 
place of origin can be determined. 
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A visit paid by the Yorkshire Geological and Polytechnic Society to 
the Tweed Valley two years ago enabled members of the Yorkshire 
Boulder Committee to acquire a familiarity with some of the distinctive 
rocks of that region, with the result that the Haggis Rock, so well known 
to Scottish geologists, is reported from several localities in the east of 
Yorkshire. 

The interest of these observations is, however, eclipsed by a remark- 
able series of boulders noted by Mr. H. B. Muff, now of the Geological 
Survey of Scotland. Mr. Muff submitted to his colleagues, Messrs. 
B. N. Peach and E. H. Cunningham-Craig, a series of specimens of boulders 
from the country round Whitby, and among them were recognised rocks 
from the Southern Uplands of Scotland, such as Haggis Rock, Queens- 
bury grits, and radiolarian chert ; Old Red Sandstone conglomerate of 
a Scottish type and various volcanic rocks of which the source may be 
in either the Cheviots, Pentlands, or Ochills. The authorities quoted con- 
sider that it is unsafe to assign porphyrites specifically to the Cheviots, 
as rocks of the same petrological character occur as far north as the 
Ochills. The succeeding determinations show that there is no improb- 
ability in this suggestion, for they include a large suite of quite distinctive 
Highland rocks, namely, Leny grits, Highland schists of Perthshire, 
Moine schists, and Ben Ledi grits. 

Additional localities in Yorkshire are given for the Scandinavian 
rhomb_ porphyries, augite- and zircon-syenites, and the Secretary, 
Mr. Howarth, records a rock resembling the peculiar nodular gabbro of 
Imenes, near Grimstad. A very satisfactory identification is that by 
Mr. Stather of a boulder absolutely identical in structure and constitu- 
tion with the eleolite syenite (foyaite) of Kvelle, near Larvik. 

It is gratifying to be able to announce at this meeting the resumption 
of its work by the Belfast Naturalists’ Field Club. In past years 
(1895 and 1896) this society contributed most valuable and interesting 
reports to the Committee, and it is to be hoped that other organisations 
in Ireland will follow its example. The most noteworthy facts in the 
present report are, first, the very wide and general dispersal of the well- 
known riebeckite-eurite of Ailsa Craig. Out of forty localities which 
are mentioned in the Belfast society’s lists no fewer than twenty-six 
have yielded this rock. The schedules, carefully compiled by Madame 
Christen and now presented, give in a condensed and convenient form 
the results of a large amount of patient and minute research, and might 
well be adopted as a model by any societies undertaking a survey of the 
erratic blocks and allied phenomena of a new field of study. 

An appeal will be issued {n the coming year to the Scottish societies to 
take up the work of observing and recording the erratics of the country, 
so that at least their general distribution may be roughed out. Dr. John 
Horne has promised his active co-operation in the determination of the 
sources of boulders observed. 

An observation made at Dunbar during the present summer 
emphasises the necessity for guarding against the inclusion in lists of 
erratics of stones which have been transported by human agency. A 
block of zircon-syenite bearing a resemblance to a rock found at Larvik 
in Norway was found upon the beach ; a specimen was submitted to the 
officers of the Geological Survey at Edinburgh, and their opinion was 
unanimous that it was not a Scottish rock. Renewed search was made 
at Dunbar, which resulted in the discovery of twenty or thirty small 
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boulders of the quite unmistakable augite-syenite (laurvigite) of 
Larvik, and upon inquiry at the coastguard station the writer was 
informed that in the last ten years several Norwegian sailing-ships have 
been wrecked upon that particular piece of shore, so it may safely be 
assumed that these stones came as ballast. If they had been ice-borne 
boulders they would certainly have been accompanied by their invariable 
associates in the English glacial deposits, the rhomb-porphyries, which 
extend in Norway over a much wider outcrop than that of the laur- 
vigites. Flints of the type found in the south of England are also very 
abundant on the beach at Dunbar. 


YORKSHIRE. 


Communicated by the Yorkshire Boulder Committee. 
Reported by W. Grecson, F'.G.S. 


Aldfield, five miles west of Ripon.— 


1 diabase 11 in. by 7 in. by 5 in. 
600 feet O.D. on millstone grit. No angles. 


Reported by P. F. Kenpart, F.G.S. 


Escrick, near York.—Several boulders of a Carboniferous limestone 
containing many brachiopods have been found here which are quite 
unlike anything I know in the Craven area. Mr. W. Horn, of Leyburn, 
says they are different from any limestone in Wensleydale, and suggests 
Swaledale as their place of origin. A single specimen had previously 
been submitted to me from the same locality of a yellowish very crystal- 
line limestone, which I recognised as identical in colour and structure 
with that forming the matrix of specimens of Woodocrinus from the 
famous quarry near Richmond. The corroboration is interesting and 
may be valuable, as no distinctive Swaledale rock had previously been 
found in the Vale of York. The specimens were all found by Mr. E. M. 
Baines. 

Coxwold.—In a quarry beside Shandy Hall and in digging foundations 
for a house a little nearer the village the erratics consisted mainly of 
Carboniferous sandstone, limestone, and chert, with a few small boulders 
(up to about 8 inches in diameter) of Borrowdale andesite. A special 
search was made for Cheviot porphyrites with negative results. 

Kilburn.—At corner of a road } mile 8. of the village, Borrowdale 
andesitic ash containing many garnets. Roadside heap in the village, 
1 Shap granite. 


Reported by Rev. E. Mave Cots, I/.4., F.GS. 


Carnaby.—In digging a hole for a gate-post in the main street of the 
village on high road between Bridlington and Driftield. 


1 Whin Sill 22 in. by 19 in. by 12 in., polished and flat. 
The boulder now lies by the roadside opposite the blacksmith’s shop. 


Reported by H. B. Murr, B.Sc., F.G.S. 


The following boulders from East Yorkshire have been identified by 
B. N. Peach, Esq., F.R.S., F.G.8., and E. H. Cunningham-Craig, Esq., 
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B.A., F.G.S., of the Geological Survey of Scotland, to whom Mr. Muff 


submitted them :— 
Robin Hood’s Bay.—Several beach boulders of andesites, porphyrites, 


and lamprophyres of Old Red Sandstone age from the Cheviot, Pentland, 
or Ochill Hills. 


? Old Red Sandstone, Scotland, 1 specimen. 
‘Haggis’ Rock, northern edge of Southern Uplands of Scotland, 1 specimen 


in Upper Boulder Clay. 
Red Jasper (radiolarian chert), Southern Uplands of Scotland, beach 


boulder. 

Leny grits, Highland schists, Perthshire; 1 specimen in Upper Boulder 
Clay ; 1 specimen in beach boulder. 

Epidiorite, Highland schists, Perthshire; 1 specimen, beach boulder. 

Moine schist, Highlands, 1 specimen in Upper Boulder Clay. 


Whithy.— 


Lower Old Red Sandstone, Scotland; 1 specimen in Lower Boulder Clay. 
Ophitic dolerite (coarse), similar to the sills of Carboniferous age in the 
‘Midland Valley’ of Scotland; 1 specimen, beach boulder. ; 


Stonegate, Erksdale.— 


Queensbury grit, Southern Uplands of Scotland; 1 specimen; Leny Grits (?) 
1 specimen. 


Egton Brickworks, Eskdale,— 
Ben Ledi grit, Highland schists, Perthshire, 1 specimen in Boulder Clay, 


Most of these boulders have been sent to the Hull Municipal Museum, 


Huut Grorogican Socizry, 
Report of the Boulder Committee, August 1902. 


Barton-on-Humber.—Quarry in glacial gravels, 4 mile west of the 
town. Gravel consists mainly of local chalk and flint, but foreign rocks 
also occur as follows :— 


2 coarse conglomerates, 18 in. in diameter. 
1 glaciated basalt, 18 in. +s 
1 Cheviot porphyrite, 12 in. < 


Amongst the smaller foreign pebbles Cheviot porphyrites are the 
most common, but magnesian limestone (Roker type), greywackes 
basalts, Carboniferous limestones, and lias also occurred. 


Reported by Rev. E. Maute Coxe, I.A., F.G.S, 


Driffield, in the Highfield Quarry. 
Rhomb porphyry. 


Reported by G. W. B. Macturx, 


Bluestone Bottoms, near Little Weighton.—In this wold valley, at an 
elevation of 250 feet above O.D., numbers of drift pebbles occur, Cheviot 
porphyrites being especially abundant. 


Lo 
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Reported by JAMES FRASER ROBINSON. 
Wawne, near Hull.— 
Pebbles of augite syenite, rhomb porphyry, basalt, greywacke, Cheviot 
porphyrite, black flint and pink flint. 
Reported by THomas SHEPPARD, F.GS. 
Easington (beach), Holderness.— 
Shap granite. 8 in. by 8 in. by 8 in. 


Meaux, near Hull.— 


Quartzite 30 in. in diameter; pebbles of rhomb porphyry ; Cheviot porphyrite ; 
Carboniferous sandstone and dias, 


Reported by J, W. Starner, F.G'S 
Burstwick, Holderness.— 


Foyaite (Brégger), Kvelle, 5 in. by 4 in. by 4 in. 


Dimlington, Holderness.— 


Zircon syenite, 2 small boulders. 


Angermanland granite, 10 in. by 5 in. by 5 in, 
Coal-measure shale, with many Anthracosias, 6 in. by 4 in. by 2 in, 
Pebble of chalk, with plate of Marsupites ornatus attached. 


Middleton-on-the- Wolds.—In a gravel and sand-pit at west end of the 
village, 150 feet O.D., occurs: gravel consisting chiefly of water-worn 
chalk and flint pebbles, with a small percentage of foreign pebbles, 
including— 


Rhomb porphyry, coarse red granite, basalts, ganister and grits, many Cheviot 
porphyrites, lias (ammonites), 


Out Newton, Holderness coast.— 
Shap granite, 3 ft. by 2 ft. by 2 ft. 
Wykeham, Vale of Pickering.—In a sand-pit behind the Down Arms 
Hotel. 


A flint cast of Ananchytes ovatus. 


Reported by F. F, Wauron, £.GS. 
Aldbrough, Holderness.— 
Haggis rock. 


Hayburn Wyke.— 
Haggis rock. 


Hornsea, Holderness.— 


Rhomb porphyry with amygdules. 
Shap granite, 18 in, by 12 in. by (?). 
ditto 8 in. by 5 in. by 3 in, 
Bedded volcanic ash, probably Borrowdale series. 
Lower Silurian conglomerates, greywackes (Queensbury grits), &c. 
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Reported by Rev. GrorGcE Stryzez, IA. 


Giggleswick.—On Grammar School Cricket Ground the pavilion is set 
back into a glacial moraine containing numerous rounded to sub-angular 
stones. They include millstone grits, Yoredale grits and shales, Hardraw 
Scar limestone, Lower Carboniferous limestones, and Silurian grits. 


Norz.—This deposit and the worn rocks and roches moutonnées from 
the school buildings on to the Settle golf-links, by the Ebbing and 
Flowing Well, suggest an ice-flow coming over Buck Ha’ Brow. The 
moraine might, however, have been laid down by ice coming down 
Ribblesdale by Horton and Stainforth. Further evidence required, 


Reported by J. H. Howarru, £.G.S. 


Langcliffe, near Settle—In cutting for engine-bed at Mr. Christie’s 
mills by River Ribble through about 7 feet of top earth and drift with 
boulders, dark lower limestone 7m sitw exposed, finely grooved and scratched 
and very highly polished. Striz down valley. 


Reported by W. Sturson, F.G.S., and J. H. Howarrn, F.GLS. 


Mytholmroyd, Calder Valley.—In cutting for sewage drain by bridge 
over canal in village. 

Deposit containing many rounded boulders and fewer sub-angular. 
One to 2 feet of top earth. Boulders in sand 3 to 6 feet. Shales in situ 
below. 


Borrowdale ash, 4 in. by 3 in. by 2 in., and numbers smaller. 
Lake District andesites, few small pebbles. 

Eskdale granite, 6 in. by 5 in. by 2 in and 8 in. by 3 in. by 2 in, 
Ennerdale granophyre, 4 in. by 3 in. by 2 in. 

Buttermere granophyre, pebble. 

Rhyolite. 


This deposit is on the opposite side of the River Calder to that 
reported previously by Messrs. Simpson and Law, and appears to be 
water-laid or re-sorted glacial débris. 

Halifax, Calder Valley._In making a roadway and drains for develop- 
ing Willow Hall Estate between Sowerby Bridge and King Cross, Halifax, 
on the east side of the Calder Valley. 

575 feet O.D., and 275 feet above the river, deposit of clay plastered 
along valley-side from 3 to 10 feet thick, and lying on shales below the 
Rough Rock. 

The lower portion a stiff tenacious clay, almost stone-free. The upper 
a sandy clay, containing well-rounded to angular local rocks varying in 
size from pebbles to three or four large sub-angular blocks, the largest 
being 60 inches by 22 inches by 11 inches. 

Gristhorp.—On beach. 

Gabbro, similar to Imenzs, South Norway. 
Porphyrites (Cheviot type) abundant. 

Red jasper, Southern Uplands of Scotland. 
Quartz porphyry. 


1902, s 


258 REPORT—1902. 


IRELAND. 
Communicated by the Belfast Naturalists’ Field Club, 


Investigations into the Glacial Drifts of the North-east of Ireland, with 
Special Reference to the Distribution of Erratics and Fossils, Conducted 
for the Belfast Naturalists’ Field Club by Madame CuristEn, 
Miss Mary K. Anprews, and Mr. Rosert Bett. Microscopic Hxami- 
nations conducted by Mr. JosrpH Wriaut, /.G.S., and Miss SmyrHe, 
The Determination of Rocks by Professor GRENVILLE CotE, F.G.S., 
Prof. W. W. Warts, W.4., F.G.S., Mr. A. McHenry (Geological 
Survey), and Mr, J. St. J. PHruuips. 


The following schedule has been prepared as a summary of the most 
important results of several years’ work carried on by many members of 
the Belfast Naturalists’ Field Club, and includes stray records from 
localities not fully examined, which have nevertheless furnished data 
sufficiently important to be worth recording. Fuller details will be 
subsequently published in the club’s annual proceedings. 

Erratics.—The prevalence of Ailsa Craig eurite is remarkable : it occurs 
at twenty-six of the scheduled localities as pebbles on the sands at White- 
park Bay, Portrush, and Portstewart, on the shores of Belfast Lough, and 
in dredgings off Rathlin Island at a depth of 45 fathoms. Scottish rocks 
have been found in several deposits, and others whose parent locality may 
be either Scotland or Ireland. Basalts and other rocks too widely dis- 
tributed as rocks in the district to be of value in indicating lines of ice- 
flow have been omitted from the schedule for the sake of conciseness ; 
nor has it been possible in these limits to include the compass direction of 
parent rocks, which will be more easily understood by reference to the 
map,' where the distribution of a few easily recognised erratics has 
been indicated. The term ‘ loose strong drift’ is here applied to localities 
where the contents of boulder-clay cliffs have been scattered on the shore 
by the waves of the sea, as well as to loose drift, which is dispersed over 
headlands and mountains. No. 27 (Carronreagh Quarry) offered a solitary 
example of a peculiar rubbly deposit of angular fragments. Shells are very 
rarely found in the local drift, but microzoa, especially Yoraminifera, are 
widely distributed. Their occurrence in such elevated deposits as No. 3 
(Divis Mountain) and No. 7 (Cave Hill), and their absence from such a 
deposit as No. 32 (Killough) at sea level, is noteworthy. The boulder 
clays at No. 4 and No.7 are not typical deposits, being scanty beds of 
hard clay filled with angular fragments of chalk, flint, and basalt only. . 

This invasion of the north-east of Ireland by an ice-flow from Scotland, 
the ensuing conflict between Irish and Scottish ice, and the ultimate lines 
of distribution over Ireland, offer a fascinating problem barely touched 
upon in these researches, and urgently calling for further investigations of 
the drift deposits scattered throughout Ulster. 


1 The reference is to a map which will be published by the Belfast Naturalists’ 
Field Club, 


| 44 ; Ss 
32% £419 yBoury | 2 Se Se ae hae 
fos Ls : 
- @ wmocy ‘oo ie = | A Fe re 
> os JO 4svop ‘POM iS ah 2 o 
= SUIvIONO|! 9 te) | ) { FI at 
S x | I 9 , TA StANOp F 12 g | i) q 3 | 2 
= = | seq “q ‘edpug ussr[oD | = Sallyzs Db 5 fed 
S aes) 
al et | OT]8BOMONT ro) a|o8 8 eo) =| 7 
| ; reou ‘aspig Apoolq | = | ae a Go A 
| | : 
© (semyuodg pus § 2 2s | a | me | | 
| of (79998) SUTRIUNOPY SUINOTT | a Coe ale i=) SS a 
| tS) a Re SS 
| | 8 Arman 8 Sag 5 a A 
| 7 2 = 
| le s) (2 gi 
| _ exoUI0I LS Sa AS 5G, 28 
~ — — = ES 
AS uOTJOUN  WAOISHOOD ‘UBS | o } a = 
: : | ao O =| ee | = 
i 3 -anpAyeq pur ysnosumnaq | = NH os 5 3 ‘A, il oh el 
$s 
2 & z : 14 r 
a | i ie) 3 cA iA 
i ) Saag: Tau “TayYSNVAyry | 3 ASS Ss = 7 a a 
be 
8 S wasp eau ‘ouepy 5S RS ole as a fe | 
a 8 gu ba @ & guaes 
on 3 
nS 5 2 Mi 
a Se ee 


/. an Ss ——- el ee. a p =~ a 


ADDREVIATIoNs,—Boulder olay=B.C, Glacial Gravel=G.G. Sand and gravel=8.G. 100K stony drifts=St.D. Stratified =Str, Unstratifed=(n, Whole W. Fragmentary—Frog. Foraminifera = For. 
*Satumeodi = Ost. Examined for shells and microzoa, but nonefounde Nil. Granite=Grnn, Cretaccous=Cret. Basalt=Bas, Carboniferous Limestone =Carb, L. Ordovician = Ord, or 


= County Auteim County Down 
Number referred to i 1 ‘ | Sn Career a ailgace aS 7 alesse (esa 
Numb © in Sohestules Esl Soars | a | io") iy Ce a Pe Ce | PB (PR ea es cu LEB EIR || CEES a6 | a9 | 
= =a lie=al | Vesea| nilediel “e | ga\e. = 2 1) Geel el oe ed 
3 = eee ig | ea See i Seeger | eels si les 4 Ealici g ; 
ae Sn eles F ls, Bat} 4a 2{ }| zi aele |e | 29| 2 NE & ay |e &_| 4 | a3|= 
2/3/38 =/3 ¥ 3 | 82 | 5 = | 3 3 | 22/9 eT Ha) ee on i | 2 2 | S3| = sa | 
bse ett leach tf a a|ee| | ¢ | FS) ee | 2 8 | ge|a2|43| eo | od) 2 | & | gs) Sz] 23] ¥ Se) a] es 35) gs) 43| 3.) 2 
ee eva rldleele sel ec lcel el ile |S del gal alle) eleelel#l: we) 2 | 2) | dele) sel S8! 8 
ca 3 2| 3 = Ey Bie A 4 a ga) 3 a | % s|\z | F 5 ga |g 
lag] =| a] 2 g) 22 |3e! | 85) 2/4 ¢| 2) 28| a8 a FA me 2 | 2 | "| es ao | 8 a¢|4| 4) 2 af S| a8 Bale 
gt 2 | Als 12 eag|ultls |e) Fl asias/2 | § 3 € ja |e | 2 g | 2 eal P| ae) 2) & 
| Sx 3 asl ecten ia EGR vec hal et a i : | 2 3 \4 3 |4 = 3 | 
3 = Pe Rooter: ae lle el) =) a aels | | 2 J is = 2 & r} a 2 a 25 | 
i is anda rennil | % NG 7 75 | 1 100 | ax7 to 500 to) 100 | Ci | OD. | = ra bse sal be —— 
Height above ordnance datum (in feet) . me 500 900 800 | 450 «140 | 166 100 ee wo 7 | Oo, D. | 7 | 825 | 200 | 68 | 150 | 300 aa ce Cie 200 | 200 | OD, 0.D. | 0.0. 25040) 300 | 90 Cir 100) | are lows ans 
33 | 
“ ' 1,400 | | 
Sheet in Geological Survey map=1 inch ordi a a6 0 98 | | a6 a1 | 38 | a1 | 20 | 28 | 27 | 20 | 19 | 8 | 8 87 6 
Sheet in Got ordnance survey eee at Wena M4 al tps Hf a a rt = | | — | 33 | 47 eed CE el ake EE eal lp rea eu a ree a go | 160) | st ula 
Nature of drift (for abbreviations seeabove) . | B.C.| B.C. BO.| 8G.) BO. BC. | BC DG. BO. Bi ee BO. St.D.) B.C. | GG re BED BO. | BC. BC.) BC | Bo.| sev.|sG.| Be. |stD.| Bo, 
St.D. 
| SG. | 5 | | 
| tif iti inti vo). | | | ue, | Un. | Gn, | Ste | Un | Un. | Gn. | Un. | Gn, | Str, | Un. | Un. | Un. | Un. 5 1 
Stratified or unstratified (for abbreviations see above). | ‘Un. | Un. | Un. | Ua, | str. | Un. | Un. | Un. | Un. n jae | 1 Bi | ge, | O% | Ua | Ua. | Ur. | on, | Uo, | vn. | Une} Un. | un. | un. | sis | on. | on. | un, | 
| = a 4 Un. | 
Underlyingrock . . . . . . . . Trins| Bas. | Bas. Bas. | Ord. | Lins | Vas, | Has, | THas Das. | Trias | Trias | 1% Chalk} Chalk} Bas. | Bas. | Bas. Bas, | Carb. Bas. | Trias | Trias | Trias | Trins | Trias Catt, | Ord. | Ord. | Ord. | Ont. | Ora. | bas, {Ora 4| ora, Gran.| Ord tes | 
| I fa ¥ oy 4 F + va | i | 5 | | a * 
Fossils: Shells - «| Ni | Nil | Fry | Nil | Ni | NM ONil | Nil Frag. W.and — Wand Nil) Nil! Nil | Nil | Nit | Nil | Nit | Nil | Nil.) — Wand) Frag. Nit) Nit | Nil | Frag. | \erag.| Nav | wit | sv) san (o2”| on | eS 
s.| Nil | Sw) Nit j= 9) a}, — os 
of mol | Frag. Frag. | | | Frag. | | | Ca it | | 
. a | | it | 5 | | 1 
Microsos- 6 = ss ess | NON aa Bor.| — | — aa Yor. | Yor. | For. | For.| — | For, | — — | — | Nil} Nit = -j— = For. — ees Ni | — | For.) — | ¥en} A, | — Wor Nike eel TLV Dra Seal 
| rl | | lan Pete ees tein baal 
Redeposited fossils jon] — | — |e | Nite Garb. | =) =| = | eins) = | = frie = = | — | = | = | = | foro) — ) = | = | = |ntes Jars. | om] — | — pee) ee | a |e ee | 
be | hers | rab | | Carb. | | 
} Creu * | | | | 
Bored stoves = = as couhie of atenen| efi P= | a mad PS clin ged et eal Yom fea ea |r| eel | ea — | - = ll | a a Se = 
rratics: proportion in given number of stones} | 00in|62in| | 17 in 800 in| 100 in 40 in By| = 53 in 19 in| 197 in| 90 in| 68 i 1004 i i Shel) 2) = 
| selected at random of all sizes J 64 | 100 100-300-100 — | $38 7 | Hee Leseeh Psa) RD CGT Rae hate ta VSM oi Pat Pe 30 | 100 | a | 100 = ae | 7 "0" A) = 
"© Clay frum one oat of thew was examlonl. aay we ih. ie >. a os —= = ——_t___| 
Parent Localities of Heratics. ~The mark = indicates thoir occurrence in the drift of scheduled localities, ‘The figures after rock names signify several types found. 
Nos. of localities in above Schedule ee (Pell Ose hele) ‘| 6 |e] 7] #1 o | x0 | a) as) io {as | w | a6 | a7 | ae | 39 | a0 | 21 | 22 | v3 | 4 | 25 | 26 | a | 28 | 29 | go] at | 3 ] a6 | a7 | 38 | 39 | 0 
| i | i= in rs ee ee Fra be ii iaerl rae if i | Be, 
| SCOTLAND. | | | | | | | | | | | | | | 
| | | | } 
: I. Atisa CRatc: Riebockite-enrite . = ac (ese) Seni Msc ft ecm ame IG el se a) Sal eillh ex eed eet la Neigh co Ike (GMa ie Mt — || IN on Ui | Poirot! Ml |e 
: IL. Ciype Ana: Porpbyrites (2 types) - x | | | | | | | | | 
: Earites(2types) . 5s Se 8) a ep —|/—j;—|—]|- 5 = oe ee | 2 « | | | | | 
Felsites (2 types) - A |) Sj SE) =) SS} =|) = = |=) = SS = Se SS) S38) SS ee) aS aS Seat | | 
: Diorites (3 types). - se Sh a EE Ss) SS ee a ea SS ea Sa = | Sean SS Se eee | Sa EES SS eS = Bet x 
: Carboniferons orinoidal limestone . SS) SE) = | SS Sa Sh SE ES Sy SS eae) St = Se S/||= ee | = =A = = | ares 
IIL. Caytyge AREA: motamorphosed grits (3) x = - - - — _ — = — a = = = = — x“ x = = x = x = = = = = i 
IV. GrgvAN AREA: Onlovician shale a ee (ee ee ee a a a ee a a ee ee i ee ee ee ee ee eee ee eee | | | 
| Ord. calcareous rock x | | | | 
Pegmatitevein . . - « . x | | | | | | | 
. V. Various Distaicts: Felstones (2 types) - = _ - = — = _ _ = — —- —}—-j-— = — — = —};— = a = = <4 = = = = % 
: Brecciated rock =» ss ee —|/—|]-|-=- Sa i ea 2) 2.2 ES ha Sy Sy fle ]) jl =H = SS SSE ee SIE |) 2 | 
| | | | | | | . 
SCOTLAND on IRELAND. | | | 
| | | | 
1. Casryae or Noni ANrRit: Old Redsandstone — | — | — | — | — eS || ES | Sos) Se a eee Ii) |) a (rr | | 
Old Redconglomerate - . «© . -| x «x = — —|— =|, — = = = = x = = = — x = = = x = x | } | | | 
Felsite (pale green) : »- -}e}=—f—}J—}—-]—-]-}-]-]|]—-|]-] = —}|-/—]}/—-]-}]= ae ny ee ee || 8) a ee ee Pe es | 
Q jorite. 30 Ss, =) Sie | | | | 
rphosed grits. | 2 Se gl an een ee may ad mad ee |e) ree YS ee | a eel | 
IL CrypeorN. ASTRIM: Quartzite. ©. 5 | x 
iferoussandstone =» 2. 2s Cs (|x | ) 
a lomerate. 2. x —|— ~ a —|= = — Se ee = == ed = | Es » 
ILL Cuype or Tygoxe: Diorite. . .  . * - a — = = x 
Iv. Gy eee Ordovician shale =. . x . — x x - _- x » = — _ x _ = aS) iste [ae — =— x - x x | x Pa * x _ “ —|e * =_ * 
Granite (3 types) ee P| = — | — = — = fh SS =| eect emi | ene esc | Rea | ee | eet | eo |e eT 2 alee an = x 
Y. Scorasp, Dows or ANTELS: Carb, shale . _ = — — = =| = « = = = = <2 =, = = = a = | | | | | 
VL ScoTLasp or N.Trg0NE: Syevite . . —/—-}—-J]-|-/;-/;-/]-|/- — -|-]|- -|- -|/—-|-= - = |= x || | | | 
Epidote-granite . - « + « x —jJ—-|]-|]-|]- - S|) = _ —}/-/]-);- ~ = _ - —}/-J]—|]}—-]-j- x =a || en |e 
. | | | | 
TRELAND | 
L Derey or N, Asreim: Gneiss . x 
Sericite-schitt. ey 4 SN) 1 a Sa Pel 
IL Derey, N. Axim or Tyg: Quarte-felatone = — — - _ _ - — - ~ — — - = * - — — — = — = = = | a es = x 
TE Sides or Dows: Amphibolite . — | —|—/— —j|—| — - —|/—-—|—- -_ —|— _ = SF), Se = = Py 
Iv, ,, Trnoxe or ARMAGH: Granite (3 types). — = = - x — = aa ” * = =, — * 
V. N. AwTeim: Quartzites (4 types). . iy * x * = x = - x x — — —- x - _ = = * _- * _ x _ x x “ “ » 
Pebbly guartsites ecient es He |) oe || — |) = |) Pa H— P=] =} BPH ea a ee ae SS) SS Sf =) = 
Mica C@iypes) - + eo} ® « - x x = - - - — - al * x - = - ri x x 7 x - = — = > — 
M Bay: Angenschist © © 6 0 2 = — — =< = = = a io | 
o tral es Fouasiccermbety =|=/]=]- - _ - - —-|;- = ~ a = —-|/—-|;/-J= x =—|]=— x = x 
" fomamoncy): Quarte-porphyry . x —j—-J]-/|}-/-|]-|- -- x « — —}/—-}]—-]-]=- = =) — | — | — | — —|— x 
Cushendan : iene cae 9 [Ry FESS) || SR Mra a Psa aera) Psa eee yea WE Mate | em ci | Teh [ecm | ae lteter 
e and. ria : Porphyrites(4types) —}j—|]-|]=— —-|- a —|— — _ = ey ae = x = 9 = = = St SP ee a ee |! x 
‘orp! ie of —|—j-/-|]-|]-|]=- —-|/—-j]=- - —f =f} —)—] =F —]] — | =] ae 
o Vorphyry dyke on seashore. x = — | — - - - _ - = a ~ - x ce || met ee |e al so Na A | eed = = 
” Felstone porphyry * * = = - x - - - = - - - - - _ = — = = x * 
vi. a i ‘© - * i | Goud ~ - - * J _ - =a —_ a = pt ee ae SWS yet Sy SS 
Tardree : ite» _ = = = _ - * — = = —_ _ -— — = a — == —. | a = = = 
wefan rocks, = | SR a FS Met De fhe haa ae a | ATF tad stmt ye SPSS at | Se 
” Liassic rocks =j)Joe-}y-]/-|/-t-l=- x —_j|- - x —-|- x Sn ie (ee en nn ee dW * 
Pa Chalk, cy x * * * x —-|-=- x * x x a x x * x x x x x x x - x x x l= x x = x 
x x x - « — — » x x x - x x =_ x — «x x x = x x x - x x * x = * 
el) a re ee fs ae ae ee re) ee | a ea eer 
Se 1) i Fa a fa Ne a HN eat Sep any ey al eR) al 
= = -|- -—|- -|- Pe | a Sa c= _— 
> = =| = == |e a ee | alee es a 
5 =—-|— |= —|x —-/|/-|;/-|—|«].« Se = 
2 ales Sa -|- Ss pee |e 
rs | a= silliest | PS ie 
= -|- = a = ; a s' 
es eh es Sites = 
= 


hS 
or 
io) 


ON THE ZOOLOGICAL STATION AT NAPLES. 


Occupation of a Table at the Zoological Station at Naples.—Report of 
the Committee, consisting of Professor W. A. HERpMAN (Chairman), 
Professor G. B. Howes (Secretary), Professor EH, Ray LANKESTER, 
Professor W. F. R. Wetpon, Professor 8. J. Hickson, Mr. A. 
SEDGwIcK, and Professor W. C. McInrosu. 


APPENDIX PAGK 
I. Report on the Occupation of the Table . . 260 
a. On the Structure and Development of the Everetor 7] Apparatus of 
Amphiovus. By E.S8.GOODRICH, ILA. . 260 
b. On Trematodes and Cestodes parasitic on F ishes. By Norman Mac- 
LAREN, Esq. . Pd. 260 
ec. On the Alye of the Bay of Naples. By Miss ANNA VickrErs 5 262 


ad, On the Copepod Subfamily Atidiine, with a proposed Revision of the 
Classification. By R. NoRRIS WOLFENDEN, M.D. Cantab., F.Z.8. 263 

Il, A List of Naturalists who have worked at the fyugiogt Station from the end 
of June 1901 to the end of June 1902 267 

Ill. A List of Papers which were published in the year 1901 by 7 ‘the Naturalists 
who have ocoupied Tables in the Zoological Station . 269 

IV. A List of the Publications of the eatin Station during 9 the year ending 4 
June 30,1902 . . 270 


Ow1nce to circumstances which transpired in the interval between hs Aaa 
tion and the intended commencement of work for which the grant for 1902 
was obtained, Messrs. Wallace and Gurney were both rendered incapable 
of fulfilling their task, Mr. Gurney having been forbidden by his medical 
adviser to journey afield under risk of injury to his health. Your Com- 
mittee report the securing of substitutes whose names are given above, 
and whose work has been in each case a success. And they are desired by 
Mr. Wallace to state that he renews his application for the use of a Table 
during the coming year, and that he proposes to study ‘ Variation and 
Gestation in the Selachii.’ 

In a letter received from Dr. Anton Dohrn, special mention is made 
of his ability to endorse his surmise of 1901 as to his intention of erecting 
and equipping a new laboratory for comparative physiological research, 
He informs your Committee that the Town Council of Naples have 
unanimously voted an area of land of 600 square metres, in immediate 
proximity to the two historical buildings now in use, as a site for the 
laboratory aforementioned ; and it is with satisfaction that your Com- 
mittee are enabled to report that funds sutlicient for the undertaking are 
guaranteed, through the generosity of personal friends of Dr. Dohrn, and 
that plans for the building are now prepared. 

The work of construction will be commenced in autumn, and it is 
expected that the laboratory will be finished and fully equipped by 
Easter, 1904. 

Dr. Dohrn lays stress on the fact that for a very considerable contri- 
bution to the cost of the new building he is indebted to an English friend, 
and your Committee re-echo his hope that this may further cement the tie 
with the British Association, and that the range of the work of those who 
in future may visit the Station on its behalf shall be commensurate with 
the Station’s increased facilities and growth. 

In presenting the reports of the occupants of the Table during the 
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present year; your Committee desire to point out that on emergency 
willing and competent persons were but awaiting their appeal. Reassured 
by this, in applying for a renewal of the grant they have every confidence 
in the future ; and they are of opinion that the increased facilities afore- 
named, by widening the field of action, will more than ever incur the 
favourable consideration of the Association’s Board. 


APPENDIX. 


I. Report on the Occupation of the Table during December 1901 and 
January, June, and July 1902. 


a. On the Structure and Development of the Evcretory Apparatus of Amphiovus. 
By Ki. 8. Goopricu, M.A. Oxon. 

During the latter end of December 1901 and most of January 1902 
I occupied the British Association Table at the Zoological Station in 
Naples. I had then the opportunity of examining the structure of the 
excretory organs of Amphioxus in fresh and preserved specimens. As a 
result of this study, it was discovered that the kidneys of Amphioxus are 
not, as had hitherto been supposed to be the case, segmental tubules 
opening by many funnels into the celom, and comparable to the excretory 
organs of the higher vertebrates ; but, on the contrary, that these kidneys 
are in the form of tubules opening only to the exterior (atrium), and pro- 
duced internally into blind branches. Moreover, it was found that these 
internal extremities are provided with numerous peculiar cells (incom- 
pletely described by Boveri) perched on the free ends of long and narrow 
tubes, down each of which works a single flagellum driving the excretory 
fluids into the renal canal. These cells exactly resemble the excretory 
cells (Solenocytes) which I have described as situated on the inner 
blind ends of the nephridia of certain Polychete worms. It would 
appear, then, that the kidneys of Amphioxus are, physiologically and 
morphologically, strictly comparable to the nephridia of certain Annelids, 

The results of this work have been embodied in a preliminary note read 
last January before the Royal Society, and inamore complete and illustrated 
memoir published in the ‘ Quarterly Journal of Microscopical Science.’ 

In June and in this month of July 1902 I have again had the privi- 
lege of occupying the British Association Table in Naples, and am 
engaged in working out the development of the excretory organs of the 
larval Phoronis and Amphioxus. 


Report on the Occupation of the Table during March and April 1902. 
b. On Trematodes and Cestodes parasitic in Fishes. By NORMAN MACLAREN. 


During the six weeks in which it was my privilege to work at the 
Stazione Zoologica this spring I confined myself almost entirely to col- 
lecting material (Trematodes and Cestodes) for future anatomical investi- 
gations. Upwards of two hundred fishes were examined, and numerous 
specimens were collected. 

One of the most interesting species obtained was a hitherto undescribed 
Didymozoon from the gills of a young Orthagoriscus mola. There were 
four cysts on the same fish, varying in size from 1 to 3 cm. long and 
about lcm. thick. The worms are so intricately wound together that 
it is exceedingly difficult to isolate a single individual; but judging 


ON THE ZOOLOGICAL STATION AT NAPLES, 261 


from fragments from the largest cyst, each worm must be from one to two 
metres long. Attempts to induce the eggs to develop were quite unsuc- 
cessful. There is a similar Didymozoon—also from Orthagoriscus—in 
the museum of Genoa Unfversity. 

I am at present occupied with material obtained at Naples, and hope 
to shortly publish some of my results. Appended isa list of the fishes 
examined, and I regret that owing to other work I have not yet had time 
to identify all their parasites, 

I would desire to express my great obligations to the British Associa- 
tion for permission to work at their table, and also to the officials of the 
Stazione Zoologica for their unfailing kindness. 


Fish | No. Parasite Remarks 
Belone acus ‘ ; 4 Scolex sp. . ; . | Abundant in stomach 
Centrophorus granulo- 1 _— = 
sus 
Cernua gigas. : 4 — — | 
Chrysophrys aurata .| 2 Distomum obovatum | One specimen in intes- 
(Molin) tine, 

Clupea aurita  . 0 7 Scolex sp. . - . | Abundant in one speci- 
men; encysted in 
append. pyl. 

Conger vulgaris . é 8 Distomum rufoviride | Abundant in stomach, 

(Rud.) 

Corvina nigra ies = — 

Dentex gigas es 1 == — 

Dentex vulgaris . 8 Distomum megasto- | One specimen in sto- 

mum (Rud.) mach. 

Galeus canis. ‘ 1 Tetrarhynchus sp. ./ In spiral fold; abun- 

| dant. 

Hexanchus griseus .| 3 Distomum veleporum | Two specimens in one | 
| (Crep.) | stomach. | 
| | | Tetrarhynchus sp. . | In stomach of one. | 

Bothriocephalus sp. . | In intestine of one. 

Labrax lupus, : 37 | { Tetraonchus sp. . | Seventeen on gills of 
| two specimens, 
\Scolex sp. . : . | In pylorus ; abundant. 

| eopsiae ye sp. . | One specimen in intes- 
c | | | tine. 
fe ao pasedudatus: ’. : |) Scolex sp. . | In gall bladder; abun- , 
l | dant. | 

Lichia glauca i — — 

Lophius piscatorius , | aera — — | 

Merlucius lupus . ). > "ol Beoler se. j . | A few in the intestine. | 

Merlucius vulgaris | 25 | Scolex sp. . | Two in the stomach. 

Mugil cephalus . | many | — — 

Mullus barbatus . 7 — = 

Mullus surmuletus 6 — — 

Distomum imegasto- | Seven in the stomach. 
mum (Rud.) 
Distomum sp. . . | Numerous in the sto- | 
mach. 

Mustelus levis . c 10 Distomum sp. . . | Abundant; encysted in 
walls of the stomach. 

Onchobothrium sp. . | In spiral fold; abun- 
dant. 
Tetrarhynchus sp. . | Nine in the stomach 

Mustelus vulgaris 2 Calliobothrium  fili- | In spiral fold of one 

colle (Zsch.) specimen; abundant. 


Myliobatis aquila , 1 Tetrarhynchus sp. In spiral fold; numerous. 
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Fish No. Parasite Remarks 


Sees Mistent ow wins By | A se a2 ene 
Oblata melanura 5 7 Distomum obovatum | One in pharynx. 
(Molin) 


Distomum nigrofla- | Seven in two intestines. 
vum (Rud.) 
Distomum contortum | Four in mouth of one 


(Rud.) specimen. 
Echinostoma  lydiz | In one intestine; abun- 
(Stoss.) dant. 
Didymozoon sp. . | Four cysts on gills of 
: one specimen. 
Reesor: mule 5 Tristomum mole | One on skin. 
(Blanch.) 


Bothriocephalus mi- | Fourteen in intestine 
crocephalus (Rud.) | of one specimen ; five | 

in another. 

Anthocephalus elon- | In liver and muscles. 
gatus (Rud.) 


Scolex sp. . . | Several in oneintestine. | 
Tetrarhynchus s . | Five in three stomachs. 
| Sse peat ; ep { Scolex sp. . . | Severalin one intestine. 
Rajaasterias . : 3 — 
Bothriocephalus punc- | In intestine; abundant. | 
tatus (Rud.) 
Rhombus maximus . 10 Scolex sp. In intestine; abundant. 
| Distomam’ rufoviride Seven in one stomach. 
(Rud.) 
Scorpzena porcus : 2 —- 
Scorpzena scropha 9 Distomum | granulum | One in one intestine. 
(Rud.) ? 
Scyllium canicula i 3 = — 
Sebastes imperialis 3 — — 
Solea vulgaris . é 6 a 
Squatina angelus 1 — — 
Torpedo marmorata 2 Phyllobothrium sp. . | In spiral fold of one 
specimen. 
Onchobothrium unci- | A few in spiral fold of 
natum (Rud.) intestine. 
ee eeece Re 4 2 Amphibdella torpe- | Numerous on gills. 
dinis (Chatin.) ‘ 

; : { Tetrarhynchus s . | Numerousin spiral fold. 
eee F : | Phyllobothrium . | Numerousin a fold. 
Umbrina cirrhosa : 10 Distoma  tubarium | One in stomach. 

H (Rud.) 
Zeus faber . E ; 4 Bopeeocephalus ep. . | One in stomach. 


Report on the Occupation of the Table from January to April 1902. 
e. On the Alge of the Bay of Naples. By Miss ANNA VICKERS. 


My work at the Zoological Station in Naples from the beginning of 
January to April 12 was chiefly on material I brought myself from 
Barbados. I was able during that time to finish a certain number of 
drawings for a work which I hope to publish on the Alge of Barbados, 
It is to be a Ph ycologia of the island, which I intend to complete from fresh 
material next winter on my return to Barbados. It is not easy to work 
on dry alge. They have to go through such delicate handling, and even 
then with all the reactives used the cells scarcely get their original shape 
again. The acids tend to swell the tissues to an exaggerated size, if 
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they are not stopped in their development just at the right moment. 
Therefore alge preserved in alcohol are much easier to study and dissect. 

At the same time as I sketched the Barbadian alge of the Dictyota 
family 1 had fresh dictyota brought to me from the Bay of Naples, so as 
to be able to compare the structure of these plants with the West Indian 
species. The Barbadian dictyota and those of the West Indies in general 
are not very well known, the species being numerous and somewhat mixed 
up one with another ; it will therefore be an interesting task to study 
them more perfectly and try to arrive at a system of classifying them 
more easily, which is not a slight task. 

I asked at Naples for rare species of the Golfe Algx, principally Rho- 
dophyez, and had brought me some specimens of Chrysymenia ventricosa 
and Platoma cyclocolpa or Nemastoma cyclocolpa. Thus I was able to 
continue my study of the algze of the Bay of Naples at the same time that 
I worked at my principal object of study. It is a good thing to have 
plenty of work on hand, for it would be too monotonous to work all the 
time on dry material without getting a few fresh alge now and then. 
The sea was often rough and stormy, as it generally is in winter at 
Naples, and the fresh material could not always be reached, so I was 
often very glad to have my own material to fall back upon when the other 
was wanting. 

I once more thank the British Association for the permission granted 
me to work at the Association Table: it has been a great boon to me, 
and I hope that my work will turn out to be satisfactory to the 
algological world. It is a difficult one, but I am greatly helped and 
encouraged by Monsieur Bornet, without whose aid I would not have 
had the courage to undertake such a task. 


Report on the Occupation of the Table during April and May 1902. 


d. On the Copepod Sub-family Aktidiine, with a proposed Revision of the 
Classification. By R. Norris WoLFenpen, M.D. Cantab., F.Z.S. 


The Faroe Channel is especially rich, amongst Copepods, in examples 
of the sub-family Htidiine. Several of these are new species, and during 
the author's plankton investigations in this region, extending over a 
period of three years, he has met with several forms of great interest. 
While the author’s results remain as yet unpublished, pending the con- 
clusion of his work, Professor G. O. Sars has lately published an important 
work dealing with the Crustacean fauna of Norway, in which he 
describes some of these new Copepod forms. It appeared to the author 
that the large sub-family Ztidiine required revision, and through the 
courtesy of the Council of the British Association and of Professor Dohrn 
he was in May 1902 allowed the privilege of occupying the Association 
Table at the Naples Zoological Station, where he had the opportunity of 
examining in detail the Copepod preparations made by Dr. Giesbrecht and 
comparing with his own Faroe collections. To Professor G. B. Howes 
Sieg Anton Dohrn, Eisig, and Giesbrecht the author’s warmest thanks 
are due. 

The character of the sub-family tidiine are sufticiently well set 
forth in Dr. Giesbrecht’s great work (‘ Fauna ii. Flora Neapel’). 

It is, however, evident that the segmentation of the feet cannot be 
employed as a definite factor in the classification of genera. For instance 
in the genus tidews which comprises the well-known species Mtideus 
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armatus, we must now recognise a species of southern or Mediterranean 
origin, in which the endopodite of the second foot consists of only one 
segment, while in the Faroe Channel and northern regions a species very 
closely congeneric has a definitely biarticulate endopodite. Other points 
of difference exist in the character of the rostrum and the spiny pro- 
longations of the last thoracic segments, both of which in the southern 
species are much stronger. Possibly a third species of #tideus exists in 
the examples recorded by Brady from the Indian Ocean and described in 
the ‘Challenger’ reports ; but this species must for the present remain in 
doubt, since it has not been met with again. The author would remark 
that in a collection of Copepods made by Mr. J. Stanley Gardiner in the 
Maldive Islands and forwarded to him for examination, he has not met 
with a single example of Ztideus. 

Similarly in the genus Gaidius (Giesbrecht) there is one species 
having a uniarticulate endopodite of the second foot, and another species 
in which this ramus is biarticulate. The exopodites of the first feet also 
show irregularity in their segmentation. For instance, the genera 
Htideus, Bradyidius, Bryaxis, Chiridius, have this appendage tri- 
articulate, while in Gaidius and Gaetanus it is biarticulate, or in one 
species of the latter (G. armiger) three-jointed. 

The appendages of the first basal joint of the fourth pair of feet become 
of importance generically. In his original description of the genus Gaidius 
Giesbrecht had already remarked upon the peculiar transformation of the 
bristles of this joint into lamellar appendages, as transitional to the 
spines of Luchirella. These moditied bristles, which appear to be hollow 
tubes, are very characteristic of the genera Gaidius and Gaetanus. They 
are replaced by spines and teeth in the genus Zuwchirella. The character 
of the rostrum and its presence or absence appear to form a satisfactory 
basis for the classification of the genera of the sub-family @tidiine, and 
have been adopted in the present scheme. 

Recently Professor Sars has expressed the ‘opinion that the genus 
Gaidius (Giesbrecht) should be abolished, and he has considerably 
extended the genus Chiridius by inclusion of three species (Ch. tenui- 
spinus, Ch. obtusifrons, and Ch. armatus). But the genus as originally 
proposed by Giesbrecht, to include the only species known as yet, viz., 
Ch. popper, appears to differ very considerably from Sars’ genus 
Chirrdius ; and one of the latter species, viz., Ch. tenuispinus (Sars), 
is undoubtedly identical with Giesbrecht’s Gaidius. One essential point 
of generic difference is the absence of a rostrum in Giesbrecht’s genus 
Chiridius, and its presence in two at least of Sars’ species (Ch. tenuispinus 
and Ch. armatus). Professor Sars lately had the kindness to forward to 
me examples of these three Copepods from his own collections, and from 
a comparison of Giesbrecht’s preparations I have no doubt in affirming 
that Chiridius tenuispinus, Sars, is identical with Giesbrecht’s Gaidius, 
and with specimens which the authar had described previously as Gaidius.! 
In addition to the presence of a rostrum, the bristles of the first basal 
joint of the fourth pair of feet are modified into tubal processes exactly as 
in Gaidius pungens (Giesbrecht). 

The genus Chiridius, as at first proposed by Giesbrecht (‘ Fauna ti. Flora 
Neapel,’ v. 19), included only one species. It differs from all other genera 
of this group, in the fact of the outer branch of the posterior antenne 
being twice as long as the inner, and in the presence of only eight bristles 


' See Journ. Brit. Marine Biol. Assoc., 1901. 
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on the exopodite of the maxilla. It is further without any trace of 
rostrum, and is a small creature of only 1:8 mm. length. It appears 
to be so generically distinct from the northern forms included by Sars 
in this genus (one of which is undoubtedly a Gaidwus) that it appears 
more satisfactory to retain the generic name Chiridius for the one species 
(Ch. poppei, Gbt.) for which it was originally created, and to place the 
northern forms, all of which are two or three times the size of the 
Mediterranean species, in another genus. These various genera will group 
themselves naturally in the following manner :— 


A. With a two-pointed rostrum. 
Atideus, Brady, Pseudetideus (nov. gen.), Bradyidius, Gbt. 


B. With a one-pointed rostrum. 


Gaidius, Gbt., Gaetanus, Gbt., Chir oe Gbt. 
U adeuchceta, Gbt. , Euohireliz, Gbt. 


C. Without rostrum. 
Chiridius, Gbt., Bryaxis, Sars. 


Under this scheme the genus Chiridius (Sars) disappears and a new 
genus, Pseudcetideus, is suggested, which includes Sars’ species Chiridius 
armatus, and another entirely new species discovered by the author in 
the Faroe Channel. Sars’ Chiridius tenuispinus is removed to its true 
family Gaidius, and his Chiridius obtusifrons should more properly 
perhaps be regarded as a Chiridius. There does not seem to be sufficient 
reason to exchange the name Bradyidius (Gbt.) to Undinopsis (Sars), and 
the former is therefore retained. 

Vanhéffen (in Grénland Expedition, 1891-93, Berlin, 1897, Copepoden, 
vi. Kapitel, p. 279) described very briefly a Copepod captured in Green- 
land, which he regarded as identical with Pseudocalanus armatus, Boeck, 
but three times the size. Only one male was found in forty-five animals 
taken. But the prolongation of the last thoracic segment into lateral 
spines removes it from this genus. The author has met with one 6 
example of this Copepod in the Faroe Channel, but feels unable to place it 
generically, in the absence of 2 examples, which, according to the general 
rule, may differ widely as regards the rostrum, proportions of the body, 
and character of the mouth parts. 

Of the different genera and species of the sub-family Ztidiinw the 
following occur in the Faroe Channel or off the coast of Norway :— 


/Etideus tenuirostris. . a surface form. 
Pseudetideus armatus . . | found only in deep water, below 
5 multiserrata 100 fathoms. 
Bradyidius armatus ‘ 
f sis \ bottom forms, in shallow waters. 
Gaidius pungens . a . deep-water forms, below 100 
x, boreale . ; : fathoms. 
Gaetanus armiger . P - das 
‘ aiilon ; ditto. 
Euchirella rostrata litt 
F carinata See 


Chinidiucs Shtdstfrons cs deep-water form from 200-800 
f 


fathoms (Sars). 
a bottom form from 59-150 


Bryaxis brevicornis , fathoms (Sars). 
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Ondeucheta and Chirundina have not yet been met with in northern 
waters, and Chiridius poppei appears to be exclusively a Mediterranean 
species. Pseudetideus, Gaidius, Gaetanus, Huchirella appear not to 
approach the coasts, the only genera which do so being, apparently, 
Mtideus and Bradyidius. 

The scheme which follows is the merest outline, and will be more fully 
elaborated subsequently in a ae eae dealing with the Copepoda of the 
Faroe Channel. 


A. Head with a two-pointed rostrum.' 


I. First joint of exopodite of the first foot without external spines. 


1, Last thoracic segment produced into strong spines. Rami of 
mandible and posterior antenne nearly equal. Basal joints of 
posterior foot-jaw equal and endopodite two-thirds as long. 
Endopodite of first foot one-jointed ; of second foot one or 
two jointed ; bristles of first basal of fourth foot simple 
=genus Wtideus (Brady). 

Three species—4t. armatus, Gbt., Mt. tenwirostris (n. sp.), 
Mit. bradyi (Brady). 


II. First joint of exopodite of first foot with an external spine ; 
thoracic spines on last segment. 


2. Outer rami of posterior antenne and mandible longer than 
inner ; second basal of posterior foot-jaw longer than the 
first, endopodite only one-half to one-third as long as the 
second basal. Inner ramus of first foot one-jointed, of second 
two-jointed. Bristle of basal of fourth foot simple=genus 
Pseudetideus, nov. gen. 

Two species—Pseud. armatus (Chiridius armatus, Sars), Pseud. 
multiserrata, n. sp. 

3. Anterior antennze with thick basal joints, tapering distally, 
twenty-four-jointed, and densely clothed with long cross- 
ringed bristles. Endopodite of posterior foot-jaw little more 
than half as long as the second basal=genus Bradyidius, 
Gbt. 

Two species—B. armatus, Ght. (Undinopsis bradyi, Sars), B 
semilis (Und. similis, Sars). 


B. Head with a short one-pointed rostrum. 


I. Last thoracic segments produced into spines or angular processes. 


4, Outer rami of posterior antennz and mandible longer than inner, 
second basal of posterior foot-jaw three to four times as long 
as endopodite, outer ramus of first foot of only two or of 
three segments ; inner rami of second foot one or two jointed, 
first basal of fourth foot with bristles replaced by tubal 
processes= genus Gaidius, Gbt. 

Two species—G. pungens Gbt., G. boreale (n. sp.) (Chiridius 
tenwispinus, Sars). 

5, Head with characteristic dorsal spine ; other characters like 
Gaidius= genus Gaetanus, Gbt. 

Two species—G'. armiger, Ghbt., G. miles, Gbt. 


1 The species diagnosis is omitted in this Report, 
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6. Last thoracic segment produced into blunt angles, not spines. 
Outer branch of posterior antenne twice as long as inner, 
endopodite of posterior foot-jaw only quarter as long as 
second basal ; first basal of fourth foot almost naked=genus 
Chirundina, Gbt. 

One species—Ch. streetsw, Gbt. 


Il. Last thoracic segments rounded, not produced into spines or angles. 


7. Head with or without a crest, outer rami of posterior antennz 
not twice as long as inner, exopodite of the maxilla small, 
and its middle bristles the shortest. Endopodites of first 
and second feet one-jointed=genus Undeucheta, Gbt. 

Two species—U. major, Gbt., U. minor, Gbt. 

8. Rostrum sometimes absent. Outer rami of posterior antenne 
two to four times as long as inner. Head sometimes with a 
crest. Endopodite of first and second feet one-jointed. 
First basal of fourth foot armed with characteristic spines 
=genus Luchirella, Gbt. 

Species— Vide Giesbrecht u. Schmeil, ‘ Thierreich,’ p. 35. 


C. Head without rostrum. 


9, Outer branches of posterior antenne and mandibles twice as 
long as inner ; endopodite of posterior foot-jaw not half the 
length of second basal ; exopodite of maxilla with eight to 
ten bristles ; exopodite of first foot with three segments, first 
segment with bristle ; endopodite of first foot one-jointed, 
of second one-jointed (trace of articulation) ; third and 
fourth feet three or two jointed ; basals of fourth foot with 
simple basis=genus Chiridius, Gbt. 

Two species—Ch. poppet, Gbt., Chiridius obtusifrons (Sars). 

10. Thorax ending in acute upturned lappets. Anterior antenne 
shorter than thorax, densely bristled. Inner ramus of pos- 
terior antenne more than twice the length of outer, and only 
six-jointed. Posterior foot-jaws with sensory appendage on 
first basal=genus Bryaxis, Sars. 

One species—B. brevicornis, Sars. 


IL—A List of Naturalists who have worked at the Zoological Station 
from the end of June 1901 to the end of June 1902. 


Num- State or University Duration of Occupancy 
ber on Naturalist’s Name whose Table 
List was made use of Arrival Departure 

| 1255 | Prof. A. Dogiel. . | Russia. : i July 6,1901 | July 8, 1901 
1256 | Dr. J. Rioja y Martin | Zoolog. Station Fi » 11, ,, | Mar. 10, 1902 
1257 | Prof. 8. Apathy . | Hungary . : : » 26, ,, | Sept.13, 1901 
1258 | Dr. V. Ariola . . | Italy . c 5 tO OR IY Oct. 9) 5; 
1259 | Prof. F. Raffaele . - - sb HpACSOP IGS. .WiNoV. ETF +s; 
1260 | Dr. F. Bottazzi . F * ‘ : a MATION Gy) Oss Sept.15, ,, 
1261 | Dr. J. Boeke . . | Holland . ; é BEI 8Se%, Nov. 2, 5; 
1262 | Stud. E. Wolff. .| Wiirtemberg . .| ,, 21, ,, | Sept.20, ,, 
1268 | Dr. E. Crisafulli . | Italy F : 6 jp By May 23, ,, 
1264 | Dr. A. Kouliabko .j| Russia . - ay LOR by Sept.14, ,, 
1265 | Dr. F. Mazza , . | Italy : i F Ee ZG 0 4, jot 1p, 


1266 | Dr. A. Bethe . . | Strasburg . ‘ i128 43 Oct. 24 ,, 
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A LIsT OF NATURALISTS—continued. 


Duration of Occupancy 


Num- State or University 
ber on Naturalist’s Name whose Table = 
List was made use of Arrival 
1267 | Prof. P. Francotte Belgium . ; . | Aug. 29, 1901 
1268 | Dr. P. Enriques Italy Para Ol mas 
1269 | Dr. M. Schmidt Prussia . Sept. 1, ,, 
1270 | Vrof. F. Sanfelice Italy ee 
1271 | Prot. A. Russo . 3 2 é pe es, OG, 
1272 | Prof. J. Czokor. Austria . : 5 sa Bo Leas 
1273 | Dr. F. Marino . Italy so) cate REE nae 
1274 | Stud. Andreae . Switzerland pat owt een | epee 
1275 | Stud. Miescher . A : -| toy 35 
1276 | Miss N. Stevens American Women’s | 

Table | Oct. 6, 4; 
1277 | Mr. E.G. Schuster . | Oxford Sy leit OP Coins 
1278 | Dr. E. Teichmann Prussia - |» OSes 
1279 | Prof. T. Boveri. Bavaria cil Sewer lio. 
1280 | Dr. H. Driesch . Hamburg A | ne ihe Fr 
1281 | Dr. C. Herbst Baden 5 SriZo "ge 
1282 | Dr. G. Tavaro . . | Italy atl INOW cae 
1283 | Baron J. v. Uexkiill . | Prussia . fn ribs ek des 
1284 | Dr. Schiicking . Pyrmont . Prod asx 
1285 | Dr. v. Dungern. Prussia Dec, 2iuei. 
1286 | Dr. A. Romano. Italy A $i a 
1287 | Dr. Creswell Shearer | Cambridge hee eo ae 
1288 | Prof. L. Bolk Holland . ) POST. Oy 
1289 | Dr. C. H. Kappers a 3 : F spt Dore 
1290 ; Mr. E. 8. Goodrich British Association. | ,,° 10, 5 
1291 | Dr. G, lllig Saxony es Oe 
1292 | Dr. A. Nathansohn ah Jan. 1,190 
1293 | Dr. M. Sciuti Italy as OIE 
1294 | Dr. G. Jatta a 2 ey 
1295 | Dr. G. Tagliani. ms ‘ svete 
1296 | Dr. V. Diamare ies oe OE en (ee 
1297 | Dr. U. Pierantoni ars ‘ a5 bls Besse 
1298 | Prof. T. d’Evant . gy hairs 
1299 | Dr. G. Rossi H eee 
1300 | Prof. C. Gioffredi r ara CON Be 
1301 | Dr. Presuhn Prussia . : oy Lay 
1302 | Miss A. Vickers | British Association. | ,, 8) 5, 
1303 | Prof. H. Rabl . | Austria t oict untill Suse 
1304 | Dr. R. Issel | Italy ah eee te 
1305 | Mr. L. Doncaster | Cambridge Feb. 18, ,, 
1306 | Dr. A. Ernst . Switzerland a5 205 a5 
1307 | Dr, E. Godlewski Austria spt cues 
1308 | Dr. M. Bedot . | Switzerland acuZby fy 
1309 | Dr. R. Magnus. . | Hesse : ‘ Mar. 4, ,, 
1310 | Dr. O. Cohnheim _.. | Zoolog. Station hope eh 
1311 | Dr. C. Prentiss . Smithsonian  Insti- 

tution . J RG Tonks, 
1312 | Mr. N. Maclaren . , British Association . 3 SOMES 
1315 | Dr. R. Woltereck  . | Prussia oye Lass 
1314 | Dr. W. Kotzenberg Bavaria .. sh)» LS es; 
1315 | Prof. Hess ‘ 3 : ‘ 7 5) Daa, 
1316 | Prof. O. Zur Strassen | Saxony . ; s iy gL OSs 
1317 | Dr. H. Winkler. Wiirtemberg toe oy Beers ee, 
1318 | Dr. J. Tandler . Austria 1 Wea Taig 
1319 | Dr. T. Tobler . eierogsian j 28s hey 
1320 | Prof. K. Kostanecki. | Austria ‘ .| Apr, 1, 4, 
1321 | Dr. R. Wolfenden , British Association . 2 


Departure 


Oct. 19, 


Apr. 18, 
Mar. 3, 


| June 8, 
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A List oF NATURALISTS—continued. 


Num- State or University Duration of Occupancy 
ber on Naturalist’s Name whose Table = — 
List was made use of Arrival Departure 
1322 | Prof.C. Julin . . | Belgium . : . | Apr. 2,1902 | May 22, 1902 
1323 | Prof. L. Muskens . | Holland . f Sst Satay - Pe Apre 2s), 
1324 | Prof. W. Schewiakoff | Russia . c A Aer iy are = 

1325 | Dr. W. Schweyer . A . . eae Cs atat ai 

1326 | Dr. B. Soukatchoff iL : 7 “ POR ee a = 
1327°| Dr. C. Addaro . . | Italy 5 A . | May 15, ,, — 

1328 | Dr.de Groot . ../| Holland . ; : » ~24, ,, | Junell, 1902 
1329 | Prof. W. Palladine .| Russia . ; : Rasa — 

1330 | Dr. K. Derjugin : f : : . | Junell, 5, — 

1331 | Prof. T. H. Morgan . | Smithsonian Insti- 

tution . 5 : by SDs) M55 — 

1332 | Dr. R. Dalla Vedova. | Italy : : eye Osi as — 

1333 | Stud. S. Awerinzoff . | Russia. - : sek Sse ira —— 

1334 | Stud. V. Dogiel . : . ; pe) eee — 

1335 | Mr. E.S. Goodrich . | British Association. eer ies = 


IIIL.—A List of Papers which were published in the year 1901 by the 
Naturalists who have occupied Tables in the Zoological Station. 


H. Przibram . ‘ . Experimentelle Studien tiber Regeneration. Arch. f, 
Entw. Mechanik, 11 Bd. 
E. Weinland . : . Zur Magenverdauung der Haifische. Zeitschr. f. Biologie, 
41 Bd. 
a : . Ueber den Glykogengehalt einiger parasitischer Wiirmer. 
Tbid. 
D. Carazzi : S . Studi sui Molluschi. Intern. Monatsschrift f. Anat. u. 
Physiol. 18 Bd. 
M. Henze 2 2 . Ueber ein Vorkommen freier Asparaginsiure im thieri- 
scben Organismus. Ber. deutsche Chem. Ges. Jgg. 34. 
# Z . Zur Kenntniss des Himocyanins.’ Hoppe-Seyler’s Zeitschr. 


f, Phys. Chemie, 33 Bd. 
- A : . Ueber den Kupfergehalt der Cephalopodenleber. JTdid. 
F. Kopsch . 5 . Die Entstehung des Dottersackentoblasts und die Fur- 
chung bei Belone acus. Internat. Monatsschr. f. Anat. u. 
Physiologie, 18 Bd. 
A. Onodi ‘ f . Das Ganglion ciliare. Anatom. Anzeiger, 19 Bd. 
¥, Bottazzi . _ . Contributi alla fisiologia comparata della digestione. 
Arch. Biologia norm, e patologica, Anno 54. 
-F of 5 . Ueber die Innervation des Herzens von Scyllium canicula 
u. Maja squinado. Centralblatt fiir Physiologie, 1901. 
v. Dungern . - . Die Ursachen der Specietiit bei der Befruchtung. bid. 


a : P . Neue Versuche zur Physiologie der Befruchtung, I. u. II. 
Zeitschr, f. allgem. Physiologie, 1 Bd. 
F. Capobianco ‘ . Della influenza di agenti fisicc-chimici sovra la eccita- 


bilit2, dei nervi e dei muscoli lisci negli Invertebrati. 
Atti R. Accad. Sc. fis. e mat. Napoli, vol. 10. 
C. Herbst - - . Ueber die zur Entwickelung der Seeigellarven nothwen- 
digen anorganischen Stoffe, ihre Rolle und Vertretbar- 
keit. II. Theil. Arch. f. Entw. Mechanik, Roux. 


11 Bd. 
¥ ‘ oi . Ueber die Regeneration von antenneniihnlichen Organen 
an Stelle von Augen. V. Jbid. 13 Bd. 
G. Rossi. 3 : . Sul sistema nervoso sottintestinale dei Miriapodi. Rendic. 


R. Acc. Lincei, vol. 10. 
a : = fz . Unnido di J ulus. Zool. Anzeiger, 24 Bd. 
“ = - - : Sule > amemaite dci Miriapodi. Atti Soc. Ligustica, 
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H. Jordan . . . 
T. H. Morgan . . 

P. Bottazzi and P. Enri- 

ques, 

A. Russo ° . . 
V. Diamare . ° . 
U. Pierantoni. : . 
R. Woltereck . . : 
M, Siedlecki . ° . 
E. Meyer 5 : ° 


J. von Uexkiill - . 
W. Straub a ‘ ‘ 


E. 8. Goodrich “1 iy 
J. Boeke. 5 . 
O, Cohnheim . = ; 


E. Riggenbach . . 
H. Miehe 7 ° . 
H. Winkler , ° . 
O. von Fiirth . . . 


L, Fredericq . . 


P. Enriques P 


V. Ariola . - 2 

F. §8. Monticelli and §8. 
Lo Bianco 

F.S. Monticelli . ; 

L Doncaster . 5 t 
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Die Physiologie der Locomotion bei Aplysia limacina. 
Dissertation, Zeitschr. Biolog. 41 Bd. 

The factors that determine Regeneration in Antennularia. 
Biological Bulletin, Boston, vol. 2. 

Ueber die Bedingungen des osmotischen Gleichgewichts 
bei Wasserthieren. I. Die osmotischen Higenschaften 
der Magenwand der Aplysien. Arch. Anat. u. Physiol., 
Physiol. Abth. 1901. 

Sullo sviluppo dell’ apparato madreporico di Antedon. 
Nota. Zool. Anzeiger, 24 Bd. 

Cisti epiteliali nel cosidetto pancreas dei Petromizonti, 
Rendic. Conv. Unione Zoolog. Ital. Napoli, 1901. 

Sopra una nuova specie di Oligochete marino (Enchy- 
treus macrochetus). bid. 

Ueber den teineren Bau der Polygordinslarve der Nordsee, 
etc. Habilitationsschrift, Leipzig, 1901. 

Sur les rapports des Grégarines avec 1’épithélium. 
Comptes Rendus Hebd., Soc, de Biologie, Tome 53. 

Studien tiber den K6rperbau der Anneliden. Mitth. 
Zool. Station, Neapel, 14 Bd. 

Die Schwimmbewegungen von Rhizostoma pulmo, bid. 

Zur Physiologie des Aplysienherzens. Archiv f. d. ges. 
Physiologie, 86 Bd. 

Toxicolugische Untersuchungen am_ Selachierherzen. 
Zeitschr. f. Biologie, 42 Bd. 

On the structure and affinities of Saccocirrus. Quart. 
Journ. Micr. Sc., vol. 44. 

Die Bedeutung des Infundibulums in der Entwickelung 
der Knochenfische, Anatom. Anzeiger, 20 Bd. 

Versuche tiber Resorption, Verdauung und Stoffwechsel 
von Kchinodermen. JZeitschr. f. Physiol. Chemie, 
33 Bd. 

Beobachtungen tiber Selbstverstiimmelung. Zool. An- 
zeiger, 24 Bd. 

Crapula intrudens, ein neuer mariner Flagellat. Ber. 
deutsche Botan. Ges. 19 Bd. 

Ueber Merogonie und Befruchtung. Jahrb. f. wiss. 
Botanik, 36 Bd. 

Ueber Glykoproteide niederer Thiere. Zeitschr. f. d. ges. 
Biochemie, 1 Bd. 

Sur la concentration moléculaire du sang et des tissus 
chez les animaux aquatiques. Bull. de l’Acad. Roy. de 
Belgique, No. 8. 

Il fegato dei Molluschi e le sue funzioni. Mitth. Zool, 
Station, Neapel, 15 Bd. 

La pseudogamia osmotica nel Dentalium entalis. bid, 

Communicazioni sui Peneidi del Golfo di Napoli. Moni- 
tore Zoologico Italiano, Anno XII. 

Uova e larve di Solenocera siphonocera. Phil. Zid, 

Notes on the development of Sagitta. Proc, Cambridge 
Phil. Soc., vol. 11. 


IV.—A List of the Publications of the Zoological Station during the year 


ending June 30, 1902. 


1. ‘Fauna und Flora des Golfes von Neapel,’ monograph List, Mytilide, to 


be published in the autumn, 1902. ‘ 
2. ‘Mittheilungen aus der zoologischen Station zu Neapel.’ Vol. xv. parts 1 to 3, 


with 19 plates. 


3. ‘ Zoologischer Jahresbericht’ for 1900. 
4, ‘Guide to the Aquarium.’ A new English edition has been published. 
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Investigations made at the Marine Biological Laboratory, Plymouth.— 
Report of the Committee, consisting of Mr. W. Garstana (Chair- 
man and Secretary), Dr. EK. Ray LANKESTER, Professor SYDNEY 
H. Vines, Mr. A. SepGwick, and Professor W. F. R. WELDON. 
(Drawn up by the Secretary.) 


Tue British Association’s table at the Plymouth Laboratory has been 
allotted during the past year to the following naturalists :— 


Mr. H. M. Woodcock, B,Sc, Lond. (University Scholar), for an inves- 
tigation of the Life-history of Sporozoa (one month) ; and to 

Mr. G. W. Smith, New College, Oxford, for an investigation of the 
Anatomy of certain Tunicata (three weeks). 


The applications received for the use of the table have exceeded the 
limit placed upon the Committee’s powers of appointment by the funds at 
their disposal. The Committee therefore invite reappointment, together 
with a grant sufficient to maintain a table at the laboratory for a period of 
six months (30/.), in order to enable Mr. Woodcock to continue his in- 
vestigations of the Life-history of Sporozoa, to enable Mr. G. W. Smith 
to begin an investigation of the Sense-organs of Fishes, to enable Mr. 
W. Wallace, of St. Andrews University, to investigate the variation of 
the fins in Elasmobranch fishes, and to enable other competent naturalists 
to perform definite pieces of work at the Plymouth Laboratory, 

Mr. Smith will occupy the table during July. 

Mr. Woodcock’s Report is appended below. 


Mr. Woodcock’s Report. 


I occupied the British Association’s table for one month in April and 
May 1902. My particular objects were two. One was to further inves- 
tigate some curious bodies which I had noticed attached to the inner side 
of the mantle—near the apex of the flap—in Pecten opercularis, and also 
attached to a gill filament of the same specimen. The other was to find 
further stages in the life-history of Gregarina irregularis, occurring in the 
blood-vessels of Holothwria nigra at Plymouth. 

In most of the Holothwria which I had the opportunity of examining, 
the gregarine was present. In about six instances I found it in the cavity 
of the blood-vessels, motionless, but easily movable on gently pressing. 
It was not easy to get them out of a blood-vessel unchanged in shape, 
for the least touch seemed to distort or make them irregular. Those that 
were safely liberated were regular in shape, though not uniform. Some 
would be broader and shorter, others longer and narrower, but all more 
or less oval in outline. 

Observed living, they were white and opaque, but when stained and 
cleared they all showed two vesicular nuclei, separated by a distinct 
septum. 

The other stage, largely preponderating in numbers, in which I found 
the gregarines was as little white vesicles attached to the blood-vessel by 
thin stalks. These vesicles, as already described by Professor Minchin,! 
consist of the evaginated wall of the vessel, containing the rounded 


1 Q.J.ILS., vol. xxxiv. 1893, p. 279. 
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gregarine, surrounding which can be easily seen the epithelium of the 
vessel. 

All mine at this time had still very few nuclei--in many cases only 
two, though the septum had disappeared—-but in three or four cases 
they had three nuclei, all of about equal size, and no sign of a fourth. It 
was evidently rather early in the year for sporulation stages. 

That nuclear division may go on before evagination of the vessel’s 
wall I have found by cutting the two gregarines figured whole in the 
paper above referred to. For in one of them there were eight nuclei, and 
still traces of a septum ; in the other very many nuclei, with no longer a 
septum ; in both cases the nuclei consist of aggregations of chromatin 
without any membrane. 

In no case have I yet found many nuclei. It would be necessary to 
obtain the gregarines later on in June and July to observe sporoblasts, &e. 

For that reason I cannot now present a more detailed account, but 
hope to obtain further stages in the future. 

With regard to the bodies in Pecten opercularis, IT found them fre- 
quently in some batches, while from others they would be absent. This 
was probably connected with the different localities from which they 
were dredged by the trawlers. They also occurred in a few Pecten maxt- 
mus, but not in one or two oysters I examined, nor in any other of the 
many Lamellibranchs T looked at. They occurred invariably on the gills 
and never once on the mantle-flap again, which was rather contrary to 
expectation. 

But until I have further examined them, and feel more certain as to 
what they are, I will withhold a description of them. 


Investigations in the Laboratory of the Marine Biological Association 
of the West of Scotland at Millport.—LReport of the Committee, con- 
sisting of Sir JoHN Murray (Chatrman), Dr. J. F. GEMMILL 
(Secretary), Professors BowEr, Cossar, Ewart, W. A. HERDMAN, 
and M. Laurtk, and Messrs. ALEX. SOMERVILLE and J. A. Topp. 


Tur Committee have to report that they allotted 15/. of the grant to 
Dr. James Rankin for an investigation of the Compound Ascidians of 
the Clyde area, and 10/. to Mr. Alex. Patience and Mr. Thomas Scott, 
F.LS., for an investigation of the Crustacea of the Northern Clyde 
lochs. 

Mr. Patience obtained through his grant the use of the s.y. ‘ Mermaid’ 
belonging to the Millport Marine Station for twelve days in May and 
July 1902. He took in all fifty-five hauls with the dredge and trawl, 
chiefly in Loch Fyne, Loch Long, Gareloch, and Loch Goil. His interim 
report to the Committee makes mention of two new Bopyrids—Pleuro- 
erypta patience (Scott), and Plewrocrypta cluthe (Scott)—found by him 
and described by Mr. Thomas Scott in the ‘Annals and Magazine of 
Natural History.’ His report jointly with Mr. Scott also contained many 
details regarding the distribution of the smaller Crustacea in the Clyde 
lochs, but it will be presented to the Committee again when finished. 

Dr. James Rankin, as a result of his Ascidian investigation, reports 
that he has three papers in hand, viz. (1) Second Report on the Tunicata 
of Millport and neighbourhood, including description of Polycarpa cinerea, 
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n. sp. ; (2) Dideninum punctatum, n. sp., with observations on the Lateral 
Languets and the Extension of the Colony ; (3) Protobotryllus tenuis, 
nov. gen. et sp., an ancestral form of the Botryllide. 

As Dr. Rankin has not yet expended all his grant, and as he proposes 
to devote the rest of it to dredging in the Clyde area in connection with 
his investigation, the Committee recommend this, and accordingly they 
ask to be reappointed for next year. 


Bird Migration in Great Britain and Ireland.—Iifth Interim Report 
of the Committee, consisting of Professor Nuwron (Chairman), 
Rey. E. P. Knusuey (Secretary), Mr. Joun A. Harvie-Brown, 
Mr. R. M. Barrineton, Mr. A. H. Evans, and Dr. H. O. ForBEs, 
appointed to work out the details of the Observations on the Migra- 
tion of Birds at Lighthouses and Lightships, 1880-1887. 


Once more your Committee have the satisfaction of reporting that, thanks 
to the unremitting energy of Mr. William Eagle Clarke, the work with 
which they were charged has proceeded without interruption during the 
past twelve months, and they append a report to them by Mr. Clarke, in 
which he has summarised the Observations on the Migrations of the 
Fieldfare (Turdus pilaris) and Lapwing (Vanellus vulgaris) in the same 
masterly manner as he did those relating to the four species (Song 
Thrush, White Wagtail, Skylark, and Swallow) whose movements he has 
already worked out. If the Summaries now offered seem to lack interest, 
it is assuredly only in comparison with those that have been presented 
before, and because the migrations, inter-migrations, and counter-migra- 
tions, even of the Lapwing, however intricate they may at first sight 
appear, make no approach in complication to those of the Song Thrush, and 
still more of the Skylark, while those of the Fieldfare may be said to be 
simplicity itself. Yet the movements of the last-named bird have never 
before been traced in the way that they have by Mr. Clarke. 

It is with great pleasure that your Committee have to report that 
Mr. Clarke is willing to continue his investigations for another year, if 
the Association should think fit to encourage his labours, the amount and 
value of which can hardly be exaggerated ; and, though it is hardly part 
of their business to do so, your Committee cannot refrain from comment- 
ing to the Association upon an instance of extraordinary devotion to the 
subject of the inquiry displayed last autumn by that gentleman. Having 
sought and obtained the permission of the Elder Brethren of the Trinity 
House, he passed a month of his short holiday in the Eddystons Light- 
house, in order that he might gain personal experience of the conditions 
under which nearly all the recorded observations dealt with by him were 
made, and knowledge of many details of migration only to be obtained by 
actual observation. It is gratifying to know that in both respects he was 
successful, as may be seen by the interesting narrative of his voluntary 
imprisonment which he has published.' 

Your Committee regarded their reappointment at the Glasgow meeting 
as a condonation of their somewhat irregular proceeding, acknowledged in 
their last Report, and are happy to be able to state that valuable information 


1 The Ibis, March 1902, pp. 246-269. ww... 
1902. T 
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has been received from various lighthouses and lightships on the South 
Coast of England, the men as before taking very great interest in the 
inquiry, and returning with excellent results the schedules furnished to 
them. Encouraged by this success, schedules have again been sent out 
for the present year. Your Committee respectfully request to be again 
reappointed, if possible, with a renewed grant of money. 


Report by Mr. CLARKE. 


During the past year much advance has been made with the histories 
of the migrations undertaken by certain species of British birds, and those 
relating to the Fieldfare and the Lapwing are herewith submitted to the 
Committee. 

In addition to the various sources of information laid under contribu- 
tion ih their preparation, and mentioned in previous reports, much valuable 
and highly desirable material has been obtained from the Light-stations 
on and off the south coast of England, thanks to the obliging assiduity 
of the light-keepers, who have furnished numerous and excellent schedules, 
many of them replete with useful observations, and in not a few cases 
accompanied by wings of specimens they were unable to identify. 

In September and October last I spent a month in the Eddystone 
Lighthouse, and added much to the practical experience I had previously 
gained at various land stations around our coasts. 


Tue Micrations or THE Fietprare (Turdus pilaris). 


The home of the Fieldfares which visit the British Islands is in Norway 
or Sweden, the former presumably for the most part. The species does 
not breed in Iceland as the Redwing (Z’urdus iliacus) does, and there is 
no evidence to show that any of the small colonies established in various 
tg of Central Europe (Pomerania, Thuringia, and Bavaria) ever contri- 

ute to the throng that arrives on our shores. 

The British migrations of this species may be taken as being generally 
typical of those of (1) a winter visitor to our islands from North-western 
Europe, and (2) of a bird of passage en route from and to its northern 
summer home and winter quarters lying to the south of the British Isles. 
In addition, British winter movements (due to the pressure of climatic 
conditions) and emigration beyond our shores are performed annually. 

Autumn Immigration.—The Fieldfare seldom quits its summer haunts 
in North-western Europe until October. There are, however, authentic 
records of the appearance in Great Britain of odd birds, and, more rarely, 
small parties in September, but such occurrences must be regarded as 
unusual. With a single exception, the September records relate to the 
East Coast and its vicinity.! 

There are annual arrivals of comparatively small numbers in the first 
half of October. It is not, however, until after the middle of the month 
that the first of the great autumnal immigrations is to be expected ; for 
the date of the northern exodus is dependent upon the nature of the 
season, and especially of the crop of berries, in Scandinavia, and, as a rule, 
this does not drive the birds southwards until the third or fourth week of 
October. They continue to arrive on our coasts until mid-November, 
the 19th being the latest date for the years covered by the inquiry. 


* The most remarkable of these early immigrations was the occurrence of a large 
flock near Norwich on September 9, 1880 (T. Southwell). 
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The following are the dates of the chief immigrations recorded during 
the years 1880-1887 :— 


1880. October 21-28. Latest, November 18. 
1881. October 19. 

1882. October 15-16, 18-19. 

1883. October 19, 28-30. November 1-2, 8. 
1884. October 24, 29. November 2, 4, 12. 
1885. October 14, 31. November 8, 10-12: 
1886. October 28, 29. 

1887. October 26. 


It will be observed that in some seasons the birds mainly arrived by 
a series of pronounced movements, while in others a single ‘rush’ only is 
chronicled. When the latter was the case it was preceded or followed 
(or both) by a steady influx, covering the ordinary period of the autumnal 
incoming. On many occasions these great immigrations cover the eastern 
seaboard from Unst, in the Shetland Isles, to, or even beyond, the Wash. 

After arrival the immigrants quickly find their way to accustomed 
winter quarters, including those in the western districts. 

A migratory stream of Fieldfares, though one of much less extent, passes 
down the west coast of Scotland, and is chiefly observed in the Western 
Isles, where it comes much under observation at the rock-stations of Skerry- 
vore and Dhuheartach, and sometimes extends as far to the west as the 
Monach group. The Outer Hebridean branch of this stream reaches the 
north coast of Ireland, whence many of the birds proceed inland to winter 
quarters. Regarding these western movements it must be observed that 
(1) they are not performed simultaneously with those on the east coast, 
and the birds probably reach and pass down our Atlantic shores after an 
overland flight ; (2) it seems probable that the Fieldfares regularly travel- 
ling southwards by way of the Outer Hebrides may reach that far western 
route by way of the Farées, which islands are visited annually in the 
autumn !—an interesting fact since the bird does not summer in Iceland, 
and, moreover, one which indicates an astonishing extension westwards of 
the right wing of the hosts moving southwards on the approach of 
winter.* 

Autumn Passage and Emigration.—An autumn passage to winter 
quarters beyond the British Isles is chiefly observed on our east coast, 
and immediately follows the immigrations of the latter half of October 
and the first half of November. Thus many Fieldfares quit our southern 
shores very shortly after their arrival, and consequently the dates of immi- 
gration, passage, and emigration closely correspond. A number of the 
immigrants observed on the west coast also proceed southwards-—some of 
them along the east coast of Ireland, and thence across St. George’s 
Channel ; others by way of the west coast of England and Wales—and 
these birds of passage finally quit our shores at points on the western 


1 Mr. Knud Andersen informs me that the Fieldfare occurs on migration in both 
spring and autumn at the Faroes. 

2 In the Zoologist for 1880, p. 510, Mr. Gurney mentions that during October 
of that year Fieldfares were observed going from east to west at Cromer; and the 
same authority (op. cit., 1892, p. 61) states that several which had perished on pas- 
sage were picked up at Yarmouth on November 8, 1901. These records, however, do 
not necessarily indicate an east-to-west movement across the southern waters of the 
North Sea on the part of this species. 

T2 
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section of the south coast of England, particularly between the Eddystone 
and the Scilly Isles. 

Winter Movements and Emigration —On the advent of snow and cold 
the Fieldfares quit the higher grounds which form their usual winter 
quarters and seek the lowlands, the coast,! and the south. 

In seasons of exceptional cold and heavy snow vast numbers pass 
southwards along our coastlines and overland en route for the southern 
counties, while many cross the Channel for South-west Europe. Many, 
too, are sometimes observed passing westwards along the south coast of 
England and its vicinity, in company with Thrushes, Redwings, Black- 
birds, Starlings, Larks, Linnets, Lapwings, &c., in search of the milder 
conditions usually to be found in Devon, Cornwall, and the Scilly Isles. 
Emigrants from the mainland of Northern Britain then visit the Hebrides ; 
and numbers enter Ireland from Scotland and North Wales ; but none of 
the numerous Fieldfares which sweep along the south coast of England 
appear to seek the sister isle from the south-east by a passage across St. 
George’s Channel, as do Song Thrushes, Starlings, Larks, and other refugee 
British species. In Ireland during severe periods many leave their 
ordinary winter haunts and pass southwards and westwards for the 
milder areas to be found in the vicinity of the Atlantic. 

The time at which these winter movements take place varies according 
to the nature of the season. In 1886 great cold set in as early as 
November 22, and was the cause of much migration and an exodus from 
our southern shores which continued until the 26th. The movements may be 
local or general, and if a series of cold snaps occurs a corresponding series 
of migrations results; but should the storm be widespread general 
emigrations follow. 

A small number of Fieldfares winter in Southern Scandinavia, and in 
severe seasons some of these are probably driven southwards and west- 
wards, and this no doubt accounts for the occasional appearance of small 
numbers in December in Shetland and Orkney and at the Fardées 
(Andersen). 

Spring Immigration from the South.—Towards the end of March, 
the Fieldfares which have wintered in countries south of the British 
Islands (including, no doubt, the winter emigrants driven from Britain) 
make their appearance on our southern shores. These return passages 
across the Channel are continued at intervals throughout April, and are 
sometimes observed down to the early days of May. 

During these movements the birds are recorded as arriving at night 
or in the earliest hours of the morning, and are usually accompanied by 
Redwings, Thrushes, Blackbirds, Starlings, Wheatears, and other species. 

The immigrants which arrive in England during March do not appear 
to move northwards at once, but sojourn with us for a little time before 
departing for their summer quarters in Northern Europe. 

Spring Passage and HEmigration.—The departure of the Fieldfares 
which have wintered with us, and of the birds of passage on their way 
northwards, does not commence until the early days of April, and ordi- 
narily lasts until the first week in May, but in some seasons is prolonged 


1 The appearance of this bird in numbers on the coast in the winter has led some 
observets to suppose that a renewal of the immigratory movements from Northern 
Europe has occurred, whereas it is directly associated with and is the result of the 
weather conditions prevailing in our islands, which have driven the wintering Field- 
fares from the inland districts. 
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until about the middle of that month, while stragglers have been observed 
as late as the first week in June. 

The earliest emigrants appear to leave in small parties, either alone or 
at the same time as Meadow Pipits, Skylarks, Lapwings, and sometimes 
Bramblings ; but those that follow late in April and in May are observed 
at East Coast stations in great flocks and in company with many other 
emigrants and transient migrants—e.g., Redwings, Ring-ousels, Wheatears, 
Whinchats, Redbreasts, Redstarts, Willow Warblers, Blackcaps, Pied 
Flycatchers, Bramblings, «ce. 

Some of the great spring emigrations cover considerable sections of the 
eastern seaboard, having been observed from the Farne Islands to Orkney 
and Shetland, and from the Wash to the Firth of Forth. 

There are also important movements of departure on the west coast 
of Britain. These are observed somewhat feebly at the English, Welsh, 
and Manx stations, but become more pronounced on the Scotch Coast 
(including the Hebrides), which receives the Irish emigrants en route for 
the north. This western passage also sets in during the earliest days of 
April and lasts until mid-May, but no great general flights are witnessed. 
There is also much overland migration from the western districts to the 
east coast performed throughout Great Britain. 

Before proceeding to the coast for departure, Fieldfares assemble and 
form flocks in the various districts in which they have wintered, and are 
very noisy and restless for several days before they finally quit their 
winter haunts. 

This species is extremely wary, and is less frequently killed or captured 
at the lanterns of the light stations than any of its congeners. 


Tue Micrations or THE Lapwine (Vanellus vulgaris). 


Introductory.—The migrations of the Lapwing in the British Islands 
are especially interesting, and possess features which are not shared by 
any of the species treated of in the reports hitherto presented to the 
Association. 

When we come to investigate the various movements performed by 
this well-known bird, it is surprising to find how largely they escape 
notice. This may to some extent be accounted for by the fact that the 
Lapwing is partially nocturnal in habit, and hence less prone than other 
species to approach the light-stations ; but this does not, I think, afford 
an entire explanation, for other Limicole of even more pronounced noc- 
turnal proclivities, such as the Woodcock, do not pass unobserved to a 
like degree. 

In addition to being a resident during the major portion of the year 
in extensive areas of our islands, the Lapwing is a summer visitor to 
Shetland, Orkney, and the Hebrides, to the more elevated districts 
throughout the mainland of Great Britain and Treland, and to other 
inland areas, especially in the North. 

As winter visitors and birds of passage some numbers arrive on 
our shores in the autumn from Scandinavia and from Western Central 
Europe. 

The great majority of our British-bred birds and, perhaps, also of the 
Continental immigrants, pass the cold season in Great Britain and Ire- 
land, but extensive winter movements are performed under the pressure 
of severe climatic conditions which affect the food-supply. Then many 
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emigrate southwards and westwards, and others cross the Channel to 
the shores of France. 

In addition, many minor or local movements, due to varying weather 
influences, are performed in both autumn and winter in all parts of our 
islands resorted to by this bird. Indeed, almost every change in the 
weather results in some shifting of quarters at these seasons. 

Our native Lapwings are widely distributed and extremely numerous, 
and there can be little doubt that they form the great majority of the 
individuals which participate in the many and various migratory move- 
ments undertaken by this species at different seasons both within and on 
our shores. 

Except the winter movements, when forced and sometimes general 
retreats have to be undertaken, the migrations of the Lapwing are very 
gradually performed and cover an extended period in each season, but no 
general flights simultaneously performed on all or any section of our 
coasts have been recorded. 

British Summer and Autumn Movements.—At the close of the nesting 
season Lapwings, old and young, gather together and form flocks. As 
early as mid-June or during July small parties, even flocks, sometimes 
appear in the vicinity of the coast, and occasionally a few are recorded as 
visiting the islands, or as appearing at the rock-stations and lightships off 
the east and west coasts of Britain. Such movements are not without 
interest, but as a rule it can scarcely be claimed for them that they 
possess any direct bearing upon the ordinary migrations of the bird. 
During some seasons, however, movements southward have been recorded 
in July ;' but these must be regarded as exceptional, and probably due to 
the disturbing influence of local meteorological conditions. 

In August emigration from Shetland commences, and the majority of 
the birds leave during the month. The records of Lapwings at the coast 
stations and at the off-lying lighthouses and lightships? are numerous 
though uncertain, and indicate that movements or wanderings are in 
progress. 

In September the migration southwards sets in in earnest. Early in 
the month those which have summered in Shetland, Orkney, and the 
Hebrides continue or begin to emigrate, and by the middle of the month 
or before, all, save a few stragglers, have departed from the northern group. 
Many, too, quit the higher ground on the mainland, especially in Scotland. 
These decided emigrations result in passage movements southwards or 
towards the shore which are chiefly in evidence on both the coasts of 
Scotland and that of the North of England. 

During October the autumnal movements of the Lapwing reach their 
maximum. The higher breeding-grounds are then entirely deserted for 
the cold season, and much emigration is also in progress from the northern 
and other inland districts and from the Hebrides to accustomed winter 
quarters, such as lowlands in the vicinity of the coast—especially near 


1 The chief of these was observed at the Leman and Ower Lightship (twenty-five 
miles N.E. of Cromer) on July 30, 1887, when, during unsettled weather, a great 
flock passed southwards at 3 P.M. On July 2, 1901, after a strong N.E. wind and 
dirty weather, Mr. S. Southwell saw on a Lowestoft trawler two which had been 
captured out of a large flock about forty miles N.E. of that port. 

* At the Seven Stones Lightship (seven miles off the Land’s End) on August 26, 
1880, about fifty Lapwings were observed flying south-west in the direction of the 
Scilly Isles at 10 a.m, 
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estuaries—and the southern counties generally, including the Scilly Isles, 
which are annually resorted to from October onwards. Many, however, 
remain during mild winters in suitable haunts in Northern Scotland, as 
in the neighbourhood of the Beauly and Moray Firths, where the climatic 
conditions are exceptionally favourable. The British October migrants 
are observed on all sections of the coast, and the passage movements 
southwards are no doubt augmented by the presence of immigrants from 
Northern Europe. 

The movements during the first half of November are a continuation 
of those of the previous month. By about the middle of the month the 
birds have usually settled down for the winter, or until they are com- 
pelled to move by the pressure of adverse weather and its effect on their 
food-supplies. A small number remain in ‘the Hebrides until the first 
onset of frost, 

Although a few records, both Scotch and Irish, point to some immigra- 
tion into Ireland from Northern Britain in September, it is not until 
October and November that such movements are regularly observed. The 
main lines of intermigration lie between the Mull of Cantyre and the 
Solway, and the coasts of Antrim and Down ; while birds quitting or 
traversing the Hebrides reach the shores of Donegal, some of them by 
way of Tory Island. During October and November, too, there is some 
evidence of the arrival of Lapwings in Ireland from the south-east by a 
passage, chiefly observed during the daytime, across St. George’s Channel 
to the Wexford and adjacent coasts. Certain of the later November 
immigrations from the north are associated with the setting in of more 
or less severe weather in Scotland. | 

The autumnal movements of the Lapwing are mainly undertaken 
during the night, but it is only occasionally that the migrants strike the 
lanterns of the lighthouses and lightships. Not a few are seen moving 
during the daytime, while others are observed in the vicinity of the main- 
land stations, or on islands, resting after their over-night flight. 

Autumn Immigration from North-western Hurope.—The autumn 
immigration from Scandinavia! sets in during the first week of October 
and lasts a little over a month. It is observed at stations from and 
including Shetland to those on the northern section of the east coast of 
England. No great arrivals covering extensive portions of the coast line 
have been recorded, as in the case of other species, but only scattered 
records dealing with moderate numbers appearing at intervals. At the 
northern islands, where the birds arrive some considerable time after 
the summer visitors have departed, their appearance is irregular during 
October and November; in some seasons they occur in fair numbers, 
while in others they are very scarce. It is doubtful if we derive any very 
great numbers from Northern Europe, as that portion of Norway from 
which the British Isles presumably receives immigrant Lapwings affords 
only somewhat limited haunts for this bird as a summer visitor. 

The northern immigrants arrive on our shores during the latest hours 
of the night and the earliest of the morning, and frequently appear 
simultaneously, if not in company, with Song Thrushes, Fieldfares, Red- 
wings, Blackbirds, Ring-ousels, Redbreasts, Goldcrests, Bramblings, 
Skylarks, Starlings, Snipes, Woodcocks, «ec. 


1 The Lapwing is only a rare straggler to Iceland, but occurs on passage in small 
numbers during both spring and autumn, in most years, at the Fardes (Andersen), 
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Autumn Immigration from the Hast.—During October and early 
November! there are records of parties of Lapwings being observed at 
the lightships off the south-east coast of England between the mouth 
of the Thames and the Wash and Humber, proceeding from the E. and 
S.E. in a W. and N.W. direction, which leave little doubt that immi- 
grants from the Continent arrive on our shores by a direct passage across 
the southern waters of the North Sea. The arrivals take place during 
the daytime and at night ; but there are no general movements recorded 
at the light-stations, and the observations chronicled are few and 
scattered during any season, though the numbers recorded are occasion- 
ally considerable. 

Mr. Caton Haigh informs me that the normal course of the Lapwing 
arriving on the N.E. coast of Lincolnshire is from 8.E. to N.W., and 
Mr. Gurney has occasionally observed them coming in on the Norfolk 
coast from the E. and §.E. 

Autumn Passage of Immigrants.—Beyond passing partially down 
coast lines, chiefly the east, and overland to reach their winter resorts in 
Britain, it is uncertain whether the immigrant Lapwings perform other 
passage movements on arriving on our shores in October. If such tran- 
sient migrations southward to countries beyond the British seas do take 
place immediately, or soon, after Britain is reached—as is undoubtedly 
the case with other species—then they have hitherto escaped notice at 
the southern stations. 

Autumn Emigration from Britain.—Our native Lapwings and the 
autumnal visitors from the Continent seem loth to quit our shores. I 
have not been able to find any evidence of emigration beyond British 
limits for the months of September and October, though the movements 
southward during the latter month would lead one to expect that some 
of the birds then depart from Britain. 

No Lapwings have been detected, according to our data, crossing the 
Channel before November, when no doubt the approach of winter, espe- 
cially low temperatures, constrains some of them to seek more genial climes. 
During this month they have been recorded as leaving our southern shores 
in considerable numbers at night in company with Mistle Thrushes, 
Song Thrushes, Fieldfares, Redwings, Blackbirds, Starlings, Larks, Golden 
Plovers, and others. Some of these cross-Channel emigrations are asso- 
ciated with general movements of Lapwings and other species down both 
the east and west coasts of England. 

Winter Movements and Emigration.--The winter movements of the 
Lapwing consist of emigrations from Britain for more southern lands, and 
of partial or extensive migrations performed within our area. 

They are controlled by and vary with the climatic conditions of the 
season, and their extent is proportional to its severity. 

Should the late autumn and the winter prove mild, the Lapwings 
remain unmolested, so to speak, in their accustomed retreats. Sooner or 
later, however, each winter cold weather of a more or less severe type, 
and of either local or general prevalence, sets in, and then the birds, owing 
to their inability to obtain food. are compelled to change their quarters 
for others free from its blighting influence : these havens may be near at 
hand or far removed in accordance with the extent of the area adversely 


1 In 1885 at the Hasbro Lightship, off the Norfolk coast, many were passing 
W. and W.N.W. on the nights of November 22 and 23 perhaps a cold weather move- 
ment from the Continent. 


ON BIRD MIGRATION. 281 


affected. Heavy snow and severe frost cause great movements south- 
wards along the coasts and overland. Should such conditions extend to 
the South of England much emigration is embarked upon for the shores 
of France, great numbers of Lapwings crossing the Channel both by day 
and night. Occasionally during these periods of exceptional severity 
many of these birds, along with other species affected (‘ Thrushes,’ Larks, 
Starlings, &c.), are observed moving westwards during the daytime along 
the south coast of England and its vicinity en rowte for Devon, Cornwall, 
and the Scilly Isles, and not a few then cross St. George’s Channel to 
Treland,! where milder conditions usually prevail. In the Sister Isle the 
counties of Cork and Kerry are largely resorted to by the Irish birds 
when in distress. There appear to be no winter movements westward to 
the Hebrides as in the case of several other species affected by severe 
weather on the mainland. 

The time when the winter emigrations from Britain may be enforced 
varies greatly. Thus during the season 1901-1902 the weather in the 
South of England remained mild until February, when it became excep- 
tionally severe, and continued so for a long time. At the Eddystone and 
elsewhere on the South Coast no Lapwings had been observed crossing the 
Channel previously during the winter, but on February 2, and again on the 
13th and 15th, great numbers passed southwards both by day and by night. 
Winter movements within our isles have been recorded as late as mid- 
March ; on the 15th, in 1881, many Lapwings, along with Skylarks, Star- 
lings, Golden Plovers, Woodcocks, and Snipes, were observed flying south- 
wards before snow at the Nash Lighthouse, on the north shore of the 
Bristol Channel. 

It is when retreating before these adverse conditions that the move- 
ments of the Lapwing become pronounced and widespread, and, in this 
respect, contrast markedly with the other migrations of this species. It 
is on such occasions, too, that the bird chiefly approaches the lanterns and 
is killed or captured, a fate which does not commonly befall it.” On the 
night of December 17, 1885, twenty-one were captured at the Eddystone 
out of several hundreds which appeared at the light—the record for the 
period 1880-1887. Comparatively few perish by starvation, even in 
winters of exceptional severity. 

Winter Immigration from Western Central Hurope.——During severe 
winters on the Continent the east-to-west passage of Lapwings across 
the southern waters of the North Sea is renewed. The immigrants, as 
in the autumn, arrive on the south-east coast of England and pass 
westward in search of the milder areas within our isles.* 

Spring Movements from British Winter to Summer Haunts.—To their 
breeding grounds in England and the south of Scotland Lapwings may 
be induced by the prevalence of mild weather to return in small parties 
as early as the end of January and beginning of February, but are 
usually compelled to retreat by the advent or recurrence of severe 


? Occasionally during severe winters numbers of Lapwings have been observed 
passing westwards at stations off and on the east coast of Ireland, which points to a 
passage of emigrants from North Wales. 

2 In sixteen years eight only were obtained at the Irish light-stations; and Mr. 
Herluf Winge informs me that twenty-one were killed at the Danish stations during 
a like period. 

Ss At Great Yarmouth on December 22, 1894, hundreds of Lapwings were 
obseryed ‘coming oyer’ against a strong N.W, gale, and many were drowned 
(Zaologist, 1900, p. 163). 
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climatic conditions. The usual period for their appearance in their 
summer haunts is about the last week in February and early in March, 
and should severe weather follow later in March, then many perish in 
the more exposed areas. The Scilly Isles are quitted as a winter resort 
by the middle of February in ordinary seasons. 

Immigrants occasionally appear in Orkney at the end of February, 
but this is exceptional, for the summer visitors to these islands do not 
usually arrive before March, and in some seasons the date of their first 
appearance is not chronicled until the early days of April. The return 
to Shetland is usually tied from mid-March onwards ; but immigratory 
flocks have been recorded as early as March 3, and the Hebrides are 
sought during late February and early March. The spring movement 
is a gradual one, and nothing of a general nature is observed. 

Spring Immigration from Southern Hurope.—The return of the 
Lapwings which departed from our islands in the autumn and winter 
only occasionally comes under notice at the light-stations and elsewhere 
on the south coast of England. Fortunately, however, we possess some 
important records of these spring immigrations for the latter half of 
March, when the Lapwings have been observed returning in company 
with Wheatears, Mistle Thrushes, Fieldfares, Blackbirds, Starlings, and 
other species. The chief of these cross-Channel return movements were 
witnessed during the earliest hours of the morning. 

Spring Return to Ireland.—Late in February, during March, and 
sometimes early in April, Lapwings are observed during the daytime 
arriving from the §.E. and passing N.W. at the light-stations off 
the Wexford coast. There is no special reason for regarding these as 
passage movements, and, taken together with the facts, (1) that they are 
not observed proceeding up the eastern coast line northwards, and 
(2) that during winter Lapwings are recorded as passing southwards on 
the extreme southern sections of both coast lines, it is not improbable 
that some of these birds quit Ireland under the pressure of climatic 
conditions and return in the spring. 

Spring Passage Northward and Emigration to Northern Europe.— 
The spring passage northward to British and Continental breeding 
haunts is one of the best observed phases in the ordinary seasonal 
migrations of the Lapwing. It is witnessed on both the east and west 
coasts and in the northern islands. 

In some years a few are seen, even at northern stations, on passage at 
the end of February, and many have occasionally been observed during 
the latter half of the month and at the beginning of March, but these 
early transient migrations are dependent upon the genial nature of the 
season. The movements are regularly observed during March and are 
much in evidence until about mid-April, after which stragglers only are 
observed.! 

The numbers observed en route are only occasionally described as being 
considerable, and, as a rule, consist of flocks or small parties, observed at 
widely scattered stations, there being no general or simultaneously per- 
formed movements. 

These birds of passage move during the night,and in the daytime 


1 On May 3, 1885, a great rush of birds of passage was observed at the Isle of 
May, at the mouth of the Firth of Forth. The species recorded included Fieldfares, 
Redwings, Ring-ousels, Blackbirds, Pipits, Redbreasts, Whinchats, Redstarts, Pied 
Flycatchers, Ortolan Bynting, and some Lapwings. 
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may be seen at various points on the coast and the off-lying islands—the 
Farnes, Isle of May, and the Pentland Skerries on the east, and the Isle 
of Man, Dhuheatach, Skerryvore, Sule Skerry, and even the remote 
Flannans, on the west—and at the various isles of the Orkney and Shet- 
land groups. A number proceed overland in various directions to reach 
the coast. 

The emigrants for North-west Europe mainly move along the east coast, 
and many cross the North Sea ere the Orkneys and Shetlands are reached, 
though some numbers visit these islands regularly on passage to their 
Scandinavian summer quarters. 

The Lapwings which have wintered in Ireland begin to move north- 
ward, in mild seasons, about the middle of February ; but the chief 
emigrations take place during March, after which month they fall off, 
though some have been observed in the end of April. The latter, how- 
ever, are exceptional occurrences. The emigrants mainly depart from the 
north-éast coast and proceed in various directions towards Scotland : these 
are chiefly observed during the daytime. There is also a return migration 
to the south-east from the Wexford and adjacent coasts late in February, 
but this, like most emigratory movements, largely escapes notice, and our 
data regarding it are only slight. 

No return migrations of Lapwings from our south-eastern shores to 
Western Central Europe by a west-to-east passage across the southern 
waters of the North Sea have been detected. But when we call to mind 
the difficulty of making observations and the general obscurities that sur- 
round the nocturnal emigratory movements this is not very surprising, 


Index Generum et Specierum Animalium.—Report of the Committee, 
consisting of Dr. H. Woopwarp (Chairman), Dr. F. A® BaTHER 
(Secretary), Dr. P. L. ScLarer, Rev. T. R. R. Stessine, Mr. R. 
McLaca.an, and Mr. W. E. Hoy.e. 


THE Committee beg to report that the first section of Volume I. of the 
‘Index,’ dealing with the period 1758-1800, has been printed off. The 
volume will be completed by a list of all the specific names indexed under 
the generic names with which they are associated. This part of the 
work is rapidly approaching completion, and it is expected that the 
volume will be issued in October this year, as already announced. It 
will consist of about 1,300 pages in post 8vo, and will be published by 
the Cambridge University Press, at a price of 25s. to those who subscribe 
before the day of publication. 

The energies of Mr. C. Davies Sherborn have naturally been fully 
absorbed in passing these sheets through the press ; but work on future 
volumes, which has never been wholly laid aside, will now be taken up 
again in earnest. The Committee therefore earnestly request to be 
reappointed and to have a renewal of the grant of 100/., without which this 
highly important work cannot be carried on. 
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Coral Reefs of the Indian Region.—Third Heport of the Committee, 
consisting of Mr. A. SEDGWICK (Chairman), Professor J. GRAHAM 
KERR (Secretary), Professor J. W. Jupp, Mr. J. J. Lister, Mr. 
Francis Darwin, Dr. S. F. Harmer, and Professors A. MACALISTER, 
W. A. Herpman, and 8. J. Hickson, appointed to investigate the 
Structure, Formation, and Growth of the Coral Reefs of the Indian 
Region. 


Tue Committee have received the following report from Mr. J. Stanley 
Gardiner :— 


During the greater part of the year I have been engaged in working 
up the Coral Formations of the Maldive and Laccadive Archipelagoes. 
Most of the collections of animals also have now been sent out to various 
specialists, and are awaiting identification. 

The results of the expedition are being published in a series of demy 
quarto parts by the Cambridge University Press, under the title of ‘The 
Fauna and Geography of the Maldive and Laccadive Archipelagoes.’ 

Parts 1 and 2 of Volume I. have been issued, and contain a short 
account of the expedition, and Chapters I.-VII. of my Report on the 
Coral Formations, besides the following special reports : ‘ Hymenoptera,’ 
by P. Cameron ; ‘ Land Crustaceans,’ by L. A. Borradaile ; ‘ Nemerteans,’ 
by R. C. Punnett ; ‘Amphibia and Reptilia,’ by F. F. Laidlaw ; ‘ Lepi- 
doptera,’ by Ed. Meyrick ; ‘ Echiuroidea,’ by A. E. Shipley ; ‘Sipuncu- 
loidea,’ by A. E. Shipley ; ‘Land and Freshwater Mollusca,’ by Edgar 
A. Smith ; ‘Pigments of Corals,’ by C. A. MacMunn; ‘ Crustaceans 
(Varieties and Portunidae)’ by L. A. Borradaile ; ‘Chaetognatha,’ by 
L. Doncaster, and ‘ Dragon Flies,’ by F. F. Laidlaw. 

Reports have also been received on the Actinogonidiate Echinoderms, 
the Dredged and Freshwater Fish, Orthoptera, Crustaceans (Xanthidae), 
Turbellaria, Earthworms, Birds, Cephalochorda, and Nudibranchiata, and 
will shortly be published. 

‘The Botany of the Maldive Islands’ has been exhaustively dealt with 
by Mr. J. C. Willis and myself in the ‘ Annals of the Royal Botanic 
Gardens, Peredeniya,’ vol. i., part 2. 

The Committee desire reappointment. 


The Zoology of the Sundwich Islands.—Twelfth Report of the Committee, 
consisting of Professor A. NEwron (Chairman), Mr. Davin SHARP 
(Secretary), Dr. W. T. BLaNForD, Professor S. J. Hickson, Dr. P. 
L. Scrater, Dr. F. Du Cane Gopman, and Mr. Epcar A. Siri. 


Tu1s Committee was appointed in 1890, and has been since annually 
reappointed. Last year a grant from the Association was asked for by 
the Committee, but was not accorded. The Committee were consequently 
for a time without the funds necessary to enable them to retain the ser- 
vices of Mr. Perkins, on whom they relied to complete the working out 
of the extensive collections. 

Last June the Committee received for its work a grant of 2001, 
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from the Government Grant Committee of the Royal Society. In the 
meantime Mr. Perkins had accepted an appointment in the Sandwich 
Islands, and there is now little prospect of his speedy return to England. 
As a consequence work has been suspended to a considerable extent. 
Mr. Perkins has, however, been so kind as to draw up an account of the 
Birds ; and the working out of the Diptera has been completed by Mr. 
Grimshaw and Dr. Speiser. The Hemiptera have been finished by 
Mr. Kirkaldy, and it is anticipated that the supplement to Lepidoptera, 
by Mr. Meyrick, as well as the Micro-lepidoptera by Lord Walsingham, 
will shortly be ready for publication. 
The Committee ask for reappointment, with a grant of £50. 


Terrestrial Swrface-waves and Wave-like Surfaces.—Second Report of 
the Committee, consisting of Dr. J. Scorr Keurig (Chairman), 
Dr. VauGuan CornisH (Secretary), Lieut.-Col. Batrtey, Mr. BE. A. 
Froyer, and Mr. W. H. WHEELER. (Drawn up by the Secretary.) 


Since the Glasgow meeting the observations upon drifting snow made 
in Canada during 1900-1901 have been worked up, and the principal 
results published in the ‘Geographical Journal’ for August 1902 ina paper 
upon Snow Waves and Snow Drifts in Canada, with notes upon the 
Snow ‘ Mushrooms’ of the Selkirk Mountains. 

In this paper the forms of stationary snowdrifts (or sandhills) formed 
in the neighbourhood of fixed obstructions are for the first time brought 
into harmonious relationship with the forms of travelling snowdrifts (or 
sandhills). The former, when completed by the supply of sufficient 
material to fill in the whole of the eddy space, are ichthyomorphic struc- 
tures of easy lines, with a fine ‘run’ and relatively bluff ‘entrance’ to 
windward. 

In the travelling drifts, or waves, on the other hand, the eddy space 
on the lee side is never filled up, as it continually moves forward (which 
is the wave motion), and the form maintains the fine entrance and blunt 
stern which is the aspect of greater eddy-making resistance. 

The observed shapes of incomplete snowdrifts (and sandhills) are 
numerous, but it is believed that all are circumscribed by the assigned 
ichthyomorphic boundary, the lines of which are finer in the case of snow 
than in that of sand. 

Progress has been made in the examination of measurements of deep 
sea waves by different observers. It is found that the records of the 
velocity of ocean swells, observed after storms, have acquired a new 
interest from the recent reduction of about 25 per cent. in the factor used 
by meteorologists for calculating the velocity of wind from the records of 
the cup anemometer. Employing the newer values, it appears that the 
velocity of the longest observed oceanic swells in European waters is but 
little less than the greatest hourly velocity of wind reliably recorded on 
our coasts. 

An extended table of the heights of deep-sea waves as related to the 
velocity of the wind has been drawn up, in which it is found that when 
the scales of estimated wind force expressed by conventional numbers are 
reduced to a common standard, and the newer equivalent velocities. 


286 REPORT—1902. 


applied throughout, fairly concordant results are obtained for observations 
by different observers made during different years from different ships. 

Observations have been made of the tidal bore in the River Severn, of 
which a successful cinematograph picture was obtained at Stonebench 
near Gloucester, which has been described in the ‘Geographical Journal’ 
for January 1902 (‘Cinematographing the Severn Bore’). Observations of 
the bore have been made at other places on-this river, and it is proposed 
to continue these, and to make similar observations on the River Trent. 

The pictorial record of terrestrial surface waves and wave-like surfaces 
has been extended by new photographs of the Severn bore at* different 
stages, breakers in a storm, wave track of ship-models at the Admiralty 
Experiment Works, Haslar ; the wave track of a torpedo-boat destroyer, 
&c., and observations and photographs have been made of the move- 
ments of mud streams, which will be reported upon later. 

The grant has been expended, and the Committee ask for reappoint- 
ment, with a grant of 25/. 


Women’s Labour.—Second Report of the Committee, consisting of 
Mr. E. W. Brasrook (Chairman), Mr. A. L. BowLey (Secretary), 
Dr. Cuar.es Boor, Professor 8. J. CoapmMan, Miss C. E. Couuet, 
Professor F. Y. EpGEwortH, Professor A. W. FLux, Mrs. J. R. 
MacDonatp, Mr. L. L. Price, and Professor W. Smarr, 
appointed to investigate the Hconomic Effect of Legislation requlating 
Women’s Labour. 
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Tue Committee had associated with them in their work Miss A. M. 
Anderson, Miss Helen Blackburn, Professor George Adam Smith, D.D., 
and Mrs. H. J. Tennant. 

They have received reports from investigators in several of the districts 
where women are largely employed.! The results obtained from the 


1 The investigators were requested to observe the following points : 


I, The effects of the legislation generally :-— 
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reports are contained in Appendices I. to IX. The Committee present 
these results as instalments of opinions and information received by them 
bearing upon the questions referred to them, but must not be understood 
to have adopted any of the conclusions arrived at by the investigators, or 
to present them as the opinion of the Committee. 

Reports having reference to the industries of Glasgow and other 
parts of Scotland have been received, but they are reserved for a future 
report, as some of the questions involved have given rise to discussion, 
and it is desirable that fuller information should be obtained. 

It should be observed that all the subjoined statements relate to a 
time previous to January 1, 1902, when the Factories and Workshops 
Act, 1901, came into operation. 

The Committee have also obtained information bearing upon the inquiry 
from foreign countries, the results of which are set forth in Appendices X. 
to XV. 

For obtaining further information and presenting the general results 
of the inquiry in a complete form they desire to be reappointed. 


I.—The Economic Effect of Legislation regulating Women’s Labour in the 
Cotton Industry of Lancashire. By Professor 8. J. Cuapman. 


By the Act of June 6, 1844 (7 Vict., c. 15), all adult females in fac- 
tories were made subject to the same restrictions as young persons. They 
were therefore forbidden to work, as a rule, more than sixty-nine hours 
per week, or twelve hours a day, or to work between the hours of 8.30 p.m. 
and 5.30 A.M., except in comparatively rare cases. By the Act of 1845 
(8 & 9 Vict., c. 29) all-night work by women was strictly forbidden. The 
Acts had no marked effect on the demand for women, though the number 


(1) Has it necessitated or induced any alteration of custom, or merely en- 
forced what was customary before, in the case of the women themselves, 
in the industry in question, or in others related thereto ? 

(2) Has it necessitated any alteration in the case of other workers (men, 
young persons, or children) in the industry in question, or in other 
industries related thereto ? 


Il. The effects of the legislation specially, on the position of women :— 


(1) Has it lowered or raised the wages of women (either temporarily or 
permanently) ? 

62) Has it caused any displacement of women? 

(3) Has it initiated any important changes in the use of machinery or the 
division of labour ? 

(4) Has it increased the efficiency of the women themselves, as industrial 
agents? And is this efficiency due to all, or only to some, of the legal 
restrictions ? 

(5) Has it increased their economic efficiency as members of society (é.g., with 
relation to home life, the health of the children, the morality of the 
race), and are these effects due to all, or only some, of the restrictions ? 


N.B.—The legislation may affect the demand for women’s labour :— 


(1) Directly, in the industry in question, by adding to difficulties of manage- 
ment, or by diminishing the output of the women themselves, or of 
others engaged in the work. 

(2) Indirectly, by effects on other industries related to the industry in 
question ; or it may increase the supply of women and their substitution 
for men, by rendering the work healthier or easier. 
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of children employed in factories began to increase, owing partly to the 
simpler regulations imposed by the Act of 1844.' Indeed, on comparing 
the years 1833 and 1847, we find that the number of adult women 
employed in the cotton industry increased faster than the number of 
adult males. The immunity of women from any special loss was in some 
degree due to the fact that for a long time previously male operatives had 
been bitterly opposed to night-work, and that the system of night-work 
had in consequence been largely discontinued. Moreover, the numbers of 
women and young persons employed in the cotton industry were so great 
in comparison with the number of men that factories could not be carried 
on without them, even for a short time, with any degree of success, and 
it was not economical to dispense with them entirely. The peculiarity of 
the] effect of the Factory Acts in the cotton industry consists in the cir- 
cumstance that what is compulsory as regards hours and general conditions 
for women must be compulsory for all, because the mills cannot run with 
male operatives alone without the cost of production rising considerably. 
The following are the particulars as to the classes of people employed in 
cotton factories in 1847 :—- 


England Males Females 
Under 13 6 P 10,723 6,814 
Between 13 and 18 . b 33,814 47,944 
Above 18 . P - 78,783 98,950 
123,320 153,708 

Scotland 
Under 13. % : + 379 366 
Between 13 and 18 . : 3,046 8,661 
Above 18. a 5,796 16,868 
9,221 25,895 

Treland 
Under 13. : A ; 4 11 
Between 13 and18 . ~ 592 773 
Above 18 . : A e 954 1,849 
1,550 2,633 
Total forsUnited Kingdom? . 134,091 182,236 


that is, there were 85,533 adult males to 230,794 women, young 
persons, and children. In 1870 there were 117,046 adult males to 333,041 
protected persons, and in 1896 only 149,146 adult males to 383,774 
women, young persons, andchildren. By the Act of 1847 (10 Vict., ¢. 29) 
the hours of young persons and women were reduced at once to eleven 
a'day and sixty-three a week, and after May 1, 1848, to ten a day and 
fifty-eight a week. Just at first it resulted in attempts to keep the 
works going the full legal day (from 5.30 a.m. to 8.30 P.M.), with relays of 
protected persons. The relay systems adopted were complicated and 
defied the attempts of the factory inspectors to find out whether pro- 
tected people were being worked longer than the legal hours or not. 
Hence the Act of 1850 (13 & 14 Vict., c. 54), which did away with this 
state of affairs by fixing the legal day between 6 A.M. and 6 P.M., or in 


» Horner’s Report, May 1846. ‘ 
2 Parliamentary Papers, 1847, xlvi. 610-16, (Numbers as in British Museum, 


MS. paging.) 
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winter between 7 A.M. and 7 p.M., at the option of the employers. By an 
unfortunate oversight children were not brought under this statute, so in 
some few cases male adults and children were set to work outside the 
legal hours. This was stopped by the Act 16 & 17 Vict., c. 104, which 
limited the work of children to the legal day. These Acts were not 
followed by any displacement of women. On the contrary, in the period 
1847-70 the number of women and female young persons employed in 
cotton factories increased faster than the number of adult males. The 
centesimal proportions of different classes of labour employed in cotton 
factories were as follows in 1850 and 1875 :—! 


Males of 18 and 


Gialdren: / Male (young Females of 13 and | 
persons) above | above | 
P esa | 
1850 1875 | 1850 | 18765 | 1850 1875 | 1850 | 1875 | 
| | 
| | | 
64 | 14 | 108 fe Bf BBB fh Bk fe BT Be | 


The effect of this legislation in cutting down the working day for all 
hands alike was due in large part to the fact that the male operatives 
wanted shorter hours for themselves, and wanted them because they 
believed that thereby the demand for labour would be increased. We 
cannot enter into their views here ; but they certainly fought a battle for 
short-time for themselves ‘behind the women’s petticoats.’ Ifan employer 
tried to dispense with protected persons for certain hours of the day he 
very soon found that the Act for women and children was intended by 
the men to be an Act for themselves also. When Leonard Horner, in 
1848, questioned 1,153 operatives, male and female, as to their views, 
613 per cent. declared in favour of the ten hours’ day ; out of the 502 
women examined only 54} per cent. showed themselves to be on the same 
side.” 

The next important Act regulating women’s labour was that of 1874, 
the ‘Factories (Health of Women, &c.) Bill,’ by which a 565 hours’ 
week was enforced. Though not applicable to male adults, it curtailed 
their labour also for the reasons given above; in fact it was openly 
advocated by the male operatives in their own interests. Again, in 
consequence, no displacement of women followed ; in the period 1870-78 
the number of women and female young persons employed in cotton 
factories increased faster than the number of adult males. 

So far we have been concerned with the question as to whether the 
Factory Acts affected women prejudicially in any special manner ; now 
we may pass on to consider whether any of the cotton operatives, male or 
female, suffered at all, and if so whether the advantages offset the dis- 
advantages. Ican find no proof that the product or wages fell appreciably 
as a result of any of the Acts; in fact, I cannot but incline to the view 
that by the Acts on the whole both the product and wages were increased 
in the long run. Leonard Horner carefully watched for the effects of the 
Act of 1847, and in 1850 he reported that the daily output under shorter 
hours was about the same as before, in some cases even with machinery 
going at the old speeds. It was found, he said, that the operatives were 
fresher, more careful, and fuller of vitality, and that they could tend 


1 See Redgrave’s Report for April 1875, 
2 Horner’s Report for December 1848. 


1902. U 


390 REPORT—1902. 


without additional strain machinery running at higher speeds. This, 
observe, was before the full effect of the Act in increasing vitality could 
have appeared. As to the Act of 1874, its effects were finally reported 
to be ‘trifling and insignificant’ as regards wages and the average daily 
output.! 

Of course in some respects the legislation specially affecting women 
could not but affect their earnings occasionally ; for instance, the regula- 
tion by which they are bound to be absent from the factory for a fixed 
time after, child-birth. This period is now four weeks (having been so 
fixed by Section 17 of the Factory and Workshop Act, 1891), but in the 
opinion of many medical men it is highly desirable that it should be 
extended—some say to three months, and Dr. Tatham has urged to as 
much as six months. Few people could be found to argue seriously that 
the regulation curtailing attendance at the mill just after child-birth has 
not proved beneficial to the mothers, and it is highly probable that 
women’s average earnings over a long period are thereby increased. 

With a view to getting suggestions as to the present operation of 
legislation * affecting women’s Jabour and learning the attitude of employers 
to it, I sent out to many manufacturers and spinners in the chief centres 
of the cotton industry a circular, of which a portion is given below :— 


‘ Would you be good enough to tell us— 


(1) Whether the clauses in the Factory Acts relating to women 
hamper you in any way ? 

(2) Whether this legislation has caused a displacement of women 
or men ? 

(3) Whether it has raised or lowered wages ? 

(4) Whether it has affected the efficiency and health of women ? 


And would you kindly give us in general your opinion of the value or 
otherwise of legislation regulating women’s labour? Would you like it 
altered or extended in any way ?’ 


The replies received were not sufficiently numerous to enable them to 
be regarded as typical. However a brief summary of their general tenor 
will not be without interest. A.few employers argued that the industry 
was made excessively inelastic, so that it became incapable of meeting 
sudden demands. As regards the second question the answer was invari- 
ably that no displacement had been caused. To the third question the 
answer was in almost every instance that wages had not been affected. 
Many were agreed that the legislation on the whole had improved health, 
and, consequently, efficiency, though some thought that parts might be 
rendered less interfering. One important firm expressed itself as strongly 
of opinion that the period (now four weeks) after confinement during which 
women are not allowed to work should be extended. 


’ Reports, &c., 1876, xvi. 293. See also Reports, &c., 1875, xvi. 317, and 1876, 
xvi. 301. (Numbers as in British Museum, MS. paging.) 

? No attempt has been made to estimate the effect of the twelve o'clock Saturday, 
owing to its recent introduction. 


te a ie 


ON WOMEN’S LABOUR. 291 


-_ 


II.—The West Riding of Yorkshire. Report by Mr. A. L. Bowzey. 


The following report is based chiefly on the results of a visit to the 
chief towns and districts of the West Riding in the summer of 1901, 
together with some study of reports, pamphlets, and newspapers relating 
to the textile industries of Yorkshire. Information was obtained from 
employers in Bradford, Huddersfield, Batley, Leeds, and elsewhere, from 
the principal trade-unionists connected with the textile industries, from 
medical otticers of health, workpeople, and others. Besides the textile 
manufacture, the Leeds clothing trade, and the boot trade of the Leeds 
district were the subject of inquiry. 

There have been very few alterations in the laws since 1874 which 
affect the woollen and worsted industries. The present generation has 
grown up under the Act of 1874, and it was very seldom possible to get 
any definite information as to the changes that took place at or before 
that date. The most profitable plan appeared to be to find out at what 
points the laws as they now stand are visibly restrictive, and hence to 
deduce the effects they have had in moulding customs and conditions. 

The preliminary question however was, Are the laws carried out { 
The general impression is that the whole lives of the workpeople are regu- 
lated on the basis of the legal hours of labour. There was some hearsay 
evidence that in one village illegal hours were recently worked with the 
connivance of the inhabitants ; that small workshops in Leeds in some 
cases escaped inspection, and that work was done beyond legal hours both 
in the Jewish workshops and in the case of girls in the wholesale tailoring, 
who are given home-work after being employed in the factory. Minor 
breaches, on the other hand, appear to be not uncommon. Inspection is 
rendeied more difficult’ by the thirty days’ legalised overtime. In most 
numbers of the ‘Yorkshire Factory Times’ there are complaints that in 
one mill or another time is being cribbed. Working in meal hours is not 
unknown ; though the engine is not running, women are apt, unless pre- 
vented, to do odds and ends which will prevent loss of time afterwards. 
There are also constant and specific complaints that cleaning in motion is 
necessary to satisfy the overlooker’s demands, especially in the carding- 
room. In Batley cleaning in motion is said to be ‘customary, and no one 
troubles.’ The ‘ particulars ’ clause seems to fall easily out of effective use 
in the clothing trade, but it is said to be useful. In the main, however 
the laws as to hours are carried out, and the Acts have become more did 
more effective in workshops, while laundries are now being rapidly brought 
under supervision. i 

A special object of inquiry was to find at what points women actual] y 
competed with men, and in what cases women worked 564 hours, while 
men in the same factory worked a longer or a shorter time. 

In the Bradford dyeing trade men worked from 6.0 a.m. to 7.0 p.m. on 
a fuli day, the engine running all the time. The few women employed 
worked ten hours a day and 56} hours a week with the same engine. 
When night-work is necessary young men work on the women’s machine. 

Combing has in comparatively recent times become a women’s trade 
in the day-time. In Bradford the women work 56} hours, while men at 
night on the same machines work sixty-one to sixty-three hours, the two 
groups meeting morning and night. Where, however, as at Keighley 
master spinners do their own combipg, it is customary to run overtime 
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instead of night-shifts, and then men are employed throughout, for it is 
not worth while to put on a shift of men for a few hours. In other similar 
cases, however, some of the men carders work at the combs when the 
women leave, the remainder keeping them supplied. It seems the general 
opinion that, were the Acts removed, the women, whose work is cheaper, 
would be driven to overtime and night-work, 

When there is great pressure men succeed the girls after hours at fly- 
spinning in Bradford. 

In the card-room the grinders (men) often work overtime. 

At Huddersfield men work fifty-nine hours, women 565, in the same 
room at the scribbling machines. The feeding machine starts at 6.0 a.m. and 
runs without stopping till 8.0 or 9.0 p.m. in busy times. The male fettlers 
leave their proper work to tend it before the women come, after they go, 
and during meal-times. 

At Huddersfield, when night weaving is necessary, and occasionally 
only for overtime, the men continue the piece that the women have begun. 
More than one manufacturer in Leeds and Batley has tried night weaving 
with men, but found that it did not answer. 

Spinning is also occasionally done at night in the Huddersfield and 
Batley district, young men acting as piecers instead of girls. 

In Batley it is quite common for men to work overtime on the women’s 
carding machines. They get 5d. an hour, the women 12s. for 565 hours, 
i.e. 24d. an hour. The men do one-third more work in the same time. 

In some factories the men still work the fifty-nine hours general before 
1874. 

Thus there are many cases where the women work full hours, and are 
then succeeded by men. On the one hand this indicates that there is an 
unsatisfied demand for cheaper women’s labour ; on the other, that the 
Acts have a very distinct effect in restricting their hours.'| The general 
opinion seems to be that the women do not resent this interference, and 
that, though as individuals they would probably work longer hours if 
allowed, as a body they would be unwilling to do so. 

It is only in special cases that this interchange is possible. I was 
told that in the Leeds boot trade men and women do not compete ; the 
line of demarcation of work is impassable. In the wholesale clothing 
factories, pressing is the only work done both by men and women. When 
there is no necessary line custom may often provide an effective one. 
The case is, however, often decided by the demand for labour in other 
industries. Thus in Leeds the men and boys rapidly find employment ;. 
hence the piecers are girls and the weavers are women. In Batley the 
mines have been progressively taking the men from the looms, and the: 
proportion of men weavers is diminishing. In Huddersfield there is still 
a large number of men weavers. Of all the factors which decide whether’ 
women or men shall be employed on a particular machine, it appears to 
me that the restrictive laws are the least important ; the relative expense: 
of the labour of the two sexes, the suitability of the work, local custom, the’ 
demand for labour in other industries, all have great influence ; but the cases: 
where men are preferred to women, because of the 565 hours law, are far’ 
to seek. J inquired on this point of every one I talked with, and amongst: 


1 It should be remarked in this connection that in the Reading printing and! 
binding trades the ordinary hours are below the legal limit, yet necessary overtime 
on the women’s machines is done by men. : 
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a general body of denial I found only the following exceptions : the case 
of the woolcombers in the Keighley district, already mentioned ; in a 
Leeds factory it was said that overtime was necessary in pattern-weaving, 
and hence a very few women perhaps lost work ; a prominent member of 
the Leeds Chamber of Commerce alleged that there were many such cases, 
but failed to produce details ; at Hebden Bridge, in a mill where weaving 
and the making-up of ready-made clothing were carried on in the same 
building, men weavers were taken in order that they might work the 
same hours as in the clothing department, but this was a very unusual 
difficulty. 

The fact seems to be that the whole industry of the West Riding is 
accommodated to the laws, and that there is in nearly all districts an 
equilibrium between the demand for labour of both sexes and all ages and 
the effective supply ; that men could not be obtained for the women’s work 
(at any practicable wage), even if they could do it ; and that all efficient 
women can get work in their respective industries when they are moderately 
busy. 

It is an important but very difficult problem to decide what hours 
would now be worked in the factories if there wereno Acts. The following 
instances go to show that the hours would be longer: the cases above 
given where the women stop, but their work is carried on ; the attempt 
of the women to put in extra work at meal times ; the frequent cases of 
overtime worked by men in various parts of the factories ; twelve factories 
in the Batley district where the men still work the old fifty-nine or sixty 
hours ; the longer hours said to be worked by non-regulated home workers. 
On the other hand we have the following instances of the working of 
shorter hours than the legal minimum. In the Leeds boot trade and 
in the wholesale clothing trade men and women only work fifty-four 
hours or less, though in the latter legal overtime brought up the 
average to fifty-six hours in 1891.!. In 1872 one hour was taken off in 
Bradford woolcombing without legislation, and a fifty-nine hours’ week 
was common in many places before 1874, while sixty hours were still 
legal ; full work was often not done between noon and one o'clock on 
Saturday before the recent legislation. Hours in general in men’s trades 
are fifty-four or less without legislation, though overtime is not uncommon. 
Employers and workers often admit that overtime, where allowed, is not 
economical, and that 564 hours is as long as women can work efficiently. 
Employees are very anxious to get off in the evening ; the rearrangement 
in 1874 intended to make work begin half an hour later has been generally 
used to stop work half an hour earlier. 

Without the Acts it seems certain that less uniformity would have 
been obtained, and that in many cases excessive hours would now be 
worked ; and it is not easy to instance any occupation where the hours 
would probably have been shorter. 

Various opinions were held on the questions whether the Acts were a 
serious hindrance to employers in any respects, and whether they had any 
effect in making trade more regular, or in equalising employment through 
a district. In the specially seasonal branches of the textile industries 
the absence of elasticity is sometimes felt, and some manufacturers wish 
for regulated overtime, as allowed in the wholesale clothing trade. A silk 
manufacturer near Bradford stated that his weavers could only average 


1 Factory Inspector's Report, 1891. 
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fifty hours a week through the year, but that he had to refuse orders in 
the busy season, A Leeds worsted and wool manufacturer found that 
his whole work was hindered and orders lost by the impossibility of 
employing knotters and menders overtime. One Leeds clothing firm 
desired more legalised overtime to make up for lost time ; another found 
the present allowance sufficient ; small firms feel the restriction more 
than large ; others admit the difficulty but do not recommend any change. 
In 1895 the Leeds Chambers of Commerce made the following represen- 
tation to the Government: ‘The time allowed by Section 53 of the Act 
of 1878 should remain as it is, subject to the inclusion of the woollen 
textile industry. . . . The time allowed by that Act (thirty days’ over- 
time in the year) is not excessive, having regard to the particular stress of 
work and orders there is at special times of the year. Owing to the 
altered circumstances of trade and the altered conditions under which the 
woollen trade is now carried on, that trade should have the same advan- 
tages granted to it as are granted to the wholesale clothing trade.’ I could 
not find, however, that there was in 1901 any strong or widespread feeling 
in favour of the extension of legalised overtime.' 

Owing to the system of commission weaving, a firm can take more 
orders than can be executed in its own premises ; and by this means a 
pressure of work can be distributed, if not directly among the factories, at 
any rate indirectly by the commission weavers taking work from the 
busiest firms. The exact nature of the pressure differs greatly trom town 
to town, and factory to factory. There was no evidence that the effect of 
the Acts was to diminish the inequalities of the seasons. On the whole 
it seems that the manufacturers are not seriously inconvenienced by 
restricted hours, except in special branches for short periods. A few 
extra hours would allow some employers to accept orders they would 
otherwise refuse, and be more punctual in delivery ; some orders may 
under present circumstances be placed in Germany that would otherwise 
go to the West Riding ; but there is no evidence that the West Riding, 
as a whole, cannot cope with its work, and at the most the restriction of 
hours would be only a minor cause in displacing trade. 

As regards wages, it must be admitted that it is impossible to deter- 
mine whether the reduction of hours in 1874 had direct effect on wages or 
not. So many important changes and events took place about that time 
that the effect of the diminution of the working week by one-twentieth 
must be masked by other changes. General wage statistics are not 
sufficiently accurate to enable us to identify a particular change of 6d. per 
week. Noone I spoke with recollects any specific change in weekly, 
hourly, or piece rates. Two combers state that there was no change in 
wages in 1874, but that there was a gradual fall after that date. Manu- 
facturers near Bradford, at Batley, and in Leeds agree that the rates 
were unaltered ; thus all on weekly wages obtained the same after as 
before the change in hours ; but those on piece-rates (that is, all the 
weavers) earned less, except in so far as they could make up by increased 
hourly output ; whether they made up the difference or not is a question 
on which various opinions are held, but there are no statistics to back 
them. 

In the clothing trade, it is said, the price list hung up in accordance 


‘ For confirmation of this see Factory Inspector's Report for 1900 (Cd. 668), 
p. 275, 7¢ overtime allowed for War Office contracts, 
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with the ‘ particulars’ clause tends to make wages more uniform and to 
level them up. 

The smaller workshops have recently come under more efficient in- 
spection. One of the lady inspectors reports that under inspection they 
often become of a higher class, do better work, and attract better workers. 
The same improvement takes place in laundries. 

In some cases girls take out-work in order to work longer hours than 
are allowed in the factory ; and restriction of hours may thus tend to 
increase out-work ; but in the main out-work is only taken from necessity 
by women who cannot leave their home all day. 

Every enlargement of the field of inspection among the small work- 
shops (the smallest of which are said still to escape inspection) leads at 
once to a shortening of hours and improvement of general conditions. 

On all sides there was agreement that great improvements had taken 
place in sanitary conditions. The factory inspectors and medical officers 
work together, and a high standard is aimed at and is gradually being 
attained, 

I now summarise the information I obtained on the lines laid down by 
the Committee :— 


I. (1) The legislation of 1874 and the parts of the Acts since that 
date which are specially operative have decided the hours and conditions 
of women’s work in the woollen and worsted industries; in the ready- 
made clothing trade the normal week is less than the legal hours, but 
overtime is closely limited by the Acts ; in the boot trade the hours are 
less than the legal minimum. In respect of sanitation and safety the 
Acts tend to level up the worst conditions to the best. 

(2) In many cases persons unrestricted by the Acts obtain employment 
at times, and of a nature decided by the Acts, chiefly in continuance of 
the women’s work ; also in a great part, but not the whole, of the woollen 
_ and worsted industries, men necessarily work the same hours as women. 

If. (1) There has been no effect on wages directly traceable to the 
Acts. 

(2) The cases in which women have not been employed because of 
restrictions are very few and unimportant. 

(3) No important changes in division of labour or the use of machinery 
have been initiated by the Acts, but the regulation of the time of work 
has many intricate effects. 

(4) and (5) There is no direct evidence as to the effect on women’s 
industrial or social efficiency, but there is general agreement that longer 
hours would be harmful, and that the existing restrictions are beneficial. 


In general, it may be said that the whole industry of the West Riding 
is moulded to suit the peculiar conditions of supply and subdivision of 
work caused by the prevalence of women’s and children’s labour, and the 
Factory Acts have had considerable influence in determining the nature 
of the supply of labour in detail. The Acts have had no perceptible and 
traceable effect either on the amount of trade, or on the main lines of the 
subdivision of work, or directly on the amount of earnings, all of which are 
decided by wider-reaching influences ; but their effects on the comfort, 
health, and regularity of the lives of the workers have been great and 
beneficial, ; + 
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III.—-Report on Birmingham. By Miss B. L, Hutcurys. 


In the course of rather more than a three weeks’ visit to Birmingham 
twenty-two factories have been visited, six workshops, and several factory 
women and girls in their own homes. Three of the manufacturers seen 
declined to show the works, but consented to answer a few questions, 
The majority of works seen were devoted to the manufacture of brass, 
jewellery, and other metal wares ; the workshops visited were tailors’ and 
button-makers’. Interviews were obtained with Mr. Knyvett (H.M. 
inspector of factories), with Mr. Parker (inspector of nuisances), and Mr. 
Keasey (inspector of workshops) ; also with four trade-union secretaries, 
two doctors (one a lady), and with one or two persons interested in the 
condition of working women, The questions put usually fell under the 
heads of empioyment, hours, and wages. The interviews obtained may 
perhaps be considered fairly representative and characteristic of the 
typical metal industries of Birmingham in which women are employed ; 
but it is probable that so short and inadequate a study gives far too 
favourable an impression of industrial conditions generally. A stranger 
paying a visit of only a few weeks’ duration is hospitably shown whatever 
is best, and I was warned more than once that I should not see the 
worst. It is obviously very difficult, if not impossible, in that space of 
time to become acquainted with the lower walks of industry, the small 
masters, and the sweated tailors and dressmakers. I was told that very 
black spots exist, in which no attention is paid to sanitary regulations and 
the hours worked are unduly and miserably long. By the kindness of the 
inspector of workshops and one of the health visitors I was able to pay 
@ cursory visit to a few workshops. 

Questions as to employment were intended to elicit information as to 
Query IT. (2) of scheme, The evidence on the whole is, with one im- 
portant exception, practically unanimous that the legal limitation of the 
hours of labour is no bar to the employment of women. Questions as to 
competition between men and women were invariably taken by the 
answerer to mean, not the encroachment of men on women’s work, but of 
women on men’s. The influence of women’s competition in lowering the 
wages of men is felt to be a real and present danger to the standard of life 
of whole classes. But the idea that a man’s legal freedom to work un- 
limited hours can cause a restriction of the woman’s field of employment 
is entirely unfamiliar to the industrial world, and a direct question on 
this head usually elicits a flicker of amusement. Birmingham manufac- 
turers do not as a rule worry about being restricted by law to work 
hetween 8 A.M. and 8 p.m,, because custom, trade-union pressure, or 
their own ideas of protitable working usually restrict them between 8 a.m, 
and 6 or 7 p.m., and the influence of legislation in shortening hours (at 
any rate in metal industries on a large scale) is interesting chiefly from 
its historical significance. There can be no doubt that the hours of work 
were formerly much longer, and that the Factory Acts, after being 
bitterly opposed by the manufacturers, taught them a valuable practical 
lesson of the bad economy of excessive work. Mr. Baker has recorded 
a case of a Birmingham firm of button makers who in 1866! became 
so dissatisfied with the conditions and mode of life of their workpeople 
that they voluntarily applied the provisions of the Factory Act for textiles 


» Report of Factory Inspector, 1870, xv. p. 44, 
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(1844) to their own factory, and found its advantage. A similar case has 
been told me here by another manufacturer from his own experience. 
Others, although not old enough to remember so far back, have explained 
to me most carefully the bad economy of overtime. In former times, 
when customary hours were longer, it would seem that in cases where the 
men’s work required the assistance of women in distinct but complementary 
operations, as in the tinning and enamelling trade, the Factory Act resulted, 
not in the substitution of men for women, but in the shortening of men’s 
hours also.! 

The tendency is evidently in the direction of a still further shortening 
of hours in some quarters. ‘There may be a limit to which hours can be 
profitably reduced, but we haven’t found it yet,’ was one remark. Many 
employers prefer to stop work at 6 rather than give an interval for tea ; a 
firm of hinge manufacturers have recently made this reduction, and con- 
sidered that more regular work was obtained. Others, again, seem to 
prefer to take the interval and work a little longer, one giving the reason 
that ‘ the girls would have their tea’; while another, whom I heard of at 
second hand, thought ‘the girls worked better after tea.’ On the other hand 
the meal-times regulation is sometimes felt as a grievance, but not very 
acutely. The same hinge manufacturer considers the ‘ period of employment’ 
a grievance in summer, and thinks it would be better for hands to work 
early and late rather than in the middle of theday. The managing foreman 
at a firm of printers finds it a distinct inconvenience not to be able to 
keep women to work overtime in turn, as he only requires about two 
women twice a week, and dismisses them other days well within legal 
limits. These, however, are comparatively trivial and inconsiderable 
objections. The ‘important exception’ alluded to above is a well-known 
manufacturer whose indictment of legal regulation of women’s labour is 
all the more formidable in that he is himself an advocate of shortening 
hours on economic grounds, and women in his employ work only forty-eight 
hours a week asa rule. This gentleman disapproves of the fixed ‘ period of 
employment,’ and charges the Act with hindering women from rising in 
their trade. Women ave employed, he argues, but at a disadvantage : 
they are prevented, in his opinion, from holding responsible positions as 
managers, for which they are perfectly competent, by the fact that on an 
occasional emergency they cannot be at hand to deal with it. It will be 
seen that this attack is strictly relevant to the scheme of investigation, 
while on the other hand it cannot well be met by evidence from manual 
industry alone. His case is that the Factory Acts disqualify women for 
the higher and better remunerated posts, and thus restrict la carriere 
owverte aux talents, and it is no answer to him to show that women are 
in great request for lacquering or machine tending. Part of this argu- 
ment, however, tells both ways; for the development of industrial 
efficiency in women may itself be due to the regulations of the Acts. 
If the conditions of women’s work have been humanised, and the strain 
of it diminished, industry itself may have been made more attractive, 
and drawn a larger number of recruits from good homes and healthy 
families than would otherwise have been the case. 

As to Query II. (1) the general notion seems to be that women’s 
wages fave risen in Birmingham industries. The brassworkers’ secre- 
tary attributes the rise to the operation of the Acts themselves. He 


1 See Factory and Workshop Commission, 1876, Minutes of Evidence, Query 6505. 
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thinks the effect also very important with regard to men’s labour. I 
cannot say that anything I have heard or seen here gives me the impres- 
sion that at the present time wages in factories are at all affected one way 
or other by the Acts. While attributing the greatest importance to the 
early Factory Acts, which set limits to the exploitation of labour, and 
thus, by restricting hours, indirectly helped to raise the standard of life 
and wages and to promote labour-saving machinery, it is impossible to 
blink the fact that at the present day the legal regulation of hours is out 
of date as far as factories are concerned, and therefore does not much help 
or hinder industrial development. Things, however, are sometimes very 
nicely balanced, and it is very likely that if the nine hours’ day had been 
enacted in 1874 and 1878, instead of being gradually introduced by 
custom, some of the laborious hand presses might have disappeared by 
this time. <A similar effect would doubtless be produced by a rise of 
women’s wages. It seems to be agreed that women’s wages huve risen ; 
I can only say they seem to me very low. ‘There is often an extra clever 
girl or two who earn particularly good wages, which are mentioned as 
showing things are fairly good for women. But one strongly suspects 
that these cases are exceptional : nine, ten, or eleven shillings is probably 
the average, and the nice pleasant-looking girls one often sees cling ill- 
paid work are said by those who know to be living at home, and only 
partially supported by their earnings.! 

It should be mentioned here that some persons most intimately 
acquainted with the Birmingham women do not consider that a further 
reduction of hours would be morally desirable. I was told both by a 
clergyman at work in the poorest district and by the lady health visitors, 
‘The hours of work are no grievance here ’—in one case, ‘ There ought to 
be a law to make them work enowgh!’—and it seems a pretty general 
conviction among observers of this class that the women are better at 
work than at play. I record this observation without comment. 

It is found that the ‘ particulars’ clause of 1900 is of great benefit 
in the pen trade. Payment is made at so much per ‘lot,’ and the lot is 
said to have contained an indefinite and varying number of pens, while 
the women did not know even the nominal number. Now a statement 
of the number of gross to each lot is hung up in the rooms, and the only 
trouble is in connection with the counting or weighing the work.” 

In the development of safeguards on machinery the law is much 
more evidently and actually at work. I was several times shown 
appliances for reducing the risk to hands and fingers, carrying off dust, 
and so forth, and employers seem conscious that it is not only their 
duty but their interest to be forward in the matter. More than one 
(possibly with a mistaken impression that the inquirer might have some 
sort of official sanction) adopted an apologetic tone as to some of his 


1 It would be acurious question for study whether the Factory Acts may not 
really have had some effect in lowering the money wages of women in so far as, by 
improving the health and decency of the factory, they cause larger numbers of respect- 
able girls to be attracted to the work. Im Birmingham there seems some tendency 
among girls to segregate themselves in the same factory into ‘ non-competing groups, 
the distinctions between which are determined by the pleasantness or supposed 
gentility of work rather than by money wages. So long ago as 1857 Mr. Wright 
noticed that the warehouse girls were worse paid, and yet considered more respect- 
able than the workshop hands (Soe. Sci. 7vans., 1857, p. 538). 

* See Miss Squire’s Report in the Annual Report of the Chief Inspector of 
Factories and Workshops for the year 1900 (Cd. 668), pp. 400-2. 
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processes, and explained that he hoped to improve them gradually, 
showing what had already been done. It is in these directions, the 
provisions for health and safety, that Mr. Knyvett considers the factory 
inspector exercises his most important function in modern times, and 
one is strongly inclined to agree with this view. The very fact that 
- appliances and safeguards have to be used, thought out, and paid for 
puts a premium on the generous and thoughtful employer, and tends 
towards the crowding out of the unfit; and much the same can be 
observed in the sanitary administration of workshops. The Factory and 
Workshop Act and the Public Health Act become in the hands of the 
sanitary authority a really civilising force. Pressure is steadily put 
on to enforce a minimum of cleanliness and decency, and it is made 
inconvenient to fall short of it. There is distinct evidence that women 
have lost their employment in workshops from the requirement of 
the Acts. In about twenty workshops, Mr. Keasey thought, women 
had been dismissed, and boys taken on in their place, because the 
women were in so small a minority that it was not worth the masters’ 
while to provide separate sanitary’ accommodation for them. Here we 
see that the most ordinary requirements of civilised life may inflict 
hardship, or what may be construed as hardship, in individual cases. Mr. 
Keasey, however, thought that the women probably found employment 
in other shops where their own sex was more largely represented, and it 
is not very likely that even an extremist would object to the working of 
the Act in similar cases. In the enforcement of sanitary regulations we 
see one of the most, if not the most, important agencies of such reform 
at work, and it is impossible to doubt that the women employed under 
these better conditions do become thereby more ‘efficient,’ both indus- 
trially and ‘as members of society.’ The effects of the legislation and its 
administration become more and more evident as the elder generation, 
to whom reform may be a stumbling-block and rock of offence, becomes 
superseded by the younger, which has time to grow up in better ways. 


IV.—The Boot and Shoe Trades of Bristol and Kingswood, 
By Mr. G. H. Woop, F.S.S. 


In writing the following report I am able to utilise a personal expe- 
rience as a worker in the trade for some time, and have for some years 
closely watched its development. My personal experience was as a clerk 
in a boot factory. 

When the industry was first brought under the Factory Acts in 1867 
few workers were affected by them in this district, as the system then 
obtaining was almost entirely domestic. Nearly all the work was done 
at that time in small workshops at home for local retailers or for middle- 
men selling to local retailers. Hence the industry has grown up under 
the Acts, and has not been prevented by them from developing itself. 

There are two distinct districts and two distinct trades in Bristol 
and Kingswood. In Bristol the light boots are made ; in Kingswood the 
work is ‘heavy-nailed’ work. In only one or two cases do the same 
firms make the two classes of boots, and few of the workers are able to 
work at both. This division of the trades is essential and important. 
Machinery can be more easily applied to the light than to the heavy work, 
and for this reason the system of machine production has worked out 
from the Bristol light trade to the Kingswood heavy trade. Hence the 
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small producer in the workshop has in Kingswood long outlived the 
producer under similar conditions in Bristol. 

There are also two distinct seasons, and as the workers are not able 
to shift from one branch of the trade to the other there are always some 
of them idle. The heavy trade is usually slack from January till the end 
of June, very busy from July till October, and moderately busy during 
November and December. The light trade has two seasons, the first four 
months and August and September being busy, while the rest of the year 
is slack. In one or two places attempts are being made to cater for both 
trades, and if this is successful the trade may become a fairly regular 
one. 

The wholesale trade started about thirty years ago with the intro- 
duction of the rivet system. Although this has affected the character of 
the work done by men and boys, it has not much altered that of the 
women and girls. There are still the two chief divisions of labour, 
machinists and fitters, with perhaps more of the former than the latter. 
For many years after the introduction of the rivet system men’s work was 
given out to be done, and the indoor system grew up with the extension 
of machinery to various operations ; but women were not affected by this, 
and their work would probably be done at home to the present time if the 
power sewing-machine had not been introduced. Before that invention 
the sewing was chiefly done at home ; now it is chiefly done in the factory. 

Manufacturers and workers agree in attributing most of the changes 
in the customs and regulations in this trade to these inventions. Machinery 
made the factory and the employment of capital necessary, and the Factory 
Acts have not hindered but furthered this development. 

The power sewing-machine was introduced into Bristol about ten years 
ago, and came generally into use about five or six years ago. The work is 
much lighter for women now than formerly, and more work is done per 
head per annum. 

In Bristol the work is usually day-work. When, some years ago, out- 
work was general, it was invariably piece-work ; and, although this 
method of payment obtained for a time after the advent of the “factory 
system, its replacement by day-work had commenced before the introduc- 
tion of the power sewing-machine. In Aingswood, where more out-work 
is done, the out-workers are piece-workers, and the indoor hands usually 
day-workers. In some places a system of task-work is in vogue where the 
workers are paid a fixed wage, but have to do a certain amount of work. 
Tf this amount is not done in one week it has to be made up in the next. 


Have the Acts introduced any change of custom in the case of the women 
themselves ? 


Yes. The trade being a seasonal trade, there has usually been a lot 
of overtime worked. The Acts have tended to put this down. On all 
sides there is evidence of a decreased use of overtime, and this has had 
the effect of making the industry more regular. Therefore a// workers 
have been affected. In the case of women workers the ‘nuisance’ of 
having to register the overtime worked, and the limit of that overtime to 
a certain time at night and to (hirty occasions in the year, has led 
employers to do all they can to keep it down. On the other hand the 
usual hours obtained by the action of the men’s trade-union are fifty-four 
and fifty-one, and are thus below the limit of the Factory Acts. A factory 
cannot be profitably worked by men alone, and when the women and 


ON WOMEN’S LABOUR. 301 


young persons are not at work the men generally have to leave off. 
This has not had the effect of keeping women out of the trade or of 
introducing more of them in proportion. It has simply had the effect of 
spreading the work over a longer period. It affects all employers alike, 
and therefore does not press unfairly on any one. 

Years ago it was the custom to work day-work indoors and 
piece-work outdoors. Women were often allowed to take work 
‘home after the day was done, to finish and return on the morrow. 
Generally this was at their own request ; sometimes it was required of 
them. Manufacturers found it did not pay. The women were not so 
fresh next day after working half the night, and in some cases were 
‘tempted to ‘slack’ work during the day, so as to have it to do at night. 
It also made them irreguiar in attendance, and it did not pay the employer 
to have his capital lying idle. The women bought their own machines 
for home work, and their employers bought the factory machines. The 
employers, therefore, wanted the work done as much as possible on their 
machines, and the custom was dying gradually. The Acts of 1891 and 1895 
entirely killed it, and I could not now find a case of its being done illegally. 

I cannot find that this change has affected any other workers than 
those immediately concerned. 

The requirements of the Acts have also induced an extension of the 
factory system owing to the enforcement of the ‘health’ regulations. 
Formerly the industry was carried on in small dilapidated workshops, 
unsanitary, and affording no separate conveniences for the two sexes. 
Bit by bit these older places have been improved or done away with, 
chiefly because of the continual objections of the factory inspectors that: 
they did not fulfil the requirements of the ‘health clauses’ of the Acts. 
Only the larger manufacturers could afford to make the required altera- 
tions, and manufacture on a large scale has thus been accelerated. 

The extension of the principle of limited liability to the trade seems: 
to account for some of the improvement in sanitary arrangements. When 
the trade was a non-machinery one, and where it is so now, as in parts of 
Kingswood, the sanitation only just reaches the minimum of the law ; but: 
where the large factories have been erected and run with plenty of capital 
(limited liability) and expensive machinery, the sanitation is very good. 
This also applies to the stay and clothing trades. Miss Collet, when 
visiting Bristol for the Labour Commission, commented in her report on 
the poorness of Bristol factories except two, the cocoa-works and the 
Bedminster tobacco-works. Since her arrival there has been a rapid 
extension of the factory system for women, and the methods in the boot, 
stay, and clothing trades have all been revolutionised by the introduction 
of the power sewing-machine and by the production on a large scale 
for export. Several new factories have been erected, either inside the: 
city or in the adjoining neighbourhoods where the electric trams run, and 
these have the most modern sanitary conveniences, lofty rooms, improved 
methods of warming, and everything which is calculated to get more and 
better work done and to keep the workers from minor ailments, as head- 
aches, colds, &c., which in factories cause much irregularity of working. 
Men cannot set up in business now on a small scale as they used to do, 
and it was the small employers with wretched out-houses who offended 
most against the sanitary and ventilation regulations. 

Thus, while the Acts have tended towards the substitution of large 
manufacturers for small, the natural evolution of the industry has. only’ 
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been accelerated, and the change of custom cannot be wholly ascribed to 
the Acts ; in part, I am convinced it may be so. 


Has factory legislation raised or lowered wages ? 


So far as my evidence goes wages have sometimes fallen temporarily 
and risen again, but there seems some doubt whether annual earnings have 
been altered permanently or not. The opportunities for working over- 
time being fewer seem to have diminished the earnings during the busiest 
weeks, without having any effect on the normal rate. Manufacturers and 
workers agree that there has been little change of wages for the ordinary 
week over a series of years, though there is evidence of a rise since 1883 ; 
but the earnings per annum seem not to have been affected thereby at 
all. The employers say earnings have been lessened through the reduction 
of opportunities for working overtime, yet they say also that the industry 
is more regular and the busy season is spread over a longer period. At 
this rate there seems to have been a clear gain to the workers. What 
has happened in the case of the men through the introduction of the 
machine system seems to have happened to the women through the same 
cause, and I am inclined to think that even the reduction of overtime is 
more due to this than to the Factory Acts. The men used, as hand 
workers, to be able to earn more during the busy season ; but though their 
earnings in a full week are now somewhat less than at that time, the 
annual earnings are greater. This remark would seem to apply to women, 
with the difference that for a ‘full week’ a ‘week with overtime’ must 
be substituted, the overtime being worked either at home or in the 
factory. None of the women workers I have interviewed consider that 
the Acts have affected wages at all. They have not lowered or raised 
them or prevented them from rising. They believe that with an efficient 
trade-union their wages would rise considerably, and that they have not 
risen lately because they have not been able to uniformly take advantage 
of good times. 

All witnesses agree, and my own experience enables me to confirm, 
that there has been no alteration in the character of the machinery due 
to the Acts, none introduced from that cause, and no displacement of 
women. (But see note as to Kingswood, p. 304.) 


The effects of the Acts on efficiency. 


Here, in my opinion, is where the Acts have affected women. There 
is a consensus of opinion that women are better workers than formerly, 
and that indoor workers do more than outworkers in a given time. It is 
difficult to apportion the amount of increased efficiency due to the Factory 
Acts, but there are three main reasons why their efficiency has increased. 
These are :— 


Improved machinery and more regular work ; 
Better rooms to work in ; 
Less amateurism and more work done as a serious occupation. 


A comparison between the outdoor treadle-machinist and the indoor 
power-machinist cannot be legitimately made, but a comparison of the 
outdoor treadle without power with the indoor treadle-machinist shows 
the latter to be the better worker. The present day treadle-machinist 
working indoor is a better worker also than her predecessor. This shows 
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increased efficiency, and is due to (a) better and more regular methods 
of working ; (6) better accommodation. 

(6) is almost entirely due to factory legislation, while (a) is partly due 
to the same cause through the decrease of overtime. 

I have referred to better accommodation of the workers and its causes. 
Its results are found in the constancy of attendance, there being now less 
minor sickness than formerly and a more cheerful attendance to work. 
Under the conditions prevailing in the old tumbledown workshops head- 
aches and petty sicknesses were common, and were due to low ceilings, 
overcrowding, and bad ventilation and warming. The factory inspectors 
have been assiduous in pressing upon employers the necessity of giving 
the workers better accommodation, and this has had the desired effect. 
Instead of just fulfilling the health clauses the present factories—at least 
those wherein two thirds of the workers are engaged—exceed them. The 
rooms are higher, lighter, and better ventilated. 

This has, of course, affected all alike, and the effects on the men are 
noticeable. Where the work is entirely hand-work much room, especially 
overhead, is not required. The advent of machinery, especially the 
larger machines, meant more space per worker and more light. Hence 
the rooms are larger and better. But in some parts of the factory where 
machinery is not employed the rooms are also larger and lighter, with the 
consequence that a man can do better and more work than ten or twenty 
years ago at nearly similar tasks. 

This efficiency is due, then, to two sets of regulations : (w) overtime ; 
(b) ‘health clauses.’ 

By forcing the employers to make their trade as regular as possible 
the overtime clauses have operated towards increased etficiency, and by 
forcing them to have better and lighter rooms the health clauses have 
operated towards the same end. 

I have had no expression of opinion whether the Acts have affected 
women in their home life. 

On the morals of the workers there has been a marked effect. ‘Saint 
Monday ’ is now a thing of the past, and just as irregularity conduces to 
drunkenness and irregular living, and the rush of overtime at the end of 
the week, with nothing to do in the early parts, induced an irregular and 
careless inode of life, so the comparative steadiness of the present methods 
has tended to raise the standard of morality and sobriety. But a far 
greater cause has been the improved sanitary arrangements. Fifteen 
years ago I remember many closets in the Bristol factories which were 
absolutely unfit for use. Males and females were supposed to use the 
same ; the males used them, but in many cases the women would not. I 
have heard of cases where women suffered from internal disorders through 
having to wait until they got home, instead of using a closet in the 
factory. In some cases the women and girls used a bucket, emptied by 
one of themselves after leaving off at night, and being kept in the work- 
room all day. This is now done away with, and separate provision of a 
decent sort is made for both sexes. 

The ettects of the old loose system on the morals were bad. Much 
loose language was common, and coarse jokes were very frequent. The 
system was an inducement to immoral relations, and cases were known 
where illegitimate children resulted from them. A better class of girls is 
now employed, and that this has been possible is in part due to the removal: 
of these evils. 
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SUMMARY, 


I conclude, then, that factory legislation has altered some customs of 
the industry, and without really affecting earnings has increased the 
efficiency of the women workers. It has also raised the standard of 
morality for all. 

Note on Kingswood.—These remarks apply to both districts ; but in 
Kingswood the factory inspector notes that the Act of 1895 was a direct 
cause of the extension of the factory system. This Act prohibited over- 
time for young persons, and it was then the custom for a man to work in 
a workshop attached to his own house, with perhaps five or six boys. 
Denied the opportunity of earning a good wage through this overtime the 
lads left the trade, and the men in small business could not compete without 
their labour. The factory proprietors took advantage of this opportunity 
of boy labour, and an expansion set in immediately. The Acts have there- 
fore induced the application of machinery and hastened the extension of 
the factory system. The effect of this is seen in that the Kingswood 
heavy trade is now nearly as much a factory industry as the Bristol light 
‘trade. 


V.—Leicester and Northampton. 
[Compiled from Mr. R. Halstead’s Report. ] 


Mr. Halstead obtained information from employers in four hosiery 
firms in Leicester, Hinckley, and Loughborough, and from two trade- 
union officials and two women workers in that trade. In the shoe trade 
he interviewed managers of seven co-operative manufacturing societies in 
Leicester, Barwell, Glentield, Desborough, Kettering, and Rushden, a 
private employer in Leicester, three officials of employers’ associations at 
Northampton and Kettering, and six trade-union officials in Leicester, 
Northampton, Kettering, and Rushden. Information was also obtained 
from one employer in the box trade, one employer and one manager in 
the corset trade, one employer and one manager in the ready-made tailor- 
ing trade, one manager in the elastic-web trade, and two employers and 
‘one woman worker in the hat and cap trade. 

I. (1) The general opinion expressed was that legislation regulating 
‘women’s labour has had little to do with moulding the more important 
‘customs of the trades. Employers attributed the customs of their trade 
mainly to the nature of the machinery they employed and the resulting 
‘subdivision and organisation of labour. Several, however, thought it 
possible that legislation had increased the pace and brought about 
uniformity in factory reform. One manager thought it had in the first 
instance decided the customs of the boot trade as to hours of work and 
sanitation, but that since this initial stage the trade generally had been 
in advance of legislation. A few employers, who had been in the habit 
‘of employing out workers, said that the recent more stringent regulations 
as to out-work were having the effect of driving the work into their 
factories ; but the change was mainly due to a growing desire to have all 
work under one supervision inside the factory. The trade-union officials 
attached more importance to trade-union action in ‘xing customs, 
although by one of them it was held that legislation had been one of the 
‘means of enforcing what had been won by trade-unionism. 
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(2) As to the effects of legislation regulating women’s labour on other 
workers, practically no information was forthcoming ; the new Saturday 
rule is an instance of the limitation of men’s hours being secured by legal 
limitation of those of women and young persons. 

II. (1) No effect of the legislation on women’s wages had been observed. 
There was a general agreement that overtime was not economical. 

(2) In the hosiery trade at all points of the inquiry there came out the 
fact that women were displacing men through the rise of new machinery. 
In the boot trade it was alleged that women were, to a slight extent, 
displacing men owing to falling wages, although the tendency was 
probably less marked because of the high wages in the hosiery trade for 
women’s work. 

(3) In none of these trades were the Factory and Workshop Acts 
credited with having initiated any important changes in the use of 
machinery or the division of labour. 

(4) There was a general consensus of opinion that shorter hours and 
better sanitation enforced by legislation had been amongst the causes 
tending to increase the efliciency of women workers. 

(5) Greater diversity of opinion existed as to the effect on their social 
life. While considering that with the rise of the factory system there 
had been a moral improvement, this was attributed by some to the 
factory system itself, not to factory legislation. Again some of the bad 
effects, consequent upon young women having more money and more 
leisure, and being therefore too soon set free from parental control, might 
also be attributable to the better organisation in the factory brought 
about by machinery. One employer considered that the easier conditions 
of female employment had a tendency to increase the employment of 
married women in factories. 

On the whole employers complained very little of inconvenience 
caused by the Factory and Workshop Acts beyond the initial difficulty 
of adjusting arrangements to suit new regulations, and the labour 
incurred in filling up forms and making lists. In some cases, increased 
demands with regard to sanitation and guarding of machinery pressed 
rather heavily on employers, and, in one case, the recent change in the 
Saturday half-holiday was resented as being passed merely in the interest 
of the football fraternity (although nominally a restriction of the labour 
of women and young persons). 


VI.—Canning Town and Isle of Dogs. 
[Abstracted from Miss Hadley’s Report.] 


The difficulty of any investigation in these districts is very great ; 
the employees are on the whole quite ignorant on the subject of the Acts 
or their administration, and are also afraid to give information. Some 
interviews were obtained with employees in bookbinding,! hat making,! 
tailoring, sweet factories, laundries, &c., and with other people well 
acquainted with the districts concerned. The evidence is not very definite, 
but the following statements seem to be correct. The hours in small 
workshops have been reduced in recent years. In one laundry the hours 
are now from 8 a.m. to 7 P.M., instead of till 9 p.m. as last year, and in 


1 In other districts in East London. 
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a sweet factory they have been reduced quite recently. Sanitation has 
recently been much improved. The special rules applying to white-lead 
works have excluded women from part of the work. In the bookbinding 
trade the Acts have not caused any displacement ; if overtime is necessary 
the men take on the women’s work when they leave at night. In tailoring 
there is no prospect of the dearer labour of men replacing that of women, 
The out-workers’ list is expected to have a good effect, now it is attended 
to, those who take out the work endeavouring to keep their houses clean 
to satisfy the inspector. The ‘particulars’ clause is stated to have 
introduced no change in the tailoring, at any rate in the better class 
work, since accurate tickets were already supplied. It is held that the 
Acts regulating hours are operative, and together with the provisions 
regarding safety and sanitation tend to drive the small employer out of 
the tailoring and laundry trades, thus tending to increase work on a larger 
scale. Greater regularity in hours is enforced, and this tends to put the 
work in the hands of a better class of employees. 


VII.—Switzerland. 
' Federal Legislation. 


In Switzerland the separate cantonal legislation of the industrial 
cantons prepared the way for the general federal law of March 23, 1877, 
on which all subsequent legislation has been based. This law applies to 
all factories where a number of persons are employed within doors, away 
from their homes, and the majority of its provisions apply to adult 
workers of both sexes as wellas to children and young persons. A wider 
application was given by the federal decree of June 3, 1891: this 
decree brought within the scope of the law establishments employing 
more than five persons and using motor power, or employing persons 
under eighteen, or satisfying certain other conditions. 

The hours of labour may not exceed eleven, exclusive of at least one 
hour for meals ; if the midday pause is less than 15 hour, women who 
have a household to manage may leave work 4 hour sooner than men. 
Men and unmarried women over eighteen years of age may also be em- 
ployed in necessary subsidiary work, such as cleaning, before or after the 
regular factory hours. On Saturdays and the days preceding public 
holidays the hours of labour must not exceed ten. 

Sunday work is prohibited, except in cases of absolute necessity ; and 
where furnaces are kept continuously going, eight days’ holiday annually, 
to be arranged by the cantons, must be allowed in addition to Sundays, 

Night work between 8 p.m. and 5 a.m. is forbidden from June to 
August inclusive ; during the rest of the year ‘night’ work extends from 
8 p.m. to 6 A.M. Exceptions are allowed in certain specified cases, but 
women may never be employed at night or on Sundays, 

Women must be absent from employment in factories during eight 
weeks before and after childbirth, and on their return to work proof 
must be tendered of an absence since birth of the child of at least six 
weeks. Certain dangerous occupations or branches of industry from 
which women are to be excluded during pregnancy were specified by 
a federal decree of December 31, 1897, e.g., processes in which white 
phosphorus is used, manufacture of lead or lead compounds, dry cleaning 
works, indiarubber works, &e. 
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Cantonal Legislation. 


Cantonal legislation is largely concerned with the small industries 
which are so numerous in Switzerland, and which do not fall within the 
scope of the law of 1877. Seven cantons have passed special laws for 
the protection of workpeople : Basle in 1888, Glaris in 1892, St. Gall in 
1893, Zurich in 1894, Lucerne in 1895, Soleure and Neuchatel in 1896. 
Glaris is the only canton where the law includes adult males ; the others 
are concerned only with women and young persons. The cantonal laws 
of Glaris, St. Gall, Lucerne, Soleure, and Neuchatel contain special 
regulations with regard to women employed in shops ; women in offices 
come under the protection of the law in Neuchatel only. Special laws 
for the protection of women employed in hotels and cafés have been 
passed in Zurich, Basle, Glaris, St. Gall, Lucerne, Soleure, and 
Neuchatel. All except Glaris prohibit the employment of girls under 
eighteen years of age as waitresses unless they belong to the family of 
the landlord. Women employed in hotels and cafés on Sunday must 
have a free afternoon in the week—once a fortnight in Zurich, and once 
a week in Basle and Lucerne. 

The laws of Zurich, Soleure, and Neuchatel extend their protection to 
single workers if occupied in a trade (métier) and in receipt of wages ; 
St. Gall and Basle only protect single workers if under eighteen years of 
age ; if above that age the law applies only where two or three persons 
are employed. Persons employed directly or indirectly by a large 
manufacturer, even when working in their own homes and using their 
own tools, are regarded by the law as wage-earners. Neuchatel is the 
only canton which stipulates that the worker must be employed outside 
his own home to come within the scope of the Jaw. 

Cantonal legislation has followed the main outlines of the federal 
law of 1877, diminishing its rigour in some cases, in others supplementing 
its defects. The eleven hours’ day has been accepted by most cantons, 
Zurich is ahead of the law in fixing the working day for women at ten 
hours, with 14 hour’s rest, and at nine hours on Saturdays and the days 
preceding holidays. Overtime of two hours a day, with a maximum 
limit per annum, is allowed by most cantons. The limit in Zurich, 
where least overtime is allowed, is seventy-five hours in the year. No 
one can be compelled to work overtime, and such work must be paid— 
except in Glaris—at a higher rate; in Zurich, Lucerne, and Soleure at 
1} time the daily wage. In the German cantons, except Basle and 
Glaris, girls under eighteen years of age may not work overtime atall. No 
work may be given out to be done at home after working hours. Night 
work, except in Lucerne, is only permitted to women over eighteen years 
of age, and for certain definite reasons Basle and Glaris are the only 
cantons which have adopted the eight weeks’ rest for lying-in women pre- 
scribed by the federal law. St. Gall and Lucerne require only six weeks, 
Zurich and Soleure four weeks. The appointment of cantonal inspectors 
is considered desirable. The only canton where such an appointment 
has been made up to the present is Zurich. 

Insurance against accidents is provided for to a small extent in the 
cantons of Appenzell and St. Gall, where all workmen who are not 
citizens of the canton are required to join some benefit society. 


1 Hygiene et Sécurité des Travailleurs dans les Atelicrs Industrlels, pp. 91-93 5 
Congrés International de Législation du Travaii, pp. 393-398. 
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VITI.— Holland. 


The law of May 5, 1889, applies to all industrial undertakings except 
agriculture, forestry, stock rearing, peat cutting, and fishing. It pro- 
hibits the employment of children under twelve, and places young 
persons under sixteen years of age and women of all ages under legal 
protection. Protected persons may be excluded from dangerous or 
unhealthy trades by royal decree. These industries are specified by the 
decree of January 31, 1897. 

Protected persons may not work more than eleven hours a day, with 
at least one hour for rest between eleven and three o’clock, which hour 
may not be spent in a work-room. 

Night work, 2.¢., from 7 p.m. to 5 a.m., is prohibited, as also is work 
on Sundays and church festivals. This general prohibition of Sunday 
work was withdrawn on December 31, 1896, in favour of women over 
sixteen years of age employed in butter and cheese making, provided that 
certain conditions specified by an administrative order were observed. 

Employers are bound to demand a labour passport from the mayor 
for each protected person in their service. These passports must give 
the dates of entering upon and of quitting an engagement ; the hours of 
starting and of finishing work and the day elected as the weekly holiday 
must also be posted up in the factory. 

Women may not be employed for the four weeks subsequent to their 
‘confinement. 

Certain exceptions as to overtime were anticipated as necessary by 
the law of 1889, and they have since been dealt with by the decrees of 
December 9, 1889 ; October 30, 1890 ; October 17, 1891; and June 10, 
1892. Overtime from 7 to 10 p.m. is allowed in certain industries (fruit 
preserving works, laundries, &c.) when necessary. 

Women and young persons under sixteen are prohibited from work- 
ing underground ; but as only two mines employing some 300 persons 
are worked in Holland the benefit of this prohibition is theoretical 
rather than practical. 

The execution of the law of 1889 was entrusted in the first place to 
three inspectors whose duties were defined by a decree of February 21, 
1890. They are appointed by the Queen and placed under the direction 
of the Minister of Justice ; their functions are to examine the labour 
passports of individuals, the factory registers, and to report all infractions 
of the law. The limitation of their number to three was removed by 
the law of July 20, 1895, and they were charged by the same law to 
substitute a half-yearly for a yearly report of their operations.! 

The first legislative provision made in Holland for the health and 
safety of factory workers dates from July 20, 1895. This law prescribes 
the cubic space to be allotted to each worker, the ventilation, lighting, 
precautions against fire, and sanitary accommodation. Factories are to 
be kept clean and free from noxious gases or dust, and to have a com- 
fortable temperature. Precautions are to be taken against accidents 
arising from machinery, explosives, boiling liquids, or molten metals. 


_ | Hygiene et Sctcurité des Travailleurs, pp. 68=62 and 365-76; Congrés Inter- 
national de Législation du Travail, pp. 451-55; Ainuaire de la Législation du 
Vravail, 1897, pp. 268-79. 
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The special dangers arising from steam engines are safeguarded by the 
law of April 18, 1896, These laws are enforced by inspectors whose 
powers are similar to those of the inspectors appointed under the labour 
law of 1889. 

Women and young persons were prohibited from working in any 
dangerous processes connected with the manufacture of matches containing 
white phosphorus by a decree of June 24, 1898, but the entire manu- 
facture of such matches has since been forbidden (May 28, 1901), and 
their import, export, and sale forbidden, except in very small quantities, 
Transit through Holland is permitted.’ 


IX.—The Grand Duchy of Luxembourg. 


The establishment of factories and workshops in Luxembourg is sub- 
ject to the fulfilment of certain conditions as to safety and hygiene, which 
are deemed necessary in the interests of the public as well as of the 
persons employed in them. 

The law of December 6, 1876, regulates the employment of women and 
children. The age for beginning work is fixed at twelve. Young persons 
may not work at night or underground. No girls or women may be 
employed underground, 

This law was further amplified and defined by the decrees of 
August 23, 1877, and May 30, 1888, on the hours of labour. Children 
under fourteen years may work eight hours a day if provided with a 
medical certificate stating that they are fit; if not their maximum 
day is limited to six hours. Young persons under sixteen may not 
work more than ten hours, or eleven if they possess a medical certificate. 
The decree of 1877 also regulates the provisions for the health and 
safety of factories in which young persons are employed. 

The employment of youths from sixteen to eighteen years of age in 
mines and quarries is subject to a law of April 30, 1890, and to a decree 
of January 7, 1891.” 


X.— Hungary. 


Hungarian law does not interfere with the labour of adults, whether 
men or women; the only restriction upon the labour of women over 
sixteen years of age is that which prohibits their employment within four 
weeks after confinement. 

No special law exists for Hungarian mines: the conditions of labour 
are regulated by the Austrian law of 1854. A Bill on mining indus- 
tries has been introduced since that time, but it has not passed. It must 
not, however, be assumed that in the absence of special legislation the 
conditions of labour in the mines of Hungary are less favourable than 
elsewhere. Women and children under fourteen years of age are hardly 
ever employed underground ; the force of custom is as effectual as legal 
prohibition. 


1 Annuaire de la Législation dw Travail, 1898, p. 336; Revue dw Travail 
(Office du Travail de Belgique), July 1901, p. 816. 
2 Hygiene et Sécurité des Travailleurs, pp. 63 and 377-83, 
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XI.—Sinland. 


By the law of April 15, 1889, women and children may not 
be employed underground, nor to clean or. oil machinery in motion 
(Section 12). 


XIT.— Russia. 


Modern industrial legislation in Russia dates from the year 1882. By 
the law of June 3, 1845, young persons under seventeen and women were 
not to be employed at night in cotton mills. Their employment was per- 
mitted in factories working with a double shift, provided that the head 
of the family was working with them. These regulations were extended 
in 1890 to all textile factories. 

In 1886 (June 3) a law was passed on the hiring of workmen and the 
institution of factory inspection, which, from the extent of its application, 
may be considered as the principal labour law. : 

The inspectors of factories receive and examine disagreements between 
employers and employed and complaints ; they visit places where strikes 
have occurred and notify to the chief inspectors the measures they have 
taken to bring about peace ; they fix reception days once a week for the 
hearing of verbal explanations, and see that a notice of such days is hung 
up in all factories) They must obtain from employers notice of all 
enlargement or reduction of factories, of changes in the managing staff, 
of all cases of disturbance, of all accidents ; they must obtain statistics of 
hours, overtime, employment of women, young persons, and children, and 
information on industrial statistics. 


XTII.—Sweden. 


By a decree of June 22, 1883, women were not to be employed within 
four weeks after confinement unless provided with a medical certificate 
stating that it would not be injurious to them to resume work. Women 
and young persons might not be employed to clean or oil machinery in 
motion. The Committees of Public Health might forbid their employ- 
ment in industries of a particularly dangerous or exhausting nature. 
Employers must keep a register stating the age, degree of education, and 
the state of health of the protected persons in their service, 


XTV.—Worway. 


The law of June 27, 1892, on the inspection of factories, embodies all 
previous legal enactments for the protection of factory workers. This 
jaw embraces industrial undertakings, mining and metal works of all 
kinds. Doubtful cases are referred to the inspectors. 

Women may not be employed (1) underground ; (2) in cleaning or 
oiling machinery in motion ; (3) for six weeks after confinement, unless 
provided with a medical certificate stating that they may return to work 
after four weeks without injury to their health ; (4) in dangerous, un- 
healthy, or exhausting trades during pregnanoy. 
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XV.—Denmark. 


Factory legislation in Denmark originated with the law of 1852 on 
unhealthy industries. The same trades were further regulated by the law 
of 1858, but no protection was afforded to labour generally until the 
passing of the Factory Act of 1873 and the Act for the Prevention of 
Accidents of 1889. These laws, which have remained in force up to nearly 
the present time, are now superseded by a law published on July 1, 1901, 
which came into force on January 1, 1902. 

The law existing in 1901 applied to all factories and workshops where 
steam or other power is used. It placed no restriction upon the labour of 
adults of either sex, but afforded a certain protection to young persons 
under eighteen years of age. 

The chief features of the new law are :— 


(1) The clause which prohibits the employment of women during the 
four weeks after confinement, except upon the production of a medical 
certificate showing that the mother’s employment will not injure either 
herself or her child. 

(2) The creation of an industrial council composed of a president 
appointed by the King and eight other members, of whom three at least 
must be employers and three at least employees, appointed by the Minister 
of the Interior, It acts as an advisory body to the Factory Department, 
and may investigate, on its own initiative, any question arising under 
the law. 

(3) The organisation of the staff of inspectors as a factory department, 
at the head of which will be a director appointed by the King, with two 
secretaries, experts in economics and technology. The number of in- 
spectors will be fixed by the legislature in the ‘Budget Law,’ but the 
Minister of the Interior may in the meantime appoint up to twenty 
inspectors. The number permitted by the old law was only two, with 
twelve sub-inspectors appointed by the Act of 1889. 

(4) The provisions of the law of 1889 on the prevention of accidents 
are incorporated in the new law, which requires, in addition, that a 
minimum space of 282 cubic feet be allotted to each worker, and that 
efficient ventilation be secured, if necessary, by artificial means. Work- 
rooms must be properly warmed, and employers are bound to provide 
rooms in or near the factory where their workpeople can take their 
meals. Provision for warming food must also be made wherever this is 


possible, ! 


The law on the prevention of accidents arising from the use of 
machinery, April 1889, forbade the employment of women to clean or oil 
machinery in motion. There are no other direct restrictions placed upon 
the employment of women by Danish law. 

The number of women employed in industry in Denmark ‘is, according 
to the census returns of 1897, 36,760, exclusive of employers, forewomen, 
ke. Of these some 13,000, or not quite one-third, come within the scope 
of the Factory Acts. The new Factory Act mentioned above will un- 
doubtedly occasion a great extension of inspection, but it is of too recent 
date to give available results. 


' Hygiene et Sécurité des Travailleurs, pp 139-143 (Labour Gazette, August 1901). 
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The indirect results of the recent extension of factory inspection are of 
considerable importance as regards their influence, both on the hours of 
labour and on the general condition of factories. The following figures 
show how considerable has been the increase in the number of factories 
under inspection since the passing of the Act of 1873 on the labour of 
children and young persons, and the Protection of Machinery Act of 1889. 
In 1874, the first year that the former Act was in force, the number of 
factcries under inspection was 673, employing altogether 21,402 persons, 
of whom 2,632 were children, 2,522 were young persons, and 16,248 were 
adults ; in 1900 the number of factories had risen to 3,652, employing 
altogether 78,206 persons, of whom 3,464 were children between ten and 
fourteen years of age, 8,295 young persons, and 66,447 adults, of whom 
13,192 were women. The statistics compiled by the factory inspectors also 
show that during the years 1874-1900 there has been a tendency for the 
proportion of children to adults to decrease, while the proportion of young 
persons has recently increased, (The actual numbers are higher in both 
cases.) 


_ Establishments Children Young Persons Adults 
1874 | 1890 | 1900 | 1874 | 1890 | 1900 | 1874 | 1890 | 1900 | 1874 | 1890 | 1900 
Number . .| 673 | 1,949 | 3,652 | 2,632 | 2,539 | 3,464 | 2,522 | 8,345 | 8,295 |16,248 36,542 | 66,447 
Percentage. a _ — | 123 6:0 44 | 11:8 78 | 10°6 | 759 | 86:2 85:0 


The new law of April 1901, which raises the age for beginning work 
to twelve years, will probably cause a still further displacement of child 
labour. 

Of the 66,447 adult persons under inspection some 13,000 are 
women: they are employed in small numbers in the same industries in which 
men are engaged, with the exception of gas-works and flour mills with 
mechanical power. The only industries in which they are employed to the 
number of 1,000 and upwards are the cotton, linen, and woollen trades, 
and the manufacture of tobacco and cigars. This fact has an influence on 
the hours worked by women, for though the hours of labour are only 
legally restricted for children and young persons, the result of inspection 
has been a notable decrease in the number of establishments working very 
long hours. These are now found only in the smaller workshops where 
one or two persons are employed, very rarely in the larger factories. The 
proportion of textile factories doing more than 10} hours’ effective work 
is only about 7 per cent., whereas as many as 47 per cent. work only ten 
hours. The following table shows the decrease in the hours of labour 
generally which has taken place since the institution of factory inspec- 
tion :— 


Percentage of Factories working not more than 103 hours a day. 


1874 5 ; . 41:7 per cent. 1890 ¢ . . 73°8 per cent. 
1880 é . 59-4 a 1895 H d - 809 a 
1885 5 5 . 666 4 1900 ; : . 90°8 ” 


The debates on the new Factory Act raised the question of the extent 
to which women were employed at night, and returns from all the inspec- 
toral districts showed that in all the industries under inspection only 127 


women, or about 1 per cent., were regularly employed at night. These 
were distributed as follows ;— 
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Cement works . é mee 

Glass do. . ; 3 . 14 (working alternately from 4 A.M. to 1 P.M., and from 
2 to 10 P.M.) 

Paper do.. 3 5 . 14 night and day alternately. 

Printing do. . : . 40 some hours every night. 

Sugar do, 3 : . 25 alternately day and night for two or three months in 
winter. 


Chocolate and sweet do.. 11 from 8 to 10 P.M. during two months in winter, 
Fish-net do. . . - 21 alternately 6 4.M.to3 P.M., and 3 P.M, to 12 midnight. 


Where the inspectors find that accidents, which are generally of a 
slight nature, have been caused by the employment of women to clean 
machinery in motion, they cause extracts from the law with regard to 
this particular to be hung up in the work-rooms where women are employed 
to tend machinery.! 

The above information is derived from the Report of the Factory 
Inspectors for 1900-1901. Tabular statements of the number of esta- 
blishments employing children, young persons, and mechanical power are 
contained in the official publication entitled.‘ Statistiske Oplysninger om 
Kobenhavn og Frederiksberg.’ These returns, however, are only brought 
up to 1895, and the locality is circumscribed, whereas the Reports of the 
Factory Inspectors cover the whole country. It has therefore been 
thought unnecessary to extract the figures in detail, but the following 
table shows the same tendency to a decrease in the employment of chil- 
dren and young persons, as is noted by the inspectors :— 


Percentage of Children and Young Persons in Factories under Inspection in 
: Copenhagen and Frederiksberg. 


me Total No, Children | Young Persons | yudren and 
1891 46 91 13:7 
1892 4-4 9-1 oe 
1893 4:3 7 13:0 
1894 £2 ae | ee 
1895 41 85 Repiyiee 


Wages.—The official returns with regard to wages do not distinguish 
between the earnings of women employed in factory and non-factory in- 
dustries ; the annual earnings are 500 kr. as compared with 440 kr. in 1892. 
This rise had almost always been accompanied by a decrease in the hours 
of labour, and it was found that Sunday rest, first enforced by the law of 
April 1, 1891, was generally observed. 

Mr. Marcus Rubin and Mr. Cordt Trap, who edited the statistics for 
the two periods, in their suggestions as to the causes of this rise of wages 
and decrease of hours, do not directly mention legislation, though Mr. 
Rubin refers to the increase of factory industry. They are rather inclined 


to lay stress on the general rise in the standard of life, and above all on 
trade organisation.” 


1 Forskellige Meddelelser. Beretning til Justitsministeriet og Indenrigsministeriet 
om Fabriktilsynets Virksomhed i Finansaaret 1900-1901. 

2 Danmarks Haandvaerk og Industri, femte Raekke. Litra A. Nr. eoog. 
Arbejdslonnen + Kobenhavn i Aaret 1892. Marcus Rubin. Arbejdslonnen i Koben- 
havn i Aaret 1898. Cordt Trap. The Committee are indebted to Mr, Steffensen for 
copies of these works and other valuable information, 
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I. Preface. 


THE first ten sections of this Report give a summary of the work done 
on road resistance from the earliest time for which records are available. 
It is quite possible that the work of some investigators may have been 
overlooked, but at the same time the chief results which have hitherto 
been made known are presented, for the first time, in a concise form. 
The work of most of the French observers has been drawn to a great 
extent from A. Debauve’s ‘ Manuel de l’ingénieur des ponts et chaussées.’ 
It has not been possible to carry out during the present year in a 
suticiently complete manner the experiments with the British Association 
apparatus in order to be able to compare the results obtained with the 
formule and laws which the summary gives, but it is hoped that by 
another year the work will have been sufficiently advanced to enable this 
to be done. 
II. Corréze and Manes (1832). 


MM. Corréze and Manés treated the subject from both theoretical and 
practical standpoints, and the conclusions they arrived at fully confirmed 
a series of experiments made by a commission of engineers in 1816, 
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The following are their conclusions :— 


That the resistance to rolling is composed of two elements: (i.) Fric- 
tion of the wheel upon the road ; (ii.) axle friction. 

i.) That wheels of vehicles destroy the road in proportion to their 
load, width of tyres, and speed. If the tyres be narrow the friction may 
be simply treated as a rolling friction, but if the tyre be wide then a 
pivoting action is introduced. 

The effect which a wheel produces upon the road depends upon the 
load upon the wheel, the resistance of the material of which the road is 
made, and on the nature of the surface. If the load be great and the 
tyres narrow, the wheel will form a rut in the road, but if the tyre be 
wide, the load becomes distributed and does not damage the roadway. 
A wheel travelling along a road badly kept or badly constructed meets 
with obstacles against which it strikes and surmounts with difficulty, and 
from which it falls to the ground again with a force proportional to its 
weight and the height of the obstacle, This action being continually 
carried on is very destructive to the roads. 

In cases where roads are uneven, springs should carry the load, as 
they convert the series of shocks into a simple increase of pressure and 
preserve the horizontal component of the force, which otherwise would 
be lost. 

The destructive effect of a wheel upon the road increases with the 
load, the speed remaining constant, but the rate of increase of damage 
to the road is far greater than the increase of the load. 

The influence of speed is such that, with equal loads, on a well-kept 
road, the destructive effect of the wheel decreases with an increase of 
speed, but on a badly kept road the reverse takes place. 

MM. Corréze and Manés proved, by direct experiment, that the ratio, 
between the tractive effort and the load increases with the speed. 

Carriages with four wheels in unequal pairs require less tractive effort 
than those with two wheels or two equal pairs of wheels. 

(ii.) Aale friction.—By the contact of a spindle with its bearings a, 
sliding friction is produced. 

Suppose the coefficient of friction = 5, and load = P, 

Then total resistance due to axle friction = 5}, P ; 

If ratio of radius of wheel to that of axle = 5, 

resistance at axle of wheel 

Then - = yy 

resistance at circumference ~” 

Therefore resistance at circumference = 5}, P. 

But on a good road resistance to traction = ,}; P. 

So the axle friction only = } that of total resistance. 

Edgeworth experimented and found, in 1808, that on a rough road a 
vehicle with springs had only one-third the resistance of one without, at 
8°8 kilometres per hour. 


III. The Work of Coriolis (1835). 


Coriolis, a civil engineer, applied the theorem of work to the traction 
of vehicles and investigated the work of resistance. He proceeded as 
follows :— 

Let F equal the tractive effort and s the distance run. Then the 
integral of the quantity F ds will equal the total work due to the reaction 
of the ground. 


316 REPORT—1902. 


The work of resistance consists of :— 


(i.) That absorbed by the play of the springs, usually negligible, 

(ii.) That due to the action of the wheels upon the road. 

iil.) Axle friction. 

(iv.) That absorbed by hills, 

(v.) That due to the variation of the momentum, which may be 
neglected during a day’s run, as the vehicle passes in a short time from 
a state of rest to its normal velocity. 


Coriolis states that the tractive effort required is practically propor- 
tional to the work due to the action of the wheels upon the road and 
axle friction, the other quantities being negligible. 

That axle friction is a sliding friction constant in value and inde- 
pendent of the extent of surface in contact, and can be reduced by altering 
the are of contact, which is limited by practical considerations. 

That the reaction of the road upon the wheel would be nil if the 
ground were infinitely soft, and equal to the load if incompressible. 
Neither case appears in practice, but the reaction is variable and increases 
with the compression. 

If p = reaction of the ground, 4 = compression of the road, then work 
of resistance = [pan — ie . dp. 

dp 
The more rigid the ground the more will p increase with h; .°, 4 
will diminish with p, and the work will be less for a given value of p. 

That the reaction depends not only on the nature of the road, but also 
on the diameter of the wheels and width of the tyres. 

That on a homogeneous surface the resistance due to reaction 


Vp 4 
VLi/ R? 
a = coefficient that varies inversely as the hardness of the road ; p = 


total load ; L = width of tyre ; R = radius of the wheel. 
Coriolis drew the following conclusions :— 


That to reduce the work due to resistance the road ought to have as 
great a rigidity as possible, and that the springs should be as flexible as 
possible. 


IV. Haperiments and Conclusions of General Morin (1837-42). 


These experiments were made by General Morin, 1837-42, by order 
of the Ministers of War and Public Works, being carried out with the 
greatest care and under the most varied conditions. The results have 
ae collected together into a large treatise, from which the following is 
taken :— 


A Résumé of General Morin’s Work on Rolling Friction. 


(a) There is the simple turning of one curve upon another when the 
two curved surfaces are always in contact, and when the arcs passed 
through in a given time are of equal length. 


} This formula is midway between General Morin’s and Dupuit’s, 


a 
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(b) Simple rotation of a cylinder upon an horizontal surface, when 
the surface formed on the plane is an envelopment of the cylinder. 


A cylindrical body alone can roll upon a plane in a straight line. If 
the body be not cylindrical, the rolling motion is accompanied by a sliding 
one, or, what amounts to the same thing, a pivoting motion. 

This action is particularly noticed when a wheel with 9 cylindrical 
tyre leaves one straight line direction for another, and such a wheel, when 
rounding a curve, is subjected to simple rotation and also a pivoting 
action about its vertical axis, and consequently tends to twist the wheel 
from its true position to take up a position relative to the curve. 

Morin experimented in the following manner: Upon two parallel 
beams, with horizontal faces, were placed two loaded cylinders. In order 
to give motion to these cylinders additional weights were added, acting 
tangentially to the cylinders and parallel to the beams. 

For different cylinders and surfaces the force required to impart 
motion was found by experiment. , ; 

The force thus found, which imparted a uniform rolling movement to 
the cylinders, must be that which just overcomes the resistance to rolling, 
for if the force were too great, the motion would become uniformly 
accelerated, and if the force were too little, the cylinders would come to 
rest. 

Consequently, from the above it may be inferred that the moment of 
the additional weights about the axis of rotation is equal to the moment 
of the frictional resistance about the same axis. 

Calling R the resistance due to friction, which is supposed to act 
tangentially to the wheel, of which v is the radius, p the pressure trans: 
mitted by the wheel to its supports, and A a constant ; then we have 


FNP 
- 


which sims up the law for rolling friction, 
From the experiments, which were made by Morin to ascertain the 
truth of Coulomb’s Law, he drew the following conclusions :— 


(i.) On fibrous materials, such as wood ; on spongy textures, as leather ; 
on granular bodies, as plaster: ‘That the resistarice to rolling varies 
inversely as the diameter of the wheel, measuring this force (R) at the 
circumference of the wheel.’ 

(ii.) On compressible surfaces : ‘That the resistance to rolling ihcreases 
as the width of the tyre diminishes.’ 

(iii.) On an elastic substance, such as indiarubber : ‘That thé depth of 
the depression is practically proportional to the pressure, provided that 
the elasticity remain constant ; the depth of the depressions increases as 
the width of the tyre diminishes. The elastic reaction, or the force with 
which the substance tends to return to its original form (after the pressure 
has been removed) is not always very rapid even in the case of india- 
rubber, so it is much less so on a stone road ; in consequence, it does not 
restore to the wheel the whole force expended on it. Even on railways, 
where the rails return very quickly to their normal shape, the speed of 
the train is too great for the vehicles to recover the work that has been 
transmitted to the rails.’ 

iv.) On a homogeneous body, such as wood: ‘That the pressure alters 
the elasticity, and that the resistance to rolling increases more rapidly as 
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the pressure increases ; consequently wood pavements are not suitable 
for heavy traflic.’ 


The law for the ratio of rolling friction to the pressure, enunciated 
by Coulomb and others, is not a general or mathematical law, but only 
approximately true for certain cases in which it is found useful to apply it. 


Coulomb’s Law. 
R= A? 
i 
Values for A, the constant, are as follows :— 


1. For oak wheels running on poplar boards, the grain of the 
oak being perpendicular and that of the poplar parallel 


to the line of motion . A ‘ ; - A = 0:000876 
2. For oak wheels on strips of leather . A = 0:001895 
3. For oak wheels on plaster. 3 Tee CO! A OronoseTl 


Experiments on the Haulage of Vehicles. 


For the following experiments, General Morin made use of three kinds 
‘of apparatus :— 


J. A shaft, to which a number of equal pulleys were attached, so that 
the width of surface in contact could be varied ; a number of metal discs 
were attached to the axle to act as 4 load. 

The force required to produce uniform rotation was found by trial on 
well-beaten clay, fine sand, slabs of marble, boards, kc. In each case 
the resistance (R) was calculated, being tqual to the motive weight 
multiplied by the inverse ratio of the diameter of the axle to the diameter 
of the pulleys. Thus it was found that the resistance varies with the load 
and other circumstances met with in the experiments. 

IJ. A shaft carrying a number of discs to vary the weight, and having 
two wheels formed by a number of pulleys. In this manner the diameter 
of the wheel and the width of the tyre could be varied at will. 

The axle was attached to a metal frame, to which one or more horses 
were harnessed. A dynamometer recorded the tractive effort by means 
of a pencil in contact with a roll of paper which was unrolled, the move- 
ment of the paper being proportional to that of the wheel, and the 
deflection of the spring to that of tke tractive effort. The area of the 
figure enclosed measured the work. 

IIT. A dynamometer was interposed between the shaft and the fore- 
carriage. The tractive force was quite easily transmitted by this method. 
Most of Morin’s experiments were performed in this manner. 

The causes that have an effect on the tractive effort and also tend to 


destroy the roads are :— 


(i.) The weight or pressure upon the ground, 
(ii.) The diameter of the wheels. 

(iii.) The width of the tyres. 

(iv.) The velocity of the vehicle. 

(v.) The angle of inclination of the pull. 

(vi.) The efficiency of the springs. 


From each experiment Morin obtained a value for F, the tractive 
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effort, or the pull exerted by the horse. This value corresponds to values 
determined from :— 


The inclination of the ground . ’ . » (2) 

The inclination of the pull. ; ; are 
The weight of the shaft and its additional load (P) 
The weight of the frame and pole . : « (p) 


The total rise of the ground during the run . (h) 
The distance run , : ° ‘ ‘ « (DB) 
The coefficient * r) e . ry r (/) 


h 
L 
=(P+p). Applying the theorem of work to the movement of the 
vehicle :—The force F acts through a distance L, and its direction makes 
with the surface of the ground an angle (a). 

Therefore the work done in moving the distance L is equal to 
FL cos a. 

Work due to resistance is composed of :— 


(i.) That due to the weight of the vehicle, &c:, and which is equal to 
the weight multiplied by the total rise. 


Work due to weight = (P+p)h. 


(ii.) That due to the reaction of the ground upon the wheel :— 
Calling R that reaction or resistance to rolling, which acts tangentially to 
a wheel whose radius is 7, and if the tyre develops itself exactly upon 
the road, the point of application of the force travels a distance L, then 


Work due to the reaction of ground on wheel (R) = RL. 


(iii.) That due to the friction of the axle in its bearings :—The spindle 
is acted upon by two forces, 2.e. the pull F, which makes an angle of 
(a+7) with the horizon, and the weight or vertical force (p). The re- 
sultant of these two forces is normal to the circumference of the axle, and 
is represented by the third side of a triangle, of which F and P are the 


Now sin (i) = —, and the total pressure transmitted to the ground 


other two, making between them an angle of @ +ati 


“. Resultant =./ F?+4 P?—2 Fp sin (a +7) 


and if we multiply this expression by the coefficient of friction (/) we 
obtain the tangential rolling force applied to the spindle. The distance 
travelled by its point of application is equal to the distance (L) run by 
the wheel multiplied by the ratio of the radius of the spindle (p) to radius’ 
of the wheel (7). 

Then the work due to the friction of the axle in its bearings 


=L = VF? +p?2 Fp sin (a +7) 


The velocity of the vehicle was kept uniform throughout the experi- 
ments, and the variation of the momentum of the system was zero. 
The equation of work becomes— 


fol, 


FL cos a= +(P+p)h+RL+—— H? + P?—2 Fy sin (a+?) 
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and R=F cos «t(P+p) f as fe VF? + P?—2 Fp sin(a+72) 


The effect of the last term‘in this equation is very small; it attains its 
highest value when (2) = 0, but usually tan a = 0:262, sin a = 0:255, 


= = 0:02, and f = 0-065. 


Substituting these values in the equation, it will always be found that 
the friction of the axle i is less than 1/50 to 1/100 of the tractive force. 

Now, neglecting the last term and “making cos a = 0'967, the formula 
is reduced to the expresslon— 


R = 0-967 F+(P+p)" 


The values of A, L, P, and p are known, and the dynamometer gives 
F; the resistance R can then be determined. Representing R by an 
ordinate to a given scale, rectangular axes ox and oy can be chosen ; if 
from the axis x the values of the element which varies—i.e., the weight 
(P+p)—be marked off, and at the extremity of each of these values an 
ordinate corresponding to the value of R be raised, then a number of 
points can be determined lying on a curve, and from the form of the curve 
can be found the law which governs the ratio between the resistance R 
and the variable elenient. 

The preceding formule only apply to traction upon level roads. 

The following are the conclusions drawn from General Morin’s first 
series of experiments :— 


I. ‘The resistance to traction on macadam or paved roads (taken rela- 
tively to the axle parallel to the ground) is proportional to the pressure 
and inversely proportional to the radius of the wheel. 

II. ‘The deterioration of the road due to the vehicle increases as the 
wheels decrease in diameter.’ 

III. ‘The resistance is very nearly independent of the width of the 
tyres on macadam or paved roads for sizes above 0:08 m. to 0°10 m. in 
width.’ 

IV. ‘On compressible roads, such as loose earth, sand, gravel, and new 
macadam, the resistance to traction decreases as the width of the tyre 
increases ; the proportion depends upon the condition of the road. On 
hard roads it is useless to employ wide tyres, and on macadam in the 
ordinary state the tyres should not be wider than 0°10 m, to 0°12 m.’ 

V. ‘On soft ground, such as soil, sand, earth driftways in good con- 
dition, rutty roads, or layers of gravel on hard ground, the resistance is 
independent of the speed of the vehicle with or without springs.’ 

VI. ‘At a walking-pace on all roads the resistance is practically the 
same for all vehicles.’ 

VII. ‘On macadam or paved roads the resistance increases with the 
speed.’ The rate of increase of resistance is nearly in proportion to the 
increase in speed, with an initial speed of 1m. per second. The less rigid 
the vehicle, the better the springs of the vehicle ; and the more uniform the 
road, the less will be rate of increase of resistance: 

VIII. ‘On good sandstone pavement, well laid and uniform, the 
resistance at walking-pace is only three-quarters of that on the best 
macadam ; and for vehicles well hung, the resistance at trotting-pace on 
good pavement is equal to the resistance on good macadam. But on bad 
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pavement, with the setts too far apart, the resistance at trotting-pace is 
more than that on good macadam, even with vehicles with the best 
springs.’ 

IX. ‘The inclination of the line of draught, for the maximum useful 
pull, increases with the resistance due to the surface of the road and as 
the diameter of the fore-wheels diminishes. On the ordinary road the 
inclination tends to the horizontal, so much as the construction of the 
vehicle will permit,’ 


These preceding facts were not always borne out by the experiments 
conducted by General Morin, so he was requested by the Minister of 
Public Works to undertake a further series of experiments in order to set 
at rest the following questions :— 


I. Is the deterioration of the surface of the roads in inverse ratio to 
the width of the tyres, with equally weighted vehicles ? 

II. Can vehicles be loaded proportionally to their width of tyres ? 

III. Is the deterioration of the road in inverse ratio to the diameter 
of the wheels ? 

IV. Can vehicles be loaded in proportion to the diameter of the 
wheels ? 

V. Which causes more damage to the road, a light dog-cart or a 
country cart, both equally loaded ? 

VI. What is the rate of deterioration of roads in different states of 
repair ? 

After a further series of experiments he replied as follows :— 


(i.) To say that it is legitimate to weight vehicles proportionally to 
their width of tyres, assumes the hypothesis that the tyre presses equally 
upon the ground throughout its whole width, which is not a correct basis. 

(ii.) Equally weighted wheels with tyres 0:06 m. in width deteriorate 
the roads more than those with tyres 0:115m. to 0:165m. There is no 
marked difference from 0:115 m. to 0°165 m. in width, so about 0:115 m. 
is the maximum. — 

(iii.) A four-wheeled vehicle (waggon) with tyres 0-060 m. in width, 
diameter of fore-wheels 1:3m., diameter of rear-wheels 1°5m., can be 
loaded up to 2,400 kilos in dry weather and 1,800 kilos in the rainy 
season. 

(iv.) Vehicles equally loaded, and with the same width of tyre, deterio- 
rate the road more as their diameter is decreased within certain limits. 
The least diameter of the fore-wheels of a waggon should be 1 m. if it will 
allow them to turn under the frame. This limit is fixed upon in order 
not to raise the centre of gravity too high. The diameter of the wheels 
can be decided upon with due consideration to the centre of gravity and 
position of axle and frame. 

(v.) A load of 2,465 kilos drawn by a vehicle with tyres 2-029 m. in 
diameter and in width 0:115 m., on a good macadam road, does not cause 
any appreciable damage to the roads, even if the road be wet on the 
surface. Buta load of 5,000 kilos drawn ona cart with wheels 1:83 m. 
in diameter and tyres 0°165 m, wide, or a load of 7,985 kilos drawn on 
a four-wheeled waggon with tyres 0:16 m. wide and fore-wheels 1-011 m. 
and rear-wheels 1°73 m. in diameter respectively, produces a considerable 
deterioration upon the road. Therefore the load should not exceed 3,500 
to 4,000 kilos. 

1902. Y 
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(vi.) A load of 1,800 kilos on a cart with tyres 0°06 m. in width, on a 
good macadam road with a wet surface, causes considerable deterioration 
to the roadway ; therefore the maximum load under these conditions 
should not exceed 2,000 kilos, unless their tyres exceed 0:07 m, in width. 

(vii.) The distribution of a load on two or more vehicles, producing a 
distribution of the pressure over a larger surface, causes less damage to 
the road. 

(vili.) A load of 8,000 kilos on a macadam road with a wet surface 
causes considerable damage, and this limit ought to be considerably 
reduced if the roads are to be kept intact. 

(ix.) A spring carriage going at a trotting-pace with loads of 5,000 
kilos on macadam roads with wet surfaces does not cause any more damage 
than the same vehicle without springs proceeding at a walking-pace. 

(x.) The best limit to fix for the fore-wheels of waggons is 1 to 
1:10 m., and for the rear-wheels 1:50 to 1:60 m., in accordance with the 
construction of the vehicle. 


The following table gives the results (after General Morin) of the 
relation between the tractive effort and the total load for different kinds 
of roads and vehicles :— 


General Morin’s Table for the Ratio of Tractive Force and Total Load. 


; | Artil- Goods | | Coaches and 
Description and State of Roads | lery roocs | Carts | Carriages with 
‘Waggons Waggons | Springs 
Turf, softened by melting snow i a = 
39 firm . é 5 . . S| a — | = | a 
s, very dry ; ‘ k ON Rak Boss Pessina as == 
Earthways in good condition, dry, &c., sd abi deportebporat ot 
| Earth road, covered with untrodden | 7 2 | st a 
snow. 
| Firm earth, with a bed of sand or | 3 = | dk 3 
gravel 0-1 to 0:15 m. in thickness, 
F | (g> walking: 
Macadam, dry and unifor leet tot | ito an Wa 
| , dry o orm. oP hes stor | Ftod inte trotting. 
| wet and d jecti | aa ing. 
| ‘4 and, usty, projecting ers Beto 3 | stow | {3 Nir 
& ets } | >a |) as te Set= 
| 7 firm, slight wear, and soft ) Se inet te Fontan fag Walking. | 
mud. yl 30 | 27 BT | 36 a5 | (sb trotting. j 
9 firm, with ruts and very,| | 1 to |) 1 to 2 | {ai Walking \ 
muddy. ne) Benita elk aoe Kose trotting. 
ns worn and covered with howe ehh dell Biteiald ie walking. 
thick mud, pre ig 2] 25° Sn) (Ge trottiag, 
% badly worn and ratty, mud ) | ‘ Pes PE ny lt te} (jz walking. | 
very thick. p] Te) ae 0 ae | 152s | (2 trotting. | 
mY very badly worn, and with) | | 
deep ruts,hardfounda-{| | toon! Ligue 4 (qz walking 
tion, and unequal sur-() 24 | 17 15; a7 "at | (trotting, | 
face. | / | 
Sandstone roads, well set, and closely ) | ae | (aq walking. | 
: 210 kg ey yt se YT ayo ce: : | 
| laid. J 70 | 64 75> | 86 °- Io7) (| + full jog 
Roads paved with Fontainebleau) | ; aI era 1_| fay walking, | | 
sandstone, dry. j 65 | 55 'OGp | 30 80 r65 (+. trotting 
| Paved roads, wet, and covered with Talila Eaeaidlt Hifi hat as {as walking | 
| mud, j 50 | 260 ss | ar 'O ze | ay trotting. 


(ae? 3 J | | | (7; walking. 
Timber flooring of a bridge. F ak gtod | ay 1 es trotting. | 
‘ 
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Below is General Morin’s table for the maximum load that can be 
drawn on a level road. 


Class of Vehicle | Winter | Summer 
Country cart, with 1 horse. ’ nh 1,800 kilos | 2,000 kilos 
Four-wheel vehicle, with 2 hovses . aul 2,400 ,, | 2,800 ,, j 

A“ # 4horses. .| 4,800 , bg de OU 
7 ay 6 horses . -| 7,200 ,, 9,100 ,, 
Cart, with 1 horse : : : 1,800 ,, 2,500 ,, 
a 2 horses Bids. US Pires SOOM es | . 4,000", 
¥ 3 horses : A : anf 4,500 ,, | 5,000 ,, 


General Morin’s experiments decided for the time being the dimen- 
sions of the wheels and the maximum loads that vehicles should be allowed 
to carry. He strongly recommended the erection of weighing machines 
on all the principal thoroughfares. 


V. The Researches of M. Dupuit. 


General Morin’s experiments were fully accepted by the scientific 
world ; they were, however, fiercely attacked by a civil engineer, M. 
Dupuit, who, after much experimenting, arrived at formule which differed 
considerably from those of Morin. 

M. Dupuit pointed out a number of errors in the calculations given in 
Morin’s tables, and leads us to suppose that these suggest many others in 
Morin’s preliminary calculations, of which the results only are shown in 
the tables. 

He states thai the figures obtained differ considerably from those that 
give the proportion of the load to the diameter of the wheel ; that General 
Morin commits a serious error in his value for axle friction, i.e., 7,=0°05, 
which is too small and ought to be 0:12. That the distance travelled per 
revolution ought to be calculated from the diameter of the interior of the 
nave, as there is considerable play between the axle and the nave. That 
for the proportion of the tractive effort to the diameter of the wheel 
Morin compares experiments taken under various conditions, which re- 
moves all certainty from his results. That in Morin’s experiments on the 
width of tyres, the pressure and width of tyre are varied at the same time, 
so that it is impossible to distinguish the part played by each in the 
experiments. 

After pointing out these errors in General Morin’s experiments, 
Dupuit proceeded to conduct experiments exactly similar, but with his 
own apparatus, which was attached to a special car and had the advantage 
that experiments could be performed more quickly, as the vehicles to be 
tested had only to be attached to the dynamometer coupling on the special 
car. 

Dupuit experimented on the resistance to rolling of cylinders, by 
placing at the top of an inclined plane wheels which were allowed to roll 
down and run along the level until they were brought to a state of rest 
by the frictional resistance. 

- Ifhk=height of incline ; P = weight of wheel ; S =distance travelled 
along incline and level ; R = resistance to rolling, then resistance offered 
to the weight P will be PR. The work due to resistance will be PRS, 

Yy2 ; 
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and the equation of work which equalises the work done by the weights to 
the work of resistance will be 


PL RESY or eee 


S 

Taking the square root of the diameter D of the cylinders, and obtaining 
the product R ./D, Dupuit found that it always gave a constant number, 
which proved that the resistance to rolling varies in inverse ratio to the 
square root of the diameter, and not as the first power, as stated by Morin 
and Coulomb. 

M. Dupuit concludes from his experiments that on uniform surfaces 
generally, as macadam : 


(1) The tractive effort is proportional to the load. 


(2) ss Se independent of the width of tyres. 

(3) - bs inversely proportional to the square root of 
the diameter of the wheels. 

(4) : ¥ independent of the velocity. 


That the tractive effort or horizontal force necessary to move a vehicle 
on the level is expressed by the formula 
/2R 
A ey YBa 
Siig 
P = weight of vehicle; » = a constant which expresses a ratio between the 
compressibility and elasticity of the surface, 
The constant p is found from the formula 
oe 
Mage 
in which ¢ is the instant compression of the ground, and ¢’ the permanent 
set due to the load. 

On paved roads, Dupuit recognised that the formula had to be modified, 
for although the force required is always proportional to the load and 
to the square root of the diameter of the wheels, yet it increases with the 
speed, and diminishes as the width of tyre diminishes within certain limits, 
and also that springs diminish the force required, whereas on macadam 
springs have very little influence, 


Dupuit’s Table for the Ratio of Tractive Force to Load. 


Ratio of tractive force to pressure on 
: Width of 
Class of Vehicle - eae tyres in | Macadam. | Paved Roads 
metres | Walking or | ______. 
| trotting | Walking | Trotting 
Cart. : 1:82 05 032 012 028 
Rubbish cart 1:85 ‘O75 031 0205 028 
+ “5 ; : 1°89 ia 03 ‘0176 028 
” ” 1:90 14 ‘03 -0166 *028 
Gig 1:48 05 036 024 034 
Carriage 1:96 Aled 029 ‘0177 028 
Char-a-banc 1:50 05 036 03 ‘037 
¥ 0°86 05 036 03 037 
Coach . 15 13 029 016 02 
0°95 13 029 “016 02 
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Dupuit found that the mean force required to draw a vehicle loaded 
up to 1,000 kilos was 


On macadam roads = 30 kilos 
On paved roads = 20 kilos 


That on flagstones perfectly dressed the tractive force required equals 
6 kilos per ton, and that on asphalte equals about 10 kilos per ton. I'rom 
the above he obtained the following ratio :— 

The resistance on railroads : the resistance on pavements : the resist- 
ance on macadam :: 1: 4:6; but these resistances are not in proportion 
to the respective roughnesses, which are as 1 : 15: 36. 

M. Dupuit performed experiments on the effect of the width of tyres, 
and carefully noticed the manner in which they wore. He found that the 
edges became furrowed into deep grooves, and that some particles of the 
stretched iron became detached ; also that the wood having at first a 
rectilinear section was found after being considerably used to be elliptical. 

Experiments were made with wide tyres, and it was found that for a 
tyre 17 cm. in width only 9 cm. were in actual contact, and 6 cm. of a 
14 cm. tyre ; from this he concluded that the length of contact is of more 
importance than the width, this being at least 14 cm. for a tyre 2 m. in 
diameter ; that wide tyres are only useful when they bear on the road 
throughout their whole width, and in cases when the road is soft, uneven, 
and in a bad condition. 

Dupuit states that from actual experiments he found that a tyre of 
17 cm. after a few weeks’ wear was reduced to 14 cm. and after a few 
months’ to 11 cm., and that after a 17cm. tyre had been run 4,000 miles 
it was worn out and showed a loss of 1 kilo for every 20 miles and per 
ton of useful load carried. 

And, moreover, since the tyre is rounded, it is necessary to admit that 
the pressure is unequal throughout its whole width, and that not only 
does it diminish on both sides of the centre but to the right and left, that 
the surface in contact is not square or rectilinear in section but elliptical, 
forming an ellipse the major axis of which increases far more rapidly 
with the diameter of the tyre than the minor axis increases with the 
width of tyre. 

From another series of experiments Dupuit proved that under a 
pressure of 2,000 kilos, scarcely 4, of the material of the road was 
subjected to any strain. From this he concluded that 4,000 kilos might 
be taken as a standard load for a two-wheel vehicle, and the weighting 
distributed as follows :— 


Wheels (one pair) . . . 600kilos 
Axle and frame . 5 r 620 ,, 
Useful load a ‘ : . 2,880 ,, 


4,000 kilos = Total load 


Dupuit on the Effect of Hollows and Rises in Roads. 


Dupuit obtained the following formule :— 


1 el: 1 
ono 1B ando'moV |B 
R 


1 
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in which 
© =tractive force on the level | KR = Radius of the wheel. 
Oo Sa » ina hollow | R, = Radius on surface of the 
Ca » ona rise road, either concave or 
| 


convex, 


By giving different values to R, in reference to R, Dupuit found that 
the hollows have the effect of increasing the pull to a large extent, and 
their influence has a greater effect as the diameter of the wheel increases, 
and that the rises had the effect of decreasing the pull; but that the 
increase was always greater than the decrease. 

From experiments Dupuit concluded that, providing the road was 
undulating and had no very sudden rises or depressions, the effect of the 
undulations was practically nl. 


VI. Theoretical Investigations of Edmund Leahy, C.L. (1847). 


In an exhaustive treatise on ‘The Making and Repairing of Roads’ 
Mr. Leahy states that the power required to move a car upon a level 
road depends upon the friction of the axles and the resistance to rolling. 
The friction of the axles is the same in nearly all cases, as long as the 
load and the car are the same ; but the resistance to rolling, having its 
immediate'action at the tyre, must be variable according to the descrip- 
tion of road upon which the wheels move. 

He proves that the friction at the axle can be represented by the 
following formula :— 


P=W eS tan A. . . Py e (1) 


- 


where P is that force applied at the tyre which is just sufficient to rotate 
che wheel when supported on its axle, where W is the load on the axle, 
d the diameter of the axle, 2r the diameter of the wheel, and where A is 
the limiting angle of resistance for the surfaces in contact. 

He then goes on to consider the resistance to rolling, which may be 
due to either or both of two causes—namely, irregularity of surface, or 
yielding of surface over which the vehicle passes. 

Dealing with irregularity of surface first, he obtains a formula for 
the initial effort required to surmount an obstacle. 

The formula is 


J 2rh—l? . 
Pay Net teas. in Sa 
rah () 
where P is the tractive effort required, r is the radius of the wheel, 
W is the load on the wheel, and / is the height of the obstacle. He 
further proves that when the tractor, be it horse or motor, is unable to 


exert this initial effort, the minimum velocity which the vehicle must 
- have to surmount the obstacle is given by 


ae P _ (length of arc described by centre of 
V=V 29 { Lag . ( wheel in passing over the one) \ ro 


V is the least velocity which, together with the draught P, will enable 
the vehicle to mount the obstacle. 
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Here he deals with the loss of energy in mounting obstacles, and 
shows that this loss is given, when / is small, by the following :— 
72 9 
Loss of energy ¥7 x a, ' . . (4) 
Hintno & 
This is lost while the vehicle is moving a distance=2/, say, and hence 
he shows that the average effort is given by 


wv? vk 
gr J ir—h 


He concludes from these formule that the draught on a road whose 
surface presents a number of unyielding and projecting obstacles varies 
directly as the square of the velocity, and inversely as the square root 
of the cube of the size of the wheel. He goes on to say that the draught 
upon irregular surfaces must be much more than that which has been 
ascertained, in all cases where the velocity of motion is considerable, 
because there is no substance perfectly inelastic, and therefore, after 
striking the obstacle, the wheel will rebound backwards from the obstacle 
with a velocity proportionate to the relation between the forces of impact 
and restitution referable to the elasticities of the wheel and the material 
of the obstruction ; moreover, the obstacle when struck will, in many 
cases, slide to some extent, and thereby weaken the momentum. 

He then deals with the tractive effort required for a yielding surface, 
and states that to a great extent resistance to rolling is due to a continual 
displacement of a portion of the road material owing to its inelasticity, 
which, while it allows that material to exert a pressure against the fore- 
part of the wheel, will not permit it to rise behind, and thereby propel the 
wheel by its reaction. Thus the draught upon a soft surface is much 
greater than if it were upon a hard, unyielding surface 

He then deduces a formula for the draught upon soft surfaces, making 
two assumptions : first, that surface of road is perfectly inelastic ; and 
secondly, that the resistance to compression varies simply as the depth 
compressed. 

Using the same notation as before, except that is now the depth 
to which the wheel sinks, the formula is 


= Wh? 
Area immersed 


Average effort= 


(5) 


or further pa Length immersed 
~ 8 “Diameter of wheel 


ban vearat 


and hence he shows that the draught varies inversely as the cube root 
of the square of the size of the wheel, or little more than the inverse of 
the height of the wheel. 

He then proceeds to prove that when R is the angle of friction of 
rolling, A the angle of friction for the surfaces in contact at the axle, 
d the diameter of the axle, and 27 the diameter of the wheel 


d 


2r 


l—sin R tan A 


sin R+tan A 
P=W 


aiation. ta . (8) 


2r 
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He remarks that the deductions of M. Morin are in perfect accordance 
with the previous theoretical investigations, and alludes to the Second 
Report of the Select Committee of the House of Lords (1833) upon Turn- 
pike Road Trusts, where Mr. Macneill has given the following empirical 
formula for the draught on common roads :— 


where W is the weight of waggon, w is the load, V the velocity in feet 
per second, and c a constant, which depends on the surface over which 
the waggon is drawn. 

Mr. Macneill ascertained the value of c for different surfaces as 
follows :— 


c= 2 for a timber surface. 

c= 2 for a paved surface. 

c= 5 for a well-made broken stone road in a dry state. 
c= 8 for the like surface covered with dust. , 

c=10 for the same wet, and covered with mud. 

c= 13 for a gravel or flint road when wet. 

c= 32 for the same, very wet and covered with mud. 


Leahy then compares the theoretical investigation with experiment, 
showing in the first place that both agree that springs do not diminish 
the draught when the motion is so slow as to permit the body of the 
vehicle to be elevated and depressed just as much as the axle. The fact 
that the draught over an even, soft surface is not affected by the velocity 
corresponds with the experiments of M. Morin, but is at variance with 
the views of Mr. Macneill. 

By equation (4) he shows that over hard, irregular surfaces the varia- 
tion of the draught is as the square of the velocity, and remarks that 
there is a seeming discrepancy between this vonclusion and the results of 
experiments made under apparently analogous hypotheses, which would 
regulate the increments of traction by proportional increments of 
velocity. 

It must be remembered, however, that the experiments of M. Morin 
and others were made upon roads said to be hard, yet not so in fact, and 
with elastic machines, whereas had the experiments been conducted upon 
a perfectly unyielding surface and with a rigid and inelastic machine 
there is no doubt that the draught would vary as the square of the 
velocity, and therefore the conclusion is arrived at that according as the 
machine and rough roadway approach a state of inelasticity the more 
nearly will the draught correspond with this law of variation. Every 
road presents a different description of surface, and if upon one the 
draught was not at all affected by the velocity, or varied as V° owing to 
its softness and regularity, and upon another it varied as V” owing to its 
hardness and roughness, surely as there are many intermediate descrip- 
tions of surface between these extremes, so also must the draught upon 
them vary, as some intermediate power, between 0 and 2 of the velocity. 
Therefore, in general, the resistance to rolling must vary as V", in which 
n is the constant suitable to each particular surface, and always lying 
between 0 and 2; and any accurate empirical expression for the draught 
upon roads must have V" as one of its terms. 
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He then goes on to consider the uniformity of draught, deducing a 
formula 


d 


P=W cos a (tan R + tan A 5) + W sina 


r 


for the draught upon an acclivity in which a is the angle of ascent and R 
the angle of friction of rolling corresponding to any description of surface. 
Comparing this last equation with that for the draught upon a level 
road— 


P= W (tan R + tan A fy nearly— 
2r 
he concludes by drawing up the following table of uniform draught : — 
Table of Uniform Draught. 


Rate of Inclination | 


| Deseription of Surface 


Ordinary broken stone surface . t : ? ‘ | Level 

Close firm stone paving ; ; : : : é 33) 1 in 48} 
» timber paving . : ' : . : ‘ st 1 in 413 | 
a 45 trackway ; ‘ : A ; , | 1 in 312 | 
» cut stone trackway . é j : . : | 1 in 314 
», iron tramway . : : : F c “| 1 in 293 | 
9) railway 5 5 F 5 5 : ; F 1 in 283 | 


VII. The Work of M. Charié-Marsaines. 


M. Charié-Marsaines, inspector of roads and bridges, being struck by 
the instinctive preference of the farmers in the department Du Nord for 
paved road, undertook a series of experiments in order ‘to compare paved 
and macadam roads, as to durability, cost of maintenance, and the maxi- 
mum load capable of being supported. 

Below are the results of his experiments :— 


| | 
Reason Description Load / Distance run = re qe Ratio 
of roads per horse | per hour kilogrammetres 
‘ Paved 1:306 | 3300 | 4,309,800 | } ‘ 
Winter {| Macadam | -851 | 3-080 geetosy |; esd 
{| Paved | 1395 3500 | 4,882,500 | ; 
Summer 1) Macadam | 1141 | 3480 3,970,680 | 229 


The results of Chari¢-Marsaines’ researches are as follows :— 


(i.) The wear on the harness is less on paved than on.macadam roads. 

(ii.) The wear and tear on the vehicles is greater. 

(ili.) The lasting power of the horse is much less on macadam roads. 
A harness lasts six years on paved roads and five on macadam. A vehicle 
lasts seven years on paved roads and nine on macadam. 


These results differ very little from those given by Schwilgué in his 
experiments performed in 1832 on the roads between Paris and Havre. 
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VIII. Euperiments by A. Michelin (1896). 
Series of Five Tests made by A. Michelin. 


General data for five series of tests were as follows :— 


Diameter of iron wheels 5 front 0°92 m. ; back 1:12 m. 
” pneumatic wheels . » 0°90 m: : ». 20m: 

Weight of iron wheels f ; 3) 58 ke. A i 72 kg. 
is », pneumatic wheels : u 39 ke. : 9 56 kg. 

7 », brake,empty, iron wheels. . E : : . 577 kg. 

as A ssh Ey pneumatic wheels . y F , . 542 ke. 


Snow Trial on Res ae 5, 1895, 


—— Tron Whaolé | Drenbagtes 
1 kg. | kg. 
Empty carriuge (walking) . 5 AE 15:86 | 11:47 | 
Loaded ,, 150kg. 5 - : 17°83 12°71 
% fs » (trotting). . . | 29-60 | 15°27 
Sy » 3800 kg. 8 5 . 31:17 17°96 
Mud Trial on January 25, 1895. 
pigs | Iron wheels | Pneumatics 
kg. kg. . 
Empty carriage (walking) . . Sval 16:00 10°50 
; Loaded ,, 150 kg. s 4 otal 17:39 12°43 
‘e a i (trotting) . j ‘ 19°55 12:97 | 
: 14:16 


” > a0 Ke. 5 ; 3 ; 23°06 


Fic. 1.—First Series of 'lrials (January 1895). 


EMPTYAT | ISOKAT \ (50K AT 300K Ar 
THE WALK | THE WALK \ THE TROT \ THE TROT 


/RON 
—— — — PME 


} SWOW 


Second Series of Tests, August 1895. 


Instead of taking the same running ground (as on the first trials) on 
the various days, different surfaces were tried under the same conditions 
of dryness. 


9 
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Average for the whole of the Runs. 


ee Pack Tron Pneumatic If traction of pneuma- 
: wheels wheels tic=100 theniron = 
| | kg. ke. 
Empty carriage Walking 17:42 14:05 124 
3 - : . | ‘Trotting 20 41 15°95 128 | 
Heavily loaded, 300 kg. | Walking 20:75 16°14 128°5 | 
| ra a AA Trotting 29°70 16°40 181 


From the above and fig. 2 the advantage of the pneumatic is evident. 
It is considerably augmented with the speed and the load. 
General average obtained for all roads, at all speeds and loadings :— 


For iron-shod wheels 
4, pneumatic ,, 


* . 


22-07 kg. 
15°63 kg. 


Michelin found that even upon hard and smooth ground, pneumatic 
tyres gave a greater economy, amounting to about one-third. 


Fre. 2. 


\ 
i] 
jee 
1 
i 
i} 
i] 
' 
' 


EMPTY AT 
THE WALK ' 


LNPIV AT ' 


oe SS 


GOOKAT 
THE TROT |\ THE WALK 


RUBBER 


| 


SOOK AT 


| 
{ 
! 
! 
1 
f 
' 
| THE TROT 


—Second Series of Trials (August 1895). 


— : == PNEUM 


Third Series of Tests, November 1895. 


More variety in the nature of the roads. 
Three trials over each kind of road :— 


(A) Total length, 40 m.; gradient, 1‘5 per cent. ; macadam, fairly 


good, less sound than second series. 


(B) Total length, 110 m. ; good regular pavement ; gradient, 1:2 per 


cent. 


(C) Badly paved, irregular ; gradient, 1:9 per cent. ; length, 50 m. 
(D) Steep gradient, 5°8 per cent.; macadam, in good condition ; length, 


80 m. 


(Z#) Road through vineyards very badly maintained ; length, 50 m. 


Experiments made at the trot, &c. 


Now, if we take the average of all these speeds over the three Courses 


A, B, and C, we have! 
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—— | Iron wheels Pneumatics Solid indiarubber 
a -- - _—- | 

Empty carriages at the 1 kg. kg. | kg. 

trot . 20°87 15°45 20:07 
Heavily loaded, 300 kg. 

walking . 22°10 19:87 25°69 
Heavily loaded, 300 ke. Ns 

at the trot. 2 29°52 20°65 | 28°62 

Walking and trotting. | rotting alone. 

If traction pneumatics = 100 Traction for pneumatics = 100 
Then traction of iron wheels = 129-4 | ” » iron wheels = 134°9 
Traction of solid rubber ,, = 1328 Fi », solid rubber = 139'6 


Fig. 3,—Third Series of Trials (November 1895). 


GOOD MACADAN GOOD PAVING, REGULAR, | BAD PAVING, IRREGULAR, | qo, 
SLIGHTLY WET & IW GOOD ORDER & STONEY fe 


MCLINE 15% ' INCLINE [27s | INCLINE 1 9% 


—--- 


H------ 


weeeh 


¥ie. 4.—Third Series (1?ésumé). 
40KG 
dS 
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Third Series of Tests, November 1895. 


Empty carriage at the trot | Load, 300 kg., at the walk | Load, 300 kg., at the trot 


| Pneus. | Solid Tron | Pneus. | Solid Tron | Pneus.| Solid 


Tron 


Course A, kg. kg. kg. kg. kg. kg. kg. kg. ke. 
Macadam, fairly 
good condition, 
slightly damp. 
Gradient, 1°5 pS | 
cent. . 22:38 14°34 19°22 22°88 18°79 | 25°03 | 31:12(2)| 189 28°25 
Course B. | | 

Good regular pave- 
ment, dry and 
clean. Gradient, | 
1‘2 per cent. -| 14°83 12°53 17°80 

Course C. 

Bad, irregular 
pavement, flinty 
D'Allier. Gradi- 
ent, 1°9 per cent. 24°39 19°49 23°20 24°53 22°16 29°92 36°13 22°55 32:70 

Course D. 

Macadam in good 
condition. Gradi- 
ent, 5°8 per cent, _ _— _ 4773 46°81 4958 | — _ — 

Course E. : 

Macadam, badly | 
kept, wheel ruts. 
Gradient, 5 a 
cent. . . = — _— 83°69 56°64 W791 _ _ _ 


18:89 |18°68(?)| 2212 | 21°30 |20:50(2)| 24-90 


The results of these tests (shown in fig. 4) only go to confirm the two 
previous series of tests, and markedly show the worse the ground the 
greater the economy in using pneumatics. Tests were not taken with iron 
wheels over Courses D and “E, on account of the great shocks destroying 
the instruments. 


Fourth Series of Tests, January 1896. 


In the previous experiments errors crept into the results, but this series 
clears them away. 
The normal speed was about 10°5 km. per hour. 


Fourth Series of Tests. 


Speeds at the trot, 10°50 km. per hour. Pneus. Tron Solid 

kg. kg. kg. 

Ist. Dry, frosty . : 19-4 259 25-4 

ee polar Te. fe Liquid ‘mud, | 21-65 | 296 | 293 
gular, Gradient 1:8 | slightly sticky. 

per cent. 3rd. Same mud, dried . | 2025 | 272 | 264 

lst. Dry, frosty . - | 20°6 22°8 24:8 

ee ceeeetiom, sbently y | ona. Liquid ‘mud, | 232 | 31-7 | 29-9 
Se pecagn Es Gradient l slightly sticky. 

PEE ce 3rd. Same mud, dried . | 22-4 28:16 | 275 

(C) Good regular pavement. { 1st. Dry : - E 14:8 18-2 188 

Gradient 1:2 per cent. (2nd. Wet . . - | 161 19°8 21 
(D) Bad and irregular pave- abide 19-4 29'1 97:8 
ment. Gradient 1:94 5.4. Wet ee) ergs 39°4 29:7 


per cent, 
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Tf we take 100 as the power necessary to draw the vehicle with pneu- 
matics, then we get :— 


On good pavement with mud slightly sticky . Pneumatics = 100 
” ” ” ” 3 . Ironwheels = 136-7 
” ” 9 a ne . Solidrubber = 130-7 
Upon bad pavement, dry . ; . - . Pneumatics = 100 
ay “f hue 4 4 5 - Iron wheels = 150 
” a as whe 5 “ ‘ . Solidrubber = 143 
Good regular pavement, dry. : : . Pneumatics = 100 
59 ‘> A oo A - ; . Iron wheels = 123 
” ” ” ” . . . . Solid rubber = 127 


These results again show the great advantage of pneumatic tyres in 
all cases. 


Fic. 5.—Fourth Series of Trials (January 1896). 


-- RUBBER ___ .___ PNEUM. 


Fig. 6.—Fourth Series (2é wm ), 


RESUIAR| OLD) GOOD) GAD | sexy 
95) "PAVING ' MACADAM' REGULAR | IRREGULAR 
| PAVING \ PAVING 
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Fifth Series of Tests, February 1896. 


All the tests hitherto have shown that the economy of pneumatics was 
more apparent at the trot than at the walk. It can even be said that the 
force taken by the pneumatic increased but little as the speed went up 
from walking to trotting, whilst that absorbed by the iron perceptibly 
increased with the speed. 

Experiments were made on a good regular macadam road ; length 
100 m., gr. 1:5 per cent, Hach test was repeated several times with an 
empty vehicle, from which were deduced the following average speeds :— 


For pneumatics » 4900 km. per hour=walking speed; 10°5= trotting; 
15:12 = quick trot. 

Foriron . = . 4550 km. per hour =walking speed ; 10°94 = trotting; 
15°12 = quick trot, 


The averages of the forces exerted were as follows :— 


| ee | Walking Trotting | Quick trotting | 
For pneumatics a : | 13:0 kg, 13°5 kg. 13-5 ke. 
For iron wheels . .| 13°8 kg. 17-0 ke. 22-1 kg. 


Tt will be noticed that at the trot and quick trot the results for pneu 
matics are the same. It appears then that whatever the speed may be 
within reasonable limits, the force absorbed by traction varies but little 
upon good ground with pneumatic tyres, 

Then the advantage of the pneumatic over the iron tyres increases 
with the speed, If we take 100 as the pneumatic traction, we obtain 
for the iron traction at the ordinary trot 126 ; at quick trot 164. 

The following conclusions can be drawn from the above experi- 
ments ;— 


(i.) The solid indiarubber tyre is better than the iron in certain cages, 
especially if the road be sticky, very irregular, or covered with snow, but 
it becomes inferior to iron if the surface be hard and smooth. 

(ii.) Solid tyre vastly inferior to the pneumatic. 

(iii.) Pneumatic 50 per cent. better than the iron. 


Michelin compared his experiments with those of General Morin by 
making a series of complementary tests with iron wheels upon good dry 
pavement as much like the conditions under which General Morin’s 
experiments were performed as possible, with results as follows :— 


Walking 
Trotting = 


ll 


12°9 ke. 
8:8 kg. 


These, on being compared with General Morin’s, will be found in every 
case below those given by him; this is owing evidently to the better 
hanging of the vehicle and the better dynamometer. 

But if we compare these various forces, taking for example 100 as 
the force of traction at walking pace, we arrive at the following 
results :— 
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teak Force calculated Average force from | 

after Morin above experiments | 

. : = SSS Ei 

1st Case —Upon mac- ¢ Walking ae 100 100 | 
adam in good condi-< Trotting off} 127 193 

tion, dusty Quick trotting | 152 160 

Qnd Case.—Good dry { Walking. | 100 100 | 

pavement | Trotting ah 151 146 | 


The results are almost identical with those of General Morin, 


IX. Extract from the Report of Professor W. C. Unwin, /.RWS., on the 
Trials of Self-moving Vehicles at Birmingham made before the Royal 
Agricultural Society, 1897. 


Some experiments were made on the competing vehicles to determine 
the vehicle friction. 

The method adopted was to allow the cars to run down hill by gravity 
(the motor being idle) and noting the speed acquired and the distance in 
which they came to rest, 

The cars, fully loaded, were taken to a hill on the road between 
Bassett’s Pole and Bonehill. This portion of the road was levelled and 
marked out in 100-foot distances. 

The total weights of the cars and loads in these trials were the 
following :— 


Daimler . : F F : : , . 248 tons. 
Lancashire F j ; 3 ; ‘5 - 649 ,, 
Chiswick . : ye P x , % 3 6:7, 


” 


Method of T vials.—Each car was brought to one of the marked dis- 
tances on the descending gradient, generally the point 300 feet from A, but 
in Trial 3 at 400 feet from A. The car was then gently started froin rest 
and allowed to descend the hill by gravity. As it passed over the 200-foot 
length from B to C the time of passage was taken. The car was allowed 
to come to rest, stopping generally at a point beyond C, but in two trials 
a little short of C. From the speed over the base B C one measure of the 
friction can be obtained. The mean gradient from start to stop is another 
measure. 

The following formula was used for calculating the friction from the 
speed observations :— 


v2 
3 A— 3 
f ce Ss 
where 2240f is the friction of the car reckoned in lb. per ton, 4 the 
fall in feet from the point where the car started to the middle point of 
the base BO, and s the distance from the starting-point to the middle 
point of B C. 

1/f is the gradient due to the friction ; that is, the greatest gradient 
on which the car would stand without moving, or if put in motion would 
run without acceleration. 

The following table gives the values of the friction calculated from 
the observations :— 
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Gravity Trials. Speed Observations. 


oC a 2 43 | 
ti } we 3} Elie | 
ee | ae = gs | 
£4 oO g ia 
a ee 2g | 
c~ 2% : : ime | Fricti | 
No. = aes BES Time SES | 25 ba vw Becta Gradient | 
of | on 8 wAs a over | Ni S Soa ae TEuicle corre- Mean, 
run} “oc 8 Sod ase, ~ 38 22 <u sib sponding | 
Se ais sec, ee ES .4_, to friction | | 
q SS r= ee per ton | | 
gs oP am 25 | | 
22 gs F 28 | 
Pas), e 2 nal | 
a e = 
Daimler Motor Company, London. 
2 400 200 | 100 | 20:00 AGit UN) (6:23 | 589 lin 38 |) 
4} 300 | 20 | 118 16'94 10:25 | 4°46 43°2 | Lin 52 |} 1in 45 
3; 400 | 200 | 94 21-27 1677 | 704 | 644 | 1inat |J 
Lancashire Steam Motor Company, Leyland. 
5 aaa] es}, ere | 7-98 16°77 0°98 92:0 lin24 | | 
7 396 | 1925 | 220 8°75 16°77 1:19 88:0 a ee 
9} 400 | 200 18-0 1111 16°77 1:92 83°1 Vino ieee | 
4 400 | 200 | 114 17°54 16°77 4°79 670 «| 1in 33 
Steam Carriage and Waggon Company, Chiswick. 
10 400 200 144 | 13/89 16°77 3°00 70 | 1in 29 1V5 sn ob | 
11 400 200 150 | 13°33 16°77 2°76 78-4 | lin 29 | eas es 
| 


Nov“.—In Run 3 with the Daimler car the engine but not the gearing was disconnected. In Run 8 
with the Leyland tar the engine was disconnecttid. 


Tt will be seen that the Daiinler car had the least friction, viz., ;!,th 
of its weight, or 51 1b. per ton. The Thornycroft car had a friction of 
y!yth of its weight, or nearly 78 lb. per ton. The Leyland car had a 
friction of .!,th of its weight, or nearly 88 ]b. per ton. With the engine 
disconnected the Daimler car had a friction amounting to , of its 
weight, and the Leyland car had a friction amounting to .),rd of its 
weight, or 67 lb. per ton. 

From the difficulty of getting the speed quite accurately, and also to 
some extent because the method of calculation is approximate, probably 
these results are not quite so trustworthy as those obtained in the follow- 
ing manner, in which the friction is calculated from the distance from 
starting to stopping. 

Friction calculated from distance of running from starting to stop- 
ping. Let s be the total distance the car ran, and / the fall of level in 
that distance. Then h/s is the gradient due to friction, and corresponds 
to 1/f in the previous calculation. 

A table of the results of the observations calculated in this way 
differed only slightly from the previous resuits. 


X. Haperiments by Professor H. S. Hele-Shaw, F.R.S,, for the Royal 
Lancashire Agricultural Society, 1897. 


Professor Hele-Shaw made a number of experiments for the above 
Society at their show held at Southport, 1897. Among other results he 
obtained the tractive force for agricultural waggons and carts, on turf and 
roads. 

The following is a brief summary of the results obtained :— 

1902. Z 
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Diameter | Width wr | | | 
|of Wheels of Tyres | Weight ‘Toad Tractive | Tractive 
| in inches | in inches | ©f Waggon ;, | Force per | Force per 
== ae je ge ou Itong | ton of Load, ton of Load) 
| | in Ss. 
Fore/Hind Fore Hind | On Bust ) eee 
| i Few} | = ies re 
Agricultural Waggon. | 39 42 4 | 4 | 2,142 3 | 285 148 | 
, t 39 (484 1.4 |) 289 1 Bel (OTF 125 | 
" ay |-41-4-1b4--| Tiss Ss 289 139. | 
%s 36x] 40%) Arie kev |!) Lageeeeaal es 227 170 
Agricultural Cart .| 65 ;— 3 — | 1,281 13 | 269 116 
Z is 6b jp 4st a ie 260 147 
< . 59 | — | 48) — Aare | le 332 111 
a ie 59 | — | 42 | == LQTS Ae 240 109 
s re |S ES ee 1,330. | 12 !|) “258 130 
: i liga eee as. Yet Teroepl 1:| . gee 153 
ke F ae ieee | | S|) Gidas o)ag'| 28a | Sears 


XI. Investigations of Ira O. Baker, M.Am.Soc.C.E. (1902). 


The resistance to traction of a vehicle upon the road consists of three 
independent elements: I. Axle friction ; II. Rolling resistance ; and 
III. Grade resistance. Nothing need here be said about grade resist- 
ance, since it is perfectly understood that it is equal to 20 lb. per ton 
for 1 per cent. of grade. 

I. Aale friction.—It has nothing to do with the surface of the road. 
The coefticient of friction varies with the material of the journal and its 
bearings, and with the lubricant. It is nearly independent of the 
velocity, and according to the author’s experiments seems to vary inversely 
as the pressure. 

For light carriages when loaded the coefficient 

For heavier . ,, 3 9 F 

For American thimble skein waggon _,, 


0-020! of the weight on axle. 
COOL yf 
O:O1L2 »):;, 

If there is a deficiency of lubricant, these figures are two to six times 
greater. General Morin’s value for axle friction was 0-065 ; this difference 
is probably due to the better mechanical construction of the present day. 
The tractive force required to overcome the axle friction is about 3 to 
34 Ib. per ton of the weight on the axle for ordinary waggons, and from 
34 to 45 Ib. for waggons with medium-sized wheels and axles. 

II. Rolling resistance.—The resistance of a wheel to rolling is due to 
the yielding or indentation of the road, which causes the wheel to be 
continually climbing an inclination. The resistance is measured by a 
horizontal force necessary at the axle to lift it over the obstacle, or to roll 
it up the inclined surface. The rolling resistance varies with :—(a) The 
diameter of the wheel; (b) The width of the tyre; (c) The speed ; 
(d) The presence or absence of springs on the vehicle ; (¢) The nature 
of the road surface. 

(a) The diameter of the wheel.—The rolling resistance varies inversely as 
some function of the diameter of the wheel, since the larger the wheel the 
greater? the force required to pull it over the obstacle. 

The results of the experiments are shown in Table I., data as follows 

The three sizes of wheels used: (44'’ in front and 56" hind wheels) =50’’ wheels. 

as - % (36"' in front and 40’' hind wheels) = 38’ wheels. 
a ‘s - (24'’ in front and 28’’ hind wheels) = 26"’ wheels. 
The load being 13 ton of 2,000 lb. per ton and with tyres 6’ wide. 


” 


” 


on 


1 The above figures assume good lubrication. 2 Less. 
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Morin concluded that the resistance varies inversely as the first 
power of the diameter of the wheel. 

Dupuit that it varies {inversely as the square root. 

Clark that it varies inversely as the cube root. 

Baker that it varies very nearly inversely as the square root of 
the mean diameter. 


(b) Width of tyres.—If the wheel cuts into the road, the traction is 
thereby increased ; but for surfaces where there is little or no indentation 
the width of tyre has practically no effect upon the traction (see Tables 
II. and IIT.) 

(c) Effect of speed.—The rolling resistance increases with the velocity 
owing to the effect of the shocks or concussions produced by the irregu- 
larities of the road surface. It requires from two to six or eight times as 
much force to start a vehicle as to keep it in motion at two to three miles 
an hour. The extra force required is due to:—(1) During the stop the 
vehicle has partly sunk into the road ; (2) Axle friction is greater at 
starting than after motion has begun; (3) Energy is consumed in 
accelerating the load (see Table IV.) 

(d) Effect of springs.—Springs decrease the traction by decreasing the 
concussions due to the irregularities of the ground, and are therefore more 
effective at high speeds than low, and on rough roads than on smooth. 

(e) Different road surfaces.—The tractive force was obtained by a 
Baldwin dynagraph. The instrument consists of two long flat springs 
fastened together at their ends, and having their centres farther apart than 
their ends. One end of the apparatus is attached to the waggon, and 
the other to the team. The pull of the team causes the centres of the flat 
springs to approach each other. One spring supports a graduated disc, 
and the other is connected to an index arm which is pivoted at the centre 
of the graduated disc. From one end of this index arm the pull can be 
read directly from the graduation. There are two extra index arms, one 
to indicate the maximum power developed, and the other to indicate a 
rough average. The end of, the index arm, opposite the graduated arc, 
records the amount of traction upon a strip of paper which is wound from 
one cylinder to another by clockwork (see Tables V. and VI.) 


Taste I.—Lffect of the Size of Wheels on Traction. 
| 
} 


Tractive force, lb. per ton | 


ar E | Mean Diameter of Front and 
Description of the Road Surface | Reax Wheels 
| Bo” 38" 26" 
Macadam, slightly worn, clear fair condition . | 57 61 | 70 | 
| Gravel road, dry, sand 1" deep, loose stones , 84 90 | 110 | 
as » up grade 22 per cent., 3'’ wet sand, WS ess 1 SF) 
| frozen below. 
Earth road, dry and hard . 4 : 3 : : 69 | 2 79 | 
| a » 4! sticky mud, frozen hard below, rough TON ei TIS |" HSS 
| Timothy and bluegrass sod, dry, grass cut . - : 1320, 4b) aot 
PA Ps » wet,spongy . . eh aes 203 | 281 | 
Cornfield: flat culture; across rows, dry . : Sieelesieh 20% ol 26nes 
Ploughed ground ; not narrowed, dry, cloddy | 252 | 303 .| 374 
| A eae 
Average value of the tractive power | 180 | 148 | 186 
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Taste I].—Effect of the Width of Tyres (load 1 ton). 


Description of the Surface 


| Resis ance to 
Tiaction 
lb. per ton 


| Width of ‘Tyres | 
| 


13” 6" 
Broken stone road.—Hard, smooth, no dust, no loose stones, | 121 98 
neatly level. 
Gravel roads.—Hard and smooth, few loose stones, size of black | 182 134 
walnuts, 
” Hs Hard, no ruts, the large quantity of sand pre: | 230 157 
vented packing. 
x = New gravel, not compact, dry . ‘ ‘ . | 330 260 
i 3 Wet, loose sand, 1'’ to 23’’ deep . : * , 246 254 
Earth roads.— Loam, dry, loose dust, 2" to 3” deep 90 106 
- my i » hard, no dust, no ruts, nearly level . 149 109 
Fo Fs » stiff mud, drying on top, spongy below ., 497 307 
ry ” »» mtd 24" deep, very sticky, firm below 251 325 
i be Clay, sloppy mud, 3’’ to 4"’ deep, hard below 286 406 
9 3 », «dry on top but spongy below, narrow tyres | 472 4292 
cut in 6” to 8”. 
* 7 » dry ontop but spongy below . : 618 464 
| <3 :, », stiff, deep mud . : . F | 825 551 
Mowing land.—Timothy sod, dry, firm, smooth, narrow tyres | 317 229 
cut in 1”, 
8 +9 Timothy sod, moist, narrow tyres cut in 33” 421 305 
re Soft and spongy, grass and stubble 3" high; 569 327 
narrow tyres cut in 6”. 
Pasture land.—Bluegrass sod, dry, firm, smooth . 218 156 
4 Fr Bi » soft, narrow tyres cut in 3’’. 420 273 
Fe 9 Fa »» harrow tyres cut in4” . ; 578 436 
Stubble land.—Corn stubble, no weeds, nearly dry enoughto |) 631 418 
plough. | 
“A 3 Corn stubble, some weeds and stalks, dry enough | 423 362 
to plough. 
5 » Corn stubble in autumn, dry and firm 2 . 404 256 
Ploughed land.—Freshly ploughed, but not harrowed, surface 510 283 
rough. | 
3 » Freshly ploughed, harrowed, smooth and compact | 466 323 
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Taste III. mks ae the Width of aye es on Traction. 


b41 


Resistance to face in lb. per ton of 2,000 Ib. 
ae 44” and 46” Wheels | 44” and 54” | 42” and 46" | 44" and 54” 
Description of the 
Road Surf pone a aa a 3 
“ie see Tyres | Tyres Tyres Tyres 

14” 4! 13" | ‘at 14" 4” 14” By 13” | git 

Sod . ee rae Ba a ye 

Roads. —Farth hard . 08 ee eee ee tae ena 

», muddy | —- | 243 | 268 | 304 | 236 | 254 — | 265 | 228 

Sand.— -Hard TSN a aca Cz feaa ee at et Coy a LCS Te Uo} || a | 
4 Deep 871 | 351 | — — — — — — <= — | 

Gravel : - |) —— 98°) 117 | 83°) <80))/6— | = 66 | 76 

Wood block: round , 51 49 | 61 TON) MBs) AG A) 54] 28) 38 


Tante IV.—LEffect of Speed on Tractive Force esters Mor heal 


| 
| 
| 


Rpaeideaaes: a traction in lb. per ton of 2,000 lb. | 


Description of the Road Surface Stage Coach Carriage 
| Fast Fast 
Walk | Trot | Trot Walk | Trot Trot. | 
Broken stone Good condition, dry, | 42 49 50 41 48 49 
road. compact. | | 
7 Very firm, Jarge stone | 59 ton oe 58 73 81 
visible. 
3 Little moist, or little | 49 75 | 88 48 74 88 
dirty. 
* Firm, little soft mud.) 77 92 | 100 | 76 91 99 | 
3 Firm, ruts and much 95 | 108 ; 117 93 | 108 | 116 
mud. | 
Bs Portions worn out, | 112 127 134 110 | 126 133) | 
thick mud. | 
3 Much worn, mud, ruts | 146 | 161 | 169 | 145 | 160 | 168 
3'' deep. | | | 
‘fi Very bad, rough, ruts 164 | 180 — | 162 202 — | 
4'' deep. | | 
Stone block Very smooth, narrow 32 48 | 55 | 31 47 54 | 
pavement. joints. | 
4 Fair condition, dry 35 DOWNLOD, ales io 51 67 
i Moist, covered with | 35 49 | 56 | 44 60 67 | 
dirt. | 
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Tarte Vl.—Tractive Resistance of Level Pavements, 


lb. 
Description of Pavement. er ton of 
2,000 Ib. 
Asphalte.—Clean, smooth, no cracks, 52°F. . , ; F : 3 

si A a 5 S4c ee 3 ; : : 3 | 70 

uy ‘* - $ ee e.g | ie | 34 

Brick.—3'' x 9'’ bricks on concrete, corners rounded, sand filler, not | 17 
worn. 

or 3" 5 9’! bricks on concrete, but newer and covered with | 31 
1” dust. 

ae 3'' x 9! bricks on concrete, but cement filler; just completed 22 

nA 24" x 8" brick on concrete, pitch filler; new. - : 24 

‘ 3!" x 8’ brick on gravel and cinders; sand filler, corners | 37 
not round. | 

A 2! x 8! brick on sand and old macadam, tar filler; new . | 25 

Granite block,—Smoothly dressed 3'’ x 9!’ blocks on concrete joints, | 29 
" tar filler ; not worn. | 

af Smoothly dressed, on concrete, pitch filler; new . 30 

+ Ordinary granite, 10 years’ wear. : ; : 36 

Macadam.—Granite top, no dust, no mud 4 A P F Pal 18 

Plank road,—Oak plank, 3’ x 12"; nearly new : ; ; al 32 

” Same as above, after worn down 3” in many places ; | 38 
clean. | 

a As above, covered with }"' fine loose dirt . i ; | 40 

Steel wheelway.—8”. 11} 1b. channel, on 2’ x 8'’ pine, on macadam; | 40 
covered with 2/' powdered stone. 

es ae Same as above, scraped clean with a shovel 19 

3 FA ‘A on covered with 2” fine dust . ; 28 

Wood block.—Rectangular blocks, 3'’ x 12'’, considerably worn yl 36 

iA a Round cedar block, covered with }"' silica pea gravel . | 90 

” ” ” ” ” ” ” e crushed gravel . | 50 

ee s a "3 »  ¢lean, blocks slightly convex on top 53 

5 re Round cedar block, 2” plank, 2’ sand, clean, not | 37 

worn. 
35 5 Same as above, clean, slightly worn . : : 51 
on a “ 35 » considerably worn , 5 ty 54 


3, 4 and 5 with wheels averaging 423’’ diameter, the remainder 47". 


XIT. Summary of the Opinions of Various Writers on the Effects on 
Traction on the Level of the Independent Blements of Road Resistance. 


Tractive Force. 


1 ; 
Author- Diameter Width Nature of | v1.0; : | Deteriora- 
ity | Date) Load | of Wheels of Tyres Tyres Ves | Springs a 

| | 
Edge- | 1808! — = = | = On rough — 
worth | | | | roads’ in- 
| crease of 
| efficiency 
| | by one-third 
: | | at 8°8 kilos 
| per hour. 
Cor- | 1832 _—- — _ Increases Dimin ishes |Proportional 
rége and | | with. | on roads | to load, 
Manes | | | having ir- | width of 
. | | regular sur-| tyre, and 
| | | | ' faces. speed. 
Coriolis — | Direct- Inversely | Inversely | _ | — = 
|ly pro-, as the| as the | 
|por- | enberoot square 
| tional of the | root. | 
} to the | square, | 
| ith =| | | 
| power. | | | 
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Author- Diameter | Width | Nature of ; : Deteriora- 
ity Date | Load of Wheels of Tyres Tyres Velocity Springs eon of 
Ss 


Morin | 1837-|Propor-| Varies in- | Nearly in- 
1842 | tional.| versely as | dependent 
the first | for maca- 


Indepen- Noeffect |Inversely 
dentonsoft; on soft! propor- 
ground, | ground | tional to 


power. dam and such as suchassoil,’ diameter 
Pp ave d soil, ae | sand, &e. | of wheels, 
roads for &e,, With or | | 
sizes above without | 
‘08m. to springs. \ 
“10m. |Increases 
ee ae | for pave 
| or maca- 
Roath ene | dam roads. 
as loose 


earth, sand, 
graveland 
new maca- 
dam trac- 
| | tion de- 
| | | creases as | 
| width in- 
creases, the / 


Iron tyres only were experimented with. 


proportion } 
depending | 
onthe con- / | 
dition of | | | 
oli the road. | | | 
Dupuit — Propor-| Varies in- | Indepen-| Independent Dimin ishes | — 
| tional. | verselyas | dent. | on maca- | on paved 
the square dam and | roads. 
root. smooth |Very little | 


roads; | influenceon| 
generally | macadam | | 
increases roads. 


| on paved 
1 | roads. 
| Leahy , 1847 | Propor- Inversely | Indepen- Indepen- Useless at | —_ | 
tional. prop or- dent. dentonsoft very slow | | 
tional. surfaces. speeds. | | 
| Varies as | 
| the second | 
| | power on | 
perfectly | 
| | hard irre- | 
| { | gular roads. 
Miche- | 1896 — | _- _ ‘Solid rubber = — — 
lin | tyre is bet- | | 
| ; ter than | 
| iron in cer- | | 
tain cases, 
| | especially | 
| | if the road | 
| be sticky, | | | | 
| very ir-| | | 
| regular, or | 
| covered | 
| | with snow, | | 
| | butitisin- | | | 
| | ferior to | 
| | iron if road 
| be hardand | 
| smooth. 
‘Pneumatics | 
| 50 per cent. | | 
| better than | 
| | iron. | 
Clark | — - Inversely -- — — — — 
as cube | 
I root, | 
Baker | 1902) — Very near- | Almost in- | _ (Increases |Diminishes, = 
ly inverse- | dependent. | with, More effec- | 
ly as the | tive athigh | 
square | speeds than | 
root of the at low 
mean dia- speeds, 
meter. 


<p 
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General Arrangement of Dynamometrical Apparatus for Road Traction Experiments. 
Illustrating the Report on the Resistance of Road Vehicles to Traction. 
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XIII. Description and Drawings of the New Dynamometer made for 
the British Association Committee to carry on the Researches. 


The general arrangement of the new dynamometer made for the Com- 

_ mittee to carry out the researches on road resistances is shown in Plate III. 

_ The apparatus comprises a castor frame, AA, in which can be mounted 

; the wheel, B, to be experimented on, a system of levers, CC, for transmitting 

_ to a small plunger, E, the pull exerted on the wheel, and a recording 

_ pressure-gauge for registering the same, together with a recording tacho- 
meter. 

Frame.—The castor frame is of wrought iron and is rectangular in 
shape. Its sides are of channel iron, 4 inches by 2 inches by } inch, and are 

fastened together at the end by wrought-iron plates, } inch thick and 
5 inches wide, bolted on at the top and bottom. The total length of the 
frame is 6 feet, and as the end plates have three sets of holes drilled in 
them, it can be arranged so that the sides are 10 inches, 14 inches, or 
18 inches apart, to suit the various widths of wheels to be experimented 
upon. 

‘ ale and springs.—The axle of the experimental wheel is mounted on 
springs, one under each side of the castor frame. The springs are 3 feet 
2 inches centres, and each consists of six plates 2} inches by 4°; inch. 
When light wheels and loads are used these springs are reduced to a 
suitable strength by the removal of some of the plates. If desired the 
axle can be mounted on the frame without springs. 

Loading.—The method of loading the frame is by bolting a series of 
28-lb. cast-iron weights to the channel-iron sides. These weights are 
each 2 inches thick, so that when the scroll irons for the springs do not 
interfere, fifty-two or so can be affixed, thus giving a load of 13 ewt., 
besides the weight of the frame and wheel. This would correspond to a 
load of about 3} tons on a four-wheeled vehicle. This arrangement of 
loading enables the weight to be varied by steps of 56 lb., the weights 
always being arranged at equal distances on either side of the centre, so 
that the frame will never be out of balance. 

Attachment of frame to car.—This frame is fixed to the levers which 
transmit the force to the water by a swivel joint, D, so that it is quite 
free to vibrate or bounce vertically as over rough ground ; and it can also 
follow the car freely round any curve without in any way affecting 
the records, but it is held so that the experimental wheel is always 
vertical. 

Levers.—The system of levers is so arranged that the frame can be 
raised or lowered to suit any diameter of wheel or any angle of draught 
without in any way altering the leverage of the mechanism. They may 
be described as follows. 

A pair of similar bell-crank levers is mounted on a fulcrum which is 
capable of being raised or lowered in a vertical slot formed in a steel 
casting mounted firmly on the back of the car. The distances from this 
fulerum to the ends of levers are respectively 14 inches and 28 inches, 
the longer arm being normally vertical, while the other is horizontal. To 
the shorter arm are attached two parallel vertical steel rods whose length 
is capable of adjustment. These rods serve to transmit the pull on the 
frame to one end of a small horizontal lever, the hydraulic plunger being 
at its other extremity. The fulcrum of this lever may be moved to either 
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of four positions such that the pressure on the plunger is equal to one, 
two, four, or eight times the pull exerted on the castor frame. By having 
this arrangement it is possible to use the apparatus through a very wide 
range of experiments, say for tractive efforts of from 5 to 500 Ib. 

Plunger.—The plunger E, which is 2-6 inches diameter, presses upon 
a rubber diaphragm enclosing a space filled with water, and it is the pres- 
sure exerted on this water that is autographically recorded. Two pipes 
are connected to the water space, one for transmitting the pressure to the 
gauge G (Plate V.), the other being used for filling the system. An ordi- 
nary rubber bulb off a motor horn is filled with water and connected to 
this latter pipe, so that when the bulb is squeezed by the hand the water 
is forced through the system, and out of a small hole in the end of the 
Bourdon tube. By this means all the air is expelled, and when sure that 
such is the case the system is closed and the water retained. 

Recording apparatus.—The recording apparatus was placed in the 
hands of Messrs. Schaffer and Budenburg, Ltd., Manchester, who have 
turned out a very good instrument. This apparatus is a combined re- 
cording pressure-gauge G and tachometer H (Plates IV. and V.) mounted 
on one base and recording on the same horizontal drum K, which carries 
a band of paper, LL, 85 inches wide, the graph of tractive effort-space 
being at one side of the paper, while that of velocity-space is at the other 
side. This drum is driven off the tachometer spindle, and its motion 
therefore is in accordance with the motion of the car, a length of 10-3 feet 
of the paper corresponding to a mile of road. The makers have worked 
out a very neat parallel motion, so that the ordinates of both graphs are 
straight. 

The instrument is mounted in a rain-proof glass case, supported on a 
pneumatic cushion, N (Plate IIT.), the drive to the drum and tachometer 
being through a flexible shaft. This arrangement has worked very well, 
fairly steady curves being obtained even over rough roads at high speeds. 
Stops are provided to prevent too great a movement of the levers, thus 
ensuring against undue shocks on the gauge. 

If found necessary an arrangement can be attached for marking seconds 
on the paper. 

A revolution counter is provided for obtaining independently the 
revolutions of the experimental wheel: this will act as a check on the 
record. 


XIV. Nature and Scope of the Evperiments by the Committee. 


Experiments will be conducted to determine the relation between the 
tractive effort and the following, viz., load, diameter of wheel, width and 
section of tyre, hardness of tyre (in the case of pneumatics), effect of 
springs, and velocity for every type of road under all circumstances, and 
any other relations that may be suggested during the progress of the 
work. 

In performing an experiment a given type of wheel is mounted 
in the frame and a run made over a piece of road of the desired type. 
Since the two graphs are side by side the relation between tractive 
force and velocity can be seen at every point of the run, and from those 
portions of the graph where the velocity is constant and of the required 
value, a mean tractive effort can be obtained. After a number of ex- 
periments have been performed, curves can be plotted and empirical 
formulz deduced for the various relations, 
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The relative value of the various roads are being compared by taking 
viagrams by means of a special instrument, the viagraph, kindly lent by 
the inventor, Mr, J. Brown, F.R.S., of Belfast. 


XV. The Work of the Committee presented at the Meeting. 


After a good deal of delay, due to various causes, the dynamometer 
was at length completed about August 20. It was then calibrated in the 
following manner. The car and dynamometer were placed on a smooth 
horizontal floor with a 40-inch lurry-wheel mounted in the frame. The 
car itself was prevented from moving backwards, and a given load was 
attached to a wire fixed to the wheel at the top and passing over the tyre, 
so that it hung vertically, thus tending to pull the frame away from the 
car. After a load was applied the apparatus was shaken to prevent it 
from sticking in any way, the paper meanwhile being uniformly moved 
until the pencil of the pressure-gauge had moved to its position of equili- 
brium. This was done with every reading. When the leverage of 8 to 1 
was being calibrated, increments of 2 lb. were used in almost every case 
from 0 to a total of 82 lb. For the 4-to-1 leverage increments of 14 lb, 
were taken, after 14 lb. had been reached, the highest reading being 
168 Ib, the 2-to-1 leverage had increments of 14 lb., the highest being 
280 lb., while the 1-to-1 leverage had increments of 28 lb. up to a total 
of 530 lb. Calibration curves were drawn for each leverage, and scales 
were drawn from these curves. Nine large wall-diagrams have been 
prepared for the meeting, the first being the calibration curve for the 
dynamometer when the 4-to-1 leverage was in use. 

The tachometer was calibrated by driving it with an electric motor. 
The exact time of three revolutions of the drum was taken by means of a 
stop-watch for readings of 10, 15, 20, 25, and 30 miles per hour on the 
scale (three revolutions of the drum correspond to 315 revolutions of tacho- 
meter spindle). The mean diameter of the back wheels of the car was 
taken as 842 mm. when the car was normally loaded and tyres normally 
inflated ; the diameter of pulley on back axle is 225 mm. ; diameter of 
tachometer pulley 75 mm. Working out the speed from these data, the 
calibration curve shown on wall-diagram No. 2 was obtained, thus show- 
ing that the scale readings are reliable. It might be argued that if the 
driving wheels of the car slipped on the road, the tachometer is really 
reading higher than it ought to do; but as readings are only used for 
which the velocity is constant very little slip may be expected ; and since 
it is not impossible for the driving belt of the tachometer to slip, thus giving 
too low a reading, it is not too much to assume that these errors will 
balance each other to some extent. 

The method of operating the dynamometer and performing a trial 
is as follows :—The castor frame is pushed towards the car, so that the 
ram is as far out of the cylinder as possible ; the bulb, having been 
previously filled with water, is squeezed by the hand, so that the water 
is forced through the cylinder, through the connecting tubing, and out 
through the opening in the end of the tube of the pressure-gauge. This 
method of filling ensures the removal of all air. When all the air has 
been removed the cocks at each end of the system are closed. The stops 
have now to be adjusted so that the maximum pressure of the water 
cannot exceed 100 lb. per square inch, or else the gauge might be 
destroyed. After the adjustments are satisfactory a run is made to 
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some definite point over a given piece of road whose surface is of the 
desired type, a return run being made over the same road back to the 
starting-point. By taking the mean values for the double journey, 
out and return, the effect of inclines is eliminated. The load is then 
increased and the route traversed again, and soon. For the first few 
experiments for a given load the speed was given a succession of values 
ranging from 6 to 14 miles an hour, all in the outward run, just 
remaining constant at each speed for a sufficient distance to give a 
definite reading on the paper, and during the return journey the speeds 
were gone through in the reverse order, so that as near as possible the 
same piece of road was traversed at the same pace in each direction, 
this procedure being repeated for each load. This was not found very 
satisfactory on the whole, so that for the succeeding experiments a given 
space was covered both on the outward and return journeys at a definite 
speed. The same journey was then traversed under a higher constant 
speed, and so on, until sufficient readings had been obtained to give a 
curve. This process was gone through for each load. This method, 
although slower than that tried at first, was found to give much more 
satisfactory results. As the dynamometer has only been completed 
such a short time, the trials are as yet only preliminary ; the general 
results, however, tend to confirm those of previous investigators. The 
diagrams to be shown at the meeting have not been reproduced here, it being 
thought unnecessary, as they will have to be all reproduced in the next 
report, by which time the striking results brought out by them, if duly 
confirmed, will by repeated experiment have been placed beyond question. 


Experiments. 


The first experiment was conducted near Sefton with an ordinary 
light lurry wheel, 40 inches diameter, having a 3-inch iron tyre, slightly 
rounded in section. This wheel was kindly lent by Messrs. T. Coleburn 
& Son, Cherry Lane, Walton, who have also promised to lend different 
sizes of wheels of a similar type for the experiments. 

The wheel was mounted on a pair of springs, 3 feet 2 inches centres, 
each having six plates 2} inches by ;°; inch. Three different runs were 
made with loads of 34, 54, and 85 cwt. respectively, with velocities 
ranging from 6 to 14 miles per hour. The results obtained, however, 
were not very satisfactory. 

The second series of experiments were made with the same wheel 
and springs as were used in the first series, viz., light lurry wheel, 
40 inches diameter, having 3-inch tyre slightly rounded in section, the 
springs each consisting of six plates 2} inches by ,°,; inch. The route was a 
portion of Regent Road, Bootle, which runs parallel to the line of docks, 
and is quite level. It is paved with setts, 6 inches by 3 inches, with a 
l-inch gap, and has a regular but fairly rough surface. Two runs were 
made with loads of 6 and 84 ewt. respectively, at speeds of from 5 to 14 
miles per hour. 

A wall-diagram will be exhibited showing the results of the series of 
experiments. For both joads the tractive effort increased rapidly with 
the velocity, and at the same time was fairly proportional to the load. 
A diagram showed the results plotted as tractive effort per ton. 

The third series of experiments were made with a pneumatic-tyred 
wheel 24 inches diameter, 23 inches tyre. The springs, 3 feet 2 inches 
centres, each consisted of two plates 2} inches by ,; inch, This trial 
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Fie. 2.—General view of Dynamometer, with observer in position. 
Pneumatic-tyre wheel in frame. 


Fic. 3.—Dynamometer. End view from back. 


Illustrating the Report on the Resistance of Road Vehicles to Traction. 


‘WOUND, 02 sxnyag poor fo sounysisary ay? uo yuodary oy? bunvgsnpyy 


‘JUIWINIYSUT SuLpod9ayy UOdN UMOP SULYOOT META —% “OI ‘JUSUINASUT SULpLovay—*T “OT 


TIA aivtg] [ZO6L ‘asvfjag ‘Quodasy pug), ‘wornid0ssp Ysipz14g 


- 


ON THE RESISTANCE OF ROAD VEHICLES TO TRACTION. 549 


was made on September 5 on a level stretch of macadam road passing 
through Ince Woods, rear Sefton. The surface was in fairly good 
condition, slightly wet in places. 

With these series of experiments a run Was made with a given load 
at a constant speed to a spot about 4 mile from the starting-point. The 
return run was made at the same speed. With the same load a higher 
speed was then taken, and so on, so that for each load readings were 
taken at about 65, 8, 10, and 14 miles per hour: This method of pro- 
cedure was followed for each load carried. The leverage used was 4 to 1, 
and the loads were respectively 315, 427, 539, and 651 lb: 

Wall-diagram No: 5 showed the tractive-effort-velocity curves for each 
load. It was noted that the tractive effort was directly proportional to 
the load, but increased very slightly with the velocity. This was what 
was observed by M. Michelin in his experiments. 

Wall-diagram No. 6 showed a curve plotted between tractive effort 
and load for the above. It being a straight line showed that the tractive 
effort was directly proportional to the load. 

Wall-diagram No. 7 gave the four curves of diagram No. 5 plotted 
as tractive effort per ton. 

A specimen of the graph was reproduced on a large scale as a wall- 
diagram to show the nature of the curve obtained. In the experiments 
which have been made as yet, only level roads have been tried ; and it 
was not possible on a level road, dragging the wheels behind, to experi- 
ment satisfactorily with speeds of more than 15 miles per hour with the 
present car. For higher readings than this experiments will be con- 
ducted on an incline of such a gradient that a positive reading is 
recorded on the dynamometer, so that to find the pull on the wheel for 
the velocity it is only necessary to add to thé registered pull the com- 
ponent of gravity parallel to the surface in question. By this means it 
will be possible to reach speeds up to 30 miles per hour. 


Behaviour of Apparatus. 


The behaviour of the apparatus is on the whole very satisfactory. 
The experimental wheel runs very steadily behind the car, even with 
heavy loads at high speeds.. The lurry wheel, however, runs better on 
setts than on macadam, as it oscillates sideways somewhat when passing 
over the latter at a high speed. The pneumatic-tyred wheel runs exceed- 
ingly steady over all roads at all speeds. 

The pneumatic cushion answers very well. It allows the instrument 
to swing gently from side to side in place of being subject to the violent 
vibration set up by the shaking of the car, due both to the engines and 
to rough roads. 

The results just given were all it was possible to obtain during the short 
time before the meeting that the apparatus has been available, but it is 
hoped that during the ensuing year reliable and valuable results may be 
obtained, although, of course, to get a complete series of results under 
all conditions must necessarily involve an immense amount of time and 
labour, as with so many variable quantities the changes could be rung on 
them ad infinitum. 

Plate VI. (figs. 1, 2,and 3) shows photographs of the dynamometer ready 
for use, Plate VII. (figs. 1 and 2) views of the recording instrument. 
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Small Screw Gauge.—Report of the Committee, consisting of Sir 
W. H. PREECE (Chairman), W. A. Price (Secretary), Lord KE.- 
vin, Sir F. J. BRaMwe.i, Sir H. Trueman Woop, Major-Gen. 
Wesser, Col. Watkin, Lieut.-Col. Crompron, A. Strom, A. LE 
Neve Foster, C. J. Hewirr, G. K. B. Expuinstons, E. Riae, 
C. V. Boys, J. MarsHaLt Gornam, O. P. Clements, W. Taytor, 
Dr. R. T. GLAzepRook, and Mark Barr, appointed to consider 
means by which Practical Effect can be given to the introduction of 
the Screw Gauge proposed by the Association in 1884. 


Tur Committee have received during the past year further evidence on 
the subject of the small screw gauge. 

Mr. Mark Barr has been elected a member of the Committee. 

The principal institutions of the engineering profession, viz.— 


The Institution of Civil Engineers ; 

The Institution of Mechanical Engineers ; 
The Iron and Steel Institute ; 

The Institute of Naval Architects ; and 
The Institution of Electrical Engineers— 


have formed a strong and important committee to consider the whole 
uestion of standardisation of engineering materials, tools, and machinery. 
t is being favourably supportéd by the Government. The question of 
screws must naturally come before them. The Committee propose to 
submit evidence to that committee of the work they have done, and they 
ask for reappointment for the ensuing year, with a grant of 5/. to cover 
posting and clerical work. 
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Anthropometric Investigations among the Native Troops of the Kgyptian © 
Arny.—Interim Report of the Comittee, consisting of Professor 
A. MAaca.isTer (Chairman), Dr. C. S. Myers (Secretary), Sit 
JOHN Evans, and Professor D. J. CUNNINGHAM. 


Tur Committee have to report that owing to the pressure of other work 
since his return to England Dr. Myers has not: yet been able to summarise 
the results of the anthropometric work in Egypt and in the Soudan upon 
which he was engaged last winter. In the present statement only a brief 
description has been given of the material which he has collected and of 
the means by which it was obtained. The expenses of the research were 
in part defrayed by the Government Grant Committee of the Royal 
Society and by the British Association for the Advancement of Science. 
The best thanks of the Committee are due to the Sirdar of the Egyptian 
Army, Sir F. R. Wingate, K.C.B., &c., and to many of his officers for 
their great interest and their unfailing assistance to Dr. Myers in his work. 

The investigations were confined to the privates and non-commissioned 
officers of the Egyptian Army. By the kind permission of the Sirdar, 
Dr. Myers examined 1,005 men in the Egyptian battalion quartered at 
Cairo, and 189 men in the Soudanese battalions at Khartoum and 
Omdurman. The following measurements were taken :— 
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Height (1) sitting, (2) standing, (3) kneeling ; height above the ground 
of (4) ear-hole, (5) chin, (6) acromion, (7) elbow, (8) wrist, (9) trochanter, 
(10) knee, and (11) ankle ; maximum (12) breadth and (13) length of 
head ; (14) upper and (15) total length of face ; (16) bimalar, (17) bi- 
zygomatic, (18) biauricular, and (19) bigonial breadth ; (20) width of 
mouth ; (21) minimum frontal breadth ; (22) external biorbital, (25) 
external biocular, and (24) internal biocular breadth. Nasal (25) breadth 
and (26) length ; (27) orbito-nasal and (28) biauricular ares ; (29) hori- 
zontal circumference of head ; length of radius from the ear-hole to the 
(30) vertex, (31) forehead, (32) nose-root, (33) upper incisors, (34) chin, 
and (35). occiput ; (36) biacromial and (37) bitrochanteric breadth. Cir- 
cumference of chest during (38) expiration and (39) inspiration ; (40) 
maximum and (41) minimum circumference of calf ; (42) maximum and 
(43) minimum circumference of arm ; (44) span of arms. About sixteen 
of these measurements were made on each individual. In all more than 
seventeen thousand measurements were collected. 


Dr. Myers took photographs of 176 Egyptian and 31 Soudanese 
soldiers bare to the waist ; two photographs, one full-face, the other 
profile, were taken of each individual. Care was taken that the heads 
should preserve a constant distance from the camera ; in this way he has 
obtained results which may be of use for composite portraiture. 

The colour of the skin and eyes, the colour and texture of the hair, 
were always noted. He also made numerous observations on the relative 
degrees of developmient of the helix, antihelix, tragus, lobe, &c., of the 
Egyptian and Soudanese ear. He recorded the general shape of the face, 
and of the head when viewed from above, from behind, and from the side ; 
also of the lips, nostrils, nose, and eyes. He has made copies and a few 
photographs of the tattoo-marks on the arms and foreheads of the Egyp- 
tian soldiers and of the scarifications on the faces of the Soudanese. In 
each case he has carefully noted the village, district, and tribe to which 
the individual under examination and his parents belonged. 

In Egypt Dr. Myers examined 27 men whose parents were born in the 
province of Qaliubia, 22 in that of Shargia, 120 in that of Daqahlia, 138 
in that of Gharbia, 118 in that of Menufia, 61 in that of Beheira, 56 in 
that of Giza, 41 in that of Fayum, 31 in that of Beni-Suef, 42 in that of 
Minia, 89 in that of Assiut, 103 in that of Girga, 60 in that of Qena, and 
3 in that of Assuan. These included 44 Copts ; the remainder were 
Mahommedans. Eight others came from Alexandria. Seventy-seven 
were of mixed origin, having Soudanese, Bedawi, or Turkish blood, or 
being the offspring of parents who came from different provinces of 
Egypt. 

In the Soudan he had the opportunity of measuring soldiers drawn 
from a very wide region of Africa, extending westwards as far as Bornu 
and Baia, and southwards to Uganda. The greater number belonged to 
Kordofan, to Dar-fur, Dar-nuba, or Dar-fertit, or to the Shilluk or 
Dinka tribes. Many had never known the names of their parents’ tribes. 
Others came from the districts of Bagirmi, Dar-runga, Banda, Bongo, 
Burun, Berta, or belonged to the Niam-niam, Nuer, Hamegawi, Digawi 
tribes, &c. A few ‘Arabs’ of the Soudan and eastern desert were also 
measured. 

It remains to be seen how far the photographic, descriptive, and anthro- 
pometric data thus amassed will prove of use for determining whether 
definite differences of type exist among the Egyptians from various regions 
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of the Nile valley and among the tribes of the Soudan ; also whether the 
Coptic (pre-Mahommedan) people noticeably differ from the general 
Moslem population of Egypt. Before publishing the results of this 
inquiry the permission of the Sirdar has to be obtained. The material 
collected will supply the necessary data to permit of the preparation of 
a report on the physical efficiency of the Egyptian Army. 


Pigmentation Survey of the School Children of Scotland.—Report of the 
Committee, consisting of Mr. HK. W. Brasroox (Chairman), Mr, 
J. Gray (Secretary), Dr. A. C. Happon, Professor A. MacaLisTER, 
Professor D. J. CunntncHaM, Mr. J. F. Tocuér, Dr. W. H. R. 
Rivers. (Drawn up by the Secretary.) 


‘THE progress made with the organisation of this survey during the past 
year has not been great, chiefly because it was doubtful whether the funds 
required to pay the cost of collecting the statistics could be obtained. The 
Scottish Ethnographic Committee, with which this Committee is co- 
operating, have, however, quite recently obtained the necessary funds, 
and steps are being taken to secure the co-operation of the school 
teachers, whose assistance is indispensable in carrying out the survey. 
An application for co-operation has been made to the Secretary of the 
Educational Institute of Scotland, and a very favourable reply has beer 
received. Applications will also be made to all the local comimittees of 
that Institute and, where necessary, to individual teachers. 

Forms are being drafted, and when they have been revised and 
passed by the Committee they will be sent out to all schools, probably 
about the end of this year, the time of issue being as far as possible fixed 
co suit the convenience of the teachers. 

For the purpose of this survey it is intended to follow, as far as 
possible, the natural subdivision of the country into river basins, as it is 
well known that watersheds, when they form mountain ranges, even of 
moderate size, act as racial barriers. If the ordinary subdivision into 
counties were adopted, we should have in many cases to include popu- 
lations with quite different characteristics in the same subdivision, and 
valuable ethnic distinctions would be lost in taking an average. Each 
river basin is to be subdivided into districts containing about 3,000 
school children, except in the case of towns having a larger number than 
this, which will be treated as single districts. 

The Clyde basin, which is the most populous in Scotland, has already 
been subdivided in this manner into twenty-two districts. The Clyde 
basin contains about one-third of the total number of school children in 
Scotland. The subdivision of the rest of Scotland is being proceeded witk, 
and will soon be completed. 

Each district will be numbered, and the forms sent to schools in each 
district will be stamped with its number. When all the filled-up forms 
for a district have been returned, the average for each colour of hair and 
of eyes for that district will be calculated, and the averages thus obtained 
will be marked on maps in their proper locality and used as density points 
for drawing contour lines of pigmentation. 

The Committee ask to be reappointed, and as a considerable amount 
of actuarial work is involved in working up the statistics after they have 
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been collected, the Committee recommend that a small grant be made to 
cover the cost of this work, so that it may be possible to present a satis- 
factory report to the British Association. 


Ethnological Survey of Canada.—Report of the Committee, consisting 
of Professor D. P. PENHALLOW (Chairman), Mr. C. Hitu-Tour 
(Secretary), Mr. E. W. Brasroox, Dr. A. C. Happon, Mr. 
E. S. Hartruanp, Professor E. B. Tytor, Sir Joan Bovurrnor, 
Mr, B. Suite, Mr. Davin Boyue, Mr. C. N. BE, Professor 
JoHn Mavor, Mr. C. F. Hunter, Dr. W. F. Ganona, and Rev. 
JOHN CAMPBELL. 


In our last report attention was directed to the efforts being made to enlist 
the co-operation of the various provincial Governments in the work of this 
Committee with a view of putting it upon a more permanent basis. At 
the Toronto Meeting of the Royal Society of Canada, held on May 27, 
the Council, in submitting its report, made a lengthy reference to our 
work, and pointed to the great necessity of having it prosecuted with 
vigour while material is available. A joint committee from Sections 
2 and 4 was appointed to take the matter into consideration, with the 
result that the Society unanimously adopted the following resolution :— 


‘Resolved, that Hon. J. W. Longley, Sir James Grant, Dr. T. J. W. 
Burgess, Rev. John Campbell, Dr. George Bryce, Mr. Wilfrid Campbell, 
and Professor D. P. Penhallow, Chairman, as Chairman of the British 
Association Committee on an Ethnological Survey, be appointed a stand- 
ing Committee to co-operate with the British Association Committee on 
an Ethnological Survey, and that they be empowered to take such steps 
as may be necessary to secure from the various provincial Governments, 
as also from the Dominion Government, the adoption of legislation 
relative to the establishment of national and provincial museums of 
ethnology, and the organisation of a permanent Ethnological Survey of 
the entire Dominion.’ 


The Ontario Government has already taken the initiative in such 
work, and it is believed that the admirable beginnings already made by 
Mr. David Boyle in the Archeological Museum connected with the De- 
partment of Education may serve as an incentive to similar efforts in 
other provinces. 

The plan now before the Committee of the Royal Society of Canada 
will be prosecuted with vigour. It is substantially the one which the 
British Association Committee has had under consideration for some time, 
but which they have not been able to carry into effect. It contemplates 
the formation of a strong central committee as a nucleus within the British 
Association Committee. This central committee will control all matters 
relating to the direction and organisation of research and the distribution 
of funds. In return for financial support it will secure to the several 
provinces such ethnological material as may specifically relate to each, 
reserving any duplicates for exchange and for deposit in the British 
Museum or such other suitable place as may be selected. 

Mr. Hill-Tout has continued to carry on his investigations among the 
Salish of British Columbia under greater difficulties than usual during 
* 1902. AA 
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the past year. Two of the three tribes which he has at present under 
observation were quarantined on account of an outbreak of small-pox 
among them just at the season when it was most convenient for him to be 
examining them. This and the shortness of the funds with which he was 
provided to prosecute the work have proved most serious obstacles to the 
completion of his report appended, and which is to be taken as a ‘ report 
of progress’ only. The work has been carried out on similar lines to those 
followed last year, and much labour and care have been given ungrudg- 
ingly to it. His studies have been directed in particular to the Nu‘tsak, 
the Ma’gqui, and the Siciatl. Those last are a coast people differing in 
speech and in many of their old customs from the contiguous Salish bands. 
The study of their dialect promises to add to our knowledge of the Salish 
tongue, and to reveal many interesting grammatical features. Within 
their boundaries they have also peculiar archeological remains in the form 
of stone enclosures, an account and full description of which will be found 
in the report appended hereto, Their customs and folk-lore will also be 
found interesting in their bearing on the question of totemism. It is 
encouraging to report that the Government of British Columbia has re- 
cognised the value and importance of Mr. Hill-Tout’s work, and has this 
year assisted him by a grant of $150 towards his field expenses. 

The Archeological Reports for Ontario, by Mr. David Boyle, give an 
excellent indication of what is being accomplished by independent effort 
along the lines which this Committee is designed to encourage. From 
the Report for 1900-1901 it would appear that the museum contains up- 
wards of twenty-two thousand specimens illustrative chiefly of American 
archeology and ethnology, and of these by far the greater number are from 
the Province of Ontario. The accessions during the year 1901 numbered 
959, and Mr. Boyle observes that the large increase in correspondence seems 
to indicate a growing interest in archeological and ethnological studies. 

The Report for 1900 contains the following contributions ;— 


1. Notes on Museum specimens. By Mr. D. Boyle, 

2. The Flint-workers: A Forgotten People. By Very Rev. Wm, R. 
Harris. 

3. Indian Village Sites in the Counties of Oxford and Waterloo. By 
J. M. Wintemberg. 

4, Bibliography of the Archeology of Dabatio, By Mr. A. F, Hunter 
(noticed in our previous report). 


The Report for 1901 contains :— 


1. Notes on Museum Specimens. By Mr. D. Boyle. 
2. A Supposed Aboriginal Fish-weir near Drumbo. By W. J. Win- 
temberg. 
. Indian Occupation in Nissouri. By L. D. Brown. 
. Animal Remains on Indian Village Sites. By Dr. Wm. Brodie. 
. Wampum Records of the Ottawas. By A. F. Hunter. 
. Noteson Huron Villages in Medonte, Simcoe Co. By A. F. Hunter, 
. Notes on North Victoria Village Sites. By Lt. G. E. Laidlaw. 
. Notes on Canadian Pottery. By F. W. Waugh. 
The Paganism of the Iroquois of Ontario. By D. Boyle. 


oo 
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The Committee ask to be continued, with a grant of 50/., and they 
also recommend the appointment of Rev. Father Monies, Rev. Father 
A. G. Morice, and Mr. J. L. Myres as additional members. 
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Ethnological Studies of the Mainland Halkimé'lem, a division of the 
Salish of British Columbia. Sy Cuas. Hiuu-Toovr. 


The following notes are a summary of the writer’s studies of the 
Lower Fraser Indians. They deal chiefly with tke Tcil’gé'uk and 
Kwa’ntlen tribes. The Indians inhabiting the Lower Fraser district 
comprise in all some fourteen or fifteen separate tribes, an enumeration 
of which was given by Dr. F. Boas in his Report on the Physical 
Characteristics of the North-West Tribes.'_ They occupy the shores of 
the estuary, extending up the river as far as Spuzzum, which forms the 
dividing-line between them and the N’tlaka’pamug beyond. Collectively 
they are known to themselves as the Halkomeé'len or Henkomé’nem people. 
By this convenient term I shall speak of them hereafter. The name, 
according to my informants, signifies ‘those whe speak the same 
language.’ This division of the Salish is not confined to the Mainland. 
An important branch of it is found on Vancouver Island, over against 
the estuary. The speech of both branches, although exhibiting interest- 
ing dialectical differences, is mutually intelligible. The Halkomé’lem 
tribes occupy a larger and more scattered territory than any other of 
the Salish divisions of British Columbia, the distance between the most 
eastern and the most western tribes being upwards of 200 miles. When 
it is remembered that the speech of the Salish tribes which border upon 
them on every side is so strange and different as to be quite unintelligible 
to the Halkomé’lem people, the practical homogeneity of their own speech, 
despite the fact of their widely scattered territories, has a significance we 
cannot afford to overlook. It assuredly reveals to us, as plainly as the 
unwritten past can be revealed, that they cannot have occupied their 
present territories for any considerable time. The intercourse between 
the different tribes, as far as can be gathered from themselves, was never 
very free or extended, the nature of the country forbidding this. Con- 
sequently we should find vastly greater divergence in the speech of the 
upper and lower, the Mainland and Island, tribes than is the case if they 
had been settled for any great length of time in their present quarters. 
While the Salish language as a whole, with its dozens of dialects and 
scores of sub-dialects, displays such capacity for dialectical variation as 
it does, we can hardly believe that the same tendency to change is absent 
from the Halkomé’lem speech. We may safely conclude, therefore, that 
the Halkomé/lem tribes are comparative late-comers in the territories 
they now occupy. All lines of available evidence tend to confirm this 
view.2, Whether the Island or the Mainland tribes constitute the parent 
branch, or whether the Island or the Mainland was the earlier home of 
the division, cannot now be determined. This, and the kindred question 
of the original home of the whole undivided Salish stock, will be dealt 
with later, when our investigations have covered the whole field of inquiry. 


The Teil aé'uk. 
Ethnography. 
The Tcil’Qé’uk have greatly decreased in number during the past two 


generations, though they do not appear to have ever been a populous tribe, 
even in the old days. As at present constituted the tribe is subdivided 


1 Ninth Report Brit. Assoc., 1894. 
2 See the evidence on this head under ‘ Archeology ’ below. 
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into eight separate groups or village communities, which together number 
about fifty adult males. The names of these villages and their respective 
chiefs, as given to me by ‘Captain’ John, sid’m of Stwa'le, are as 
follows :—- 


Villages. Chiefs. Number of adult males, 
1. Sqgai Mo’'tes 9 
. Sgaid'lo Klaca lem 4 
3. A'tsElits Swait's 2 
4, Skauke’l Qatéeki'eta 9 
5. Yukikwéu’s Qité’selta af 
6, Tcia’ktn'l a= 8 
7. C’la'lki Wéei'sEluk 1 
8. Siwa’lé Swa’/lEs 12 


In earlier days the tribe was less scattered than at present, and had 
its settlements on the upper reaches of the Chilliwack River, contiguous 
to Suwa/lé, the former headquarters of the tribe. I obtained from 
‘Captain’ John the names of these old settlements. They are :— 


Siwa’lé =‘ melting away’; so called because the people here once died in 
great numbers. 

Skwea/léts =‘ coming in of the water.’ 

St’lep =‘home.country’; so called because here, on a level stretch of land 
lying between the forks of the river, the old long communal houses of 
the tribe were situated. 

(altelite, from gacal =‘ back’; so called because the settlement was on the 
edge or ‘ back’ of a slough. 

Qé-qai’’i =‘ maggot-fly’; so called because of the number of maggot-flies 
found there in the summer, 


These settlements constituted the original home of the Tcil’Qéuk, 
according to the traditions of the tribe. They have no record of any 
other ancestral home. In their own words, they ‘have always dwelt 
there, looking on the same sky and the same mountains.’ According to 
one of their myths, they dwelt here before the Chilliwack River sprang 
from the mountains. This river rises in a mountain lake known locally 
as ‘Cultus’ Lake, but called by the Indians themselves Swi'eltea ; and 
its formation is said to have come about in the following manner, In 
the olden days there lived a youth who frequented this lake. Its shores 
were his training-ground. One day he came to the village and said he 
had learned in a dream (dé/ia) how to make water run. The people 
laughed and jeered at him. Said he to them: ‘To show you that I can 
do as I say I will make the water of the lake run by the village before 
the sun sets.’ With that he started for the lake. A little later he 
appeared in the village again. ‘Look out now,’ he cried ; ‘ the water will 
soon be here.’ Presently a small stream of water was seen descending 
the slope. Ina short time this increased to a rushing torrent, which, as 
there was no bed for it to run in, divided and ran in‘several directions, 
cutting out in its course the different channels or arms through which 
the water now flows before uniting in the one stream. It is quite pos- 
sible this myth or tradition has some foundation in fact. The waters of 
the river are clearly the overflow of the lake. This overflow may have 
formerly had some other outlet, which for some reason or other failed to 
do its work, and a new outlet became necessary. While none of the 
Tcil’gé’uk Indians entertain any doubt about the truth of this tradition, 
the younger and more intelligent of them believe that the youth of the 
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story in his wanderings round the lake discovered some weak spot in its 
margin overlooking the slope occupied by the tribe, which required but 
a little assistance from him to become an outlet for the lake’s overflow. 
They do not believe any longer in the ‘magic’ part of it. They are, 
indeed, now generally very sceptical of the marvellous feats and wonder- 
working powers of their old-time shamans, as recorded in the tribal myths 
and traditions. Thus we see the disintegrating forces introduced by our 
advent at work here, as in other sides of their life and character. 


Sociology. 


In their social organisation and customs the Tcil’é’uk differ in some 
interesting respects from the neighbouring Halkome'lem tribes. This 
may be possibly due to the fact that the Tcil’gé/uk are not true members 
of the Halkdmé’lem division, though they now speak its tongue. They 
have a tradition among them that up to a century ago they spoke a 
different language. What this was even their old men could not remem- 
ber. ‘Captain’ John gave me a few words which he said belonged to 
the old language. These are all true Salish terms, though non- 
Halkomé/lem. He also told me that an old man of their tribe lived 
among the Nootsak Indians, to the south of the International Boundary 
Line, who knew the old tongue. I paid a special visit to this settlement 
to see this old man, but failed to find him. I fear he is dead, as I could 
hear nothing of him. I learnt, however, that the Nootsak speech is 
closely allied to the Sk-qo/mic. The tribe is much broken down. It is 
now formed of members of several originally different tribes, only about 
a half-dozen true male Nootsak Indians being alive. 

The Tcil’9é’uk were more communistic in their mode of life than any 
tribe I have treated of heretofore. The people were divided into the 
usual threefold division of chiefs, notables, and base folk. The chieftaincy 
or headship of the tribe was practically hereditary ; though the people 
could depose their chief and elect another in his place if they were dis- 
satisfied with his supervision of the tribe, or his conduct was such as to 
make him a bad director. I say director, rather than ruler, because the 
sia’ms of the Salish were rarely, if ever, rulers in the ordinary sense of the 
word, They were rather overseers or fathers of the tribe, the sia’m com- 
bining in himself the character and functions of a common father and a 
high-priest ; the office, indeed, being more sacerdotal than imperial. He 
it was who always led and directed the prayers of the community and 
conducted all their religious observances. To this day he leads them in 
their responses and conducts the service in their churches when their 
white minister or instructor is absent. Apparently the deposition of a 
chief was an extremely rare occurrence. This may possibly have been 
because the occupants of the office fully realised its dignity and its privi- 
leges, and had no desire to forfeit them ; but I am disposed to think it 
was more because they were usually genuinely impressed with the 
responsibility and duties of their position, and strove earnestly to fulfil 
them. At any rate, we hear very rarely of a bad or neglectful chief. 
The Tcil’gé’uk traditions record but one such. A deposed chief would be 
succeeded by his son, or brother, or cousin ; so that the chieftaincy would 
rarely pass out of the family or caste of the chief. I inquired among the 
Tcil’g@’uk what conduct on the part of a chief would bring about his 
deposition ; and was told that selfishness, or meanness, or neglect of the 
material welfare of the tribe would assuredly do so. I further inquired 
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what course would be taken to depose him. They replied : The elders and 
chief men of the tribe would meet together and discuss the matter, and 
then the chief would be told that he was no longer sia’m ; that his son, or 
his brother, or his cousin had been appointed in his place. The deposed 
chief would quietly acquiesce in the decision and the new chief would 
take his place ; and that would be the end of the matter. From this it 
is clear that although the office of sia/m was practically hereditary, and 
generally descended from father to son, the chief held his position really 
on sufferance and with the common consent of the elders and nobles of the 
tribe. Apparently, among those Salish tribes which are subdivided into 
village communities there is always one chief of more importance than 
the rest. He is lord-paramount. It was so among the N’tlaka’pamua, 
the Kwa'ntlen, the Sk-Q0’mic and the Tcil’gé’uk. Among the latter he is 
called Yuw'el Sid’m, which signifies ‘the first-going chief.’ 

The prime duty of a Tcil’g@uk sié’m was the care and order of the 
village or community. His chief thought was given to that, and he was 
deemed responsible for the common welfare and comfort of the tribe. He 
directed all undertakings in the common interest, and appointed the 
times for salmon-fishing, root-digging, and berry-picking. A popular chief 
was one who was generous, liberal, and kind-hearted, and looked well after 
the material comforts of the tribe. Rarely, if ever, did the sid/m act in 
a military capacity. The sta’mig, or war-chief, was generally chosen from 
among the fighting-men of the tribe on account of his superior prowess or 
skill in warfare. There was no regular warrior class. Such members of 
the tribe only as were fond of fighting ever went out to battle, except in 
such cases as when their settlements or homes were attacked. Then all 
the men, and sometimes the women too, took part. But this was a rare 
occurrence. Their traditions speak of quarrels and contests with their 
neighbours, the Pila/tlq. These arose generally on account of one tribe 
overrunning the hunting-grounds of the other. Apparently the Tcil’9é’uk 
were mostly to blame in this respect, often overstepping the boundaries 
between them and the Pila'tlq and hunting in the latter’s territories. 
Sometimes a body of warriors would descend the Fraser, harry some of 
the lower settlements, and bring back a number of captives. These they 
would sell as slaves to the more timid or less adventurous of the tribe, and 
thus enrich themselves. The sid’m would usually discountenance these 
forays ; but, as in every other tribe, there were also among the Tcil’géuk 
some restless, venturesome spirits, and these would from time to time 
persuade others less warlike than themselves to join them, by tempting 
them with visions and promises of the rich spoils they would secure and 
bring home. Sometimes these war-parties were never heard of again, 
being ambushed and slain by the way. 

I could learn little concerning secret societies or brotherhoods, though 
some such apparently formerly existed among them, the brotherhood of 
the Sqov/agi being the most noted. There were also, seemingly, fraterni- 
ties which possessed peculiar dances ; but the whole subject is very obscure 
and its particulars difficult to gather among the Tcil’gé’uk. In common 
with the other Salish tribes the Tcil’Qé’uk indulged in religious and social 
dances. They observed, too, the Feasts of First-fruits, which were con- 
ducted much as described by me in my notes on the N’tlaka’pamug in the 
Third Report of the Committee. These religious feasts seem to have been 
observed by all the Halkomé’lum tribes, as I find them among the upper 
and the lower tribes of the river. 
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The ‘ potlatch,’ Mortuary, Naming, and other feasts were held in esteem 
by the Tcil’gé'uk as by other of the Salish tribes, though all have been 
reluctantly given up as a general thing for some years past. Occasionally 
someone with a large house will be induced to give a dance, I was in- 
formed. ‘This will be conducted partly on native lines and partly on the 
lines of the white man’s dance ; but all such gatherings are discoun- 
tenanced by the Indian authorities and by the missionaries, and occur 
now but rarely. 

The lines between the three social divisions of the Tcil’g9é’uk were less 
rigid than those between some of the coast tribes; at least, that is, 
between the notabilities and the common people. The chief’s caste was a 
class apart. Only those connected by consanguineal ties could belong to 
this caste, the head of which was always the yiw’el svd’m, who always 
bore the personal name or title of sza/lzs in addition to his other indi- 
vidual names ; and his daughters were always called swda/lusd'nt. I was 
unable to learn the signification of these terms, other than that ‘swa’lss’ 
signified ‘getting rich. A noble or headman among the Tcil’gQéuk was 
such by his wealth and intelligence and by the consent of his fellow- 
tribesmen. Any man, other than a slave, could win such a position for 
himself by the acquisition of wealth and by a generous and discreet 
distribution of the same. The common people, other than the slaves, were 
such because they were lazy, thriftless, unambitious, or incapable of rising 
in the social scale. As I observed at the outset, the Tcil’gé’uk were more 
communistic than their neighbours ; they held their possessions more in 
common. Thus, for example, they eat together as one family. The chief 
would call upon a certain individual each day to provide the meals for all 
the others, everyone, more or less, thus taking it in turn to discharge 
this social duty. The sick and old he would make the charge of those 
who were best able to take care of them. Thus all were provided for and 
none left in want. It must not be supposed, however, that all fared 
alike. Under such a rule there would be no incentive for any individual 
to lay in a good store of choice food, and the lazy and thriftless would reap 
the benefits of the toil and foresight of the industrious and careful. In 
each family the food-stores were always divided into three portions, and 
packed away separately on the shelves over the beds. At the back, where 
it was most protected from injury, dust, and smoke, was placed the 
choicest portion. This was intended for the sii’m, who was entitled by 
his office to the best of everything. In the middle was placed the second 
best portion. This was for the owner and his friends, and others of his 
social rank. On the outside was stored away all the inferior food. This 
was for the common folk. Thus, by this division of their supplies, though 
their meals were communistic, there was given no encouragement to 
thriftlessness or indolence. This singular mixture of communism and 
privilege is an extremely interesting feature of the social life of the 
Tecil’géuk. It seems, moreover, peculiar to them, as I have not found it 
elsewhere. ‘ 

The tribe was originally endogamous ; but later, closer contact with 
the neighbouring tribes made a strict observance of this rule impolitic, 
and led to the taking of wives from other communities. Polygamy was 
common among the Tcil’gé’uk, a man having sometimes as many as ten 
wives. The number of a man’s wives was ordered, as a rule, partly by his 
inclinations and partly by his ability to support them. Like most of the 
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other tribes, they kept slaves, the wealthy possessing several of both 
sexes. These were generally captives taken in warfare or in some foray 
on some distant settlement. 


Dwellings. 


The permanent habitation of the Tcil’9é’uk was, as I have said, the 
communal ‘ long-house.’ The adoption of this style of dwelling, I learnt, 
was primarily for purposes of mutual protection and defence in cases of 
attack. It can readily be seen that such houses would be imperatively 
needful where the community was small, the number of males limited, 
and the tribe surrounded by hostile and predatory bands. Later, when 
this need was no longer felt, custom and a recognition of the social 
advantages of such a structure would operate to perpetuate this mode of 
building. I think there can be but little doubt that these dwellings, first 
erected for mutual safety and protection, have profoundly affected the 
social life and customs of the Indians using them. The communism of 
the Halkomé’lzm and coast Salish tribes doubtless grew out of it ; like- 
wise their character dances, which are invariably performed during the 
winter days and evenings in these long common houses, 

The long-house of the Tcil’9é’uk was of the half-gable or single slope 
pattern, the front or higher side rising to 25 or 30 feet. The interior 
was equally divided between the different families of the tribe. Each 
family was entitled to a space 8 tales! square. When the tribe was 
populous these houses would extend in an unbroken line for several 
hundred feet. The chief always occupied the centre. In this custom we 
nave plain evidence of the truth of the statement made to me by the 
Indians, that they adopted this style of house primarily for protective 
purposes. The chief—the father and head of the tribe—whose loss would 
be most severely felt, is always lodged in the securest portion of the 
structure. On either side of him dwell his brothers, the elder ones coming 
first. After them come the lesser chiefs and notables, and beyond these 
again the common folk. There were commonly but two doors to these 
dwellings—one at each end. In the interior, the spaces allotted to family 
use were separated by hanging mats or screens of grass or reeds. On 
festive occasions these were taken down and the divisions thrown into 
one. The beds were formed by reed mats laid one upon another, the 
head-rests or pillows being rolls of the same. The coverings of the meaner 
class were of the same material; the wealthier supplemented these 
by dressed skins and blankets made from the wool of the mountain 
goat. 

The ‘ keekwilee,’ or underground winter-house, was also occasionally 
used by some of the Tcil’Qé’uk, and known to them by the term skzm’zl. 
Ld'lem is the name by which the long-house was known ; which, to judge 
by the /am ef the Sk-qd’mic and other tribes, is the collective form of the 
term. 

The household utensils of the Tcil’9é’uk did not differ, except in size, 
from those used by their congeners elsewhere. These consisted of various 
forms of basketry, always made, as among the N’tlaka’pamua, from the 
split roots of young cedar-trees ; wooden bowls, dishes, platters, and spoons. 
As their meals were of the communistic order, large receptacles were a 


1 A tale was the length of the interval or space between the outstretched arms 
of a man, measured across his chest from the tip of the middle finger on one hand to 
the corresponding point on the other. 
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necessity. Consequently we find these utensils habitually formed on a 
larger scale among the Tcil’gé’uk than among the other tribes. They 
had enormous cedar troughs, 10 or more feet long and 2 or 3 feet wide, 
called skzwe'lstzl ; big maple dishes, called kamo'molp Id'tsel. Besides 
these were the ordinary hék'/d/tsel, or big platter ; and the meme Id’tsel, 
or small platter ; the qsi’zazlr, or wooden dipper or spoon, and the g@'/6, or 
horn-spoon. 


Dress, 


The dress of the Tcil’Qé’uk was similar to that of the contiguous Salish 
tribes described by me in former reports. 


Shamanism. 


Shamanism was prevalent among the Tcil’Qé’uk, and exercised a perva- 
sive and paramount influence in their lives. The shamans were of three 
classes : the saélda’m, or doctor, the term signifying ‘to heal or make well’ ; 
the o'lia, or soothsayer, from w'lia, ‘to dream’ ; and the yew’wa, or witch, 
or sorcerer, from yew’wa, ‘to bewitch or enchant.’ The last was of either 
sex ; the others were invariably men. The office of the sazla’m, despite 
his title of ‘ healer,’ was not to attend to or cure wounds or such bodily 
injuries ; that was one of the functions of the o'Jia. There is great sig- 
nificance in this fact. An external wound or injury was a matter of 
comparatively simple import; there was nothing mysterious about it. 
It was the natural result of a known and comprehended cause. The 
functions of the sazld’m were rather to restore health and vigour to the 
body when prostrate or suffering from some inward sickness or malady, 
as when under the supposed influence of some spell or enchantment. He 
was pre-eminently the ‘pathologist’ of the tribe. Pathological conditions 
among the Tcil’gé’uk, as among other primitive peoples, were regarded as 
the result of maleficent and mysterious agencies, which could only be 
controlled or counteracted by incantations and rites performed by one 
versed in the ‘mysteries,’ as a sQela’m. He alone had power to restore 
a lost soul or spirit, which, according to their belief, might leave the 
body, thereby causing sickness and fainting, and, if not restored in time, 
death ; or drive out a disease caused by a magic spell or by witchcraft. 
To effect the former he would go apart by himself, crouch down, and cover 
his head and shoulders with a mat, and permit himself to pass into a 
trance state, when his soul, it is said, would leave his body and go in 
search of that of the patient. All the conceptions of the after-life of the 
Indians are derived from the descriptions given by the sqrla’m of these 
visits to the spirit-world. They are, consequently, rarely uniform or con- 
sistent. To effect the latter he beats a stick or board, and sings and 
dances round the patient. To acquire these powers he usually underwent 
a long and secluded training in some lonely spot in the forest or on the 
margin of some lake. This training consisted in prolonged fasts, trances, 
body washings and exercises, accompanied by invocations of the Mysteries. 
His ‘ medicine,’ or ‘ power,’ it is believed, was bestowed upon him by his 
guiding spirit or spirits, who appear to him and instruct him in dreams 
and visions. Another of his functions was to conduct the mortuary sacri- 
fices. He is, par excellence, the ‘Master of the Mysteries.’ 

Not only the shamans, but every other Indian, had one or more guiding 
or protecting ‘spirits.’ Their belief in these and their general belief in the 
‘mysteries’ are based upon their philosophic conceptions, if such they can 
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be called, of existence and the universe. In common with other primitive 
races, they people their environment with sentient beings and agencies of 
beneficent and maleficent character, mostly of the latter. Out of this con- 
ception spring their belief in, and their seeking by special means, personal 
guiding and protecting ‘spirits,’ or ‘potencies’ ; which are akin to, but 
not identical with, the ‘Manatous’ of the plain Indians. Nature to 
them is full of ‘mysteries’; and their perception of its laws is to endow 
every object and agency in their environment with conscious power and 
being. Surrounded thus by Potencies and Mysteries, capricious in 
action and generally malevolent in character, liable at any moment to be 
made their victims or prey, there was a vital need of a protecting ‘influ- 
ence’ or ‘spirit’ in their lives. This ‘guide,’ ‘ protector,’ ‘influence,’ 
‘power,’ ‘charm’—for it partakes of the character of all these—the 
Teil’Qé’uk call by the name of sw’lia or so/lia. This is the abstract or 
nominal form of the verb w'lia, ‘to dream.’ It is thus called because 
these ‘potencies’ come to and communicate with them in dreams or 
visions. A person’s su//ia might be apparently anything—bird, beast, 
fish, object, or element. There was apparently no limitation, provided 
only that it came to him in a dream or vision. This is a fact of special 
significance, clearly showing that every object in Nature, animate or inani- 
mate, possessed for them active and sentient powers and qualities. This 
fact is the more striking when it is remembered that parts of animals or 
objects, or even of human beings, might become a person’s su’lia. Such su’lia, 
however, were rare among them. But their presence at all is of particular 
interest to us in our studies of the social organisation of the Indians of 
this region, as they seem to show us the steps by which the peculiar 
totemism of the northern tribes is reached. Such tribes as the Tcil’Qé/uk 
and others, who make su’lia of a tooth, a bone, a shell, a basket, or other 
utensil, a piece of hair or wood or stone, and similar objects, have clearly 
not yet passed beyond the stage of fetishism. Indeed, the Salish su’lia 
are throughout only higher forms of fetishism, in that they are always 
individual objects, no matter what those objects may be. Yet the sulia 
of the Tcil’gé’uk and other Salish tribes is not the fetish or talisman of 
the African savage ; it partakes also of the character of the totem. It 
is, indeed, I am led to believe, the connecting-link between pure fetishism 
and totemism as it is found among our northern Indians. That the personal 
totem as we find it in this region has been evolved from fetishism I think 
the su’lia of the tribes under consideration make clear ; and that the 
peculiar clan totem of our northern tribes is the further evolution and 
natural extension of the personal totem becomes equally clear under the 
study of the origin and spread of personal and family crests and emblems ; 
these standing in the same relation to the clan totem as the fetish does 
to the personal totem. These crests and emblems, formerly so highly 
esteemed and jealously guarded by those entitled to them, which entered so 
largely and affected so profoundly the social life and organisation of our 
coast Indians, are seen to have originated in two different ways. One 
springs from pictographic or plastic representation of the su’lia, as among 
the interior Salish and the northern Alaskan tribes ;! the other is an em- 
blematic record of some event or adventure, more or less mythical, in the 
life of the owner or his ancestors, the nature of which is well exemplified 


1 See ‘The Eskimo about Bering Strait,’ by Edward W. Nelson. Part I. of the 
Highteenth Annual Report of the Bureau of American Ethnology. 
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in the story of the origin of the sq07/aqi crest or totem given below. There 
can be little doubt, I think, that these latter gave rise to the secret 
societies and fraternal organisations of the Kwakiutl and northern Salish 
tribes ; while the totems of the Haida, Tlingit, and Tsimshean sprang 
from the former. This I think becomes clear from a study of the social 
organisation of the various Salish tribes. 

Among the N’tlaka’pamug of the interior, whose social organisation 
is of the loosest and simplest kind, the crest, as such, was unknown. 
Pictographic, and even plastic, representations of their su’lia were by 
no means rare. The former were quite commonly found on personal 
belongings, such as utensils, weapons, clothes, &c., but they never appear 
to have assumed the character of the crest ; they are merely decorative. 
When we descend the river and reach the Halkomé’lem tribes, the per- 
sonal and family crest and fraternal emblems begin to appear. A carved 
or painted representation of an individual’s su’lia is found on the posts 
of his house and on his family corpse-box, as well as upon other of his 
personal belongings. It has now become identified with the owner, and 
the owner with it. It is the mark or crest by which he and his are dis- 
tinguished from others of the tribe. I have already observed that the 
adoption of the communal dwellings must have deeply affected the social 
life of those who inhabited them ; and here, I think, we may see an 
instance of this. In communistic societies the individual is more or less 
lost sight of in the common family or brotherhood ; but this is contrary 
to the spirit of the Indian character. Under the communistic organisa- 
tion of the Tcil’gé’uk it became necessary, then, to adopt some artificial 
means by which the personal and family units might retain their individu- 
ality in the tribal economy ; and as pictorial representation of a person’s 
swlia was commonly employed to decorate his belongings, this, as a 
personal and family mark, may well have been adopted to supply the 
means. At any rate, however we may regard the association and identi- 
fication of the individual with the representation of his su’lia to have 
come about, we see that among the Halkomé’lem tribes the idea of 
a personal distinguishing crest has been evolved from the earlier and 
simpler pictographic emblem of the su’lia, From the personal and family 
- erest is but a step to the clan crest or totem; for the totems of our 
northern tribes are little more than symbols of unity, binding together by 
common possession the members of a gens or clan. The clan is but a 
collection of families ; and when from any cause or purpose an association 
of families or gentes took place, it remained only for the strongest and most 
influential of these to absorb or adopt the rest, according to Indian custom, 
to give rise to the clan crest or totem. That this was done, and that 
amalgamation of groups of families or communities took place among the 
northern tribes, we may clearly gather from the abandonment of so many 
of their former village sites, as well as from their own traditions. Within 
these clans every gens had its own totem or totems or personal crests ; 
and that these are, among the northern tribes, commonly animals does 
not in the least militate against the view of their origin here taken. It 
is but a higher, more advanced form of the su’liaism of the interior Salish 
and the Eskimo tribes to the north of them, among whom the animal 
sulia is also commonly, though not exclusively, found, and is quite in 
accordance with the natural evolution of primitive philosophy. On both 
sides they are surrounded by tribes in the stages of fetishism or su’liaism, 
some of which have risen to the concept of the personal or family crest or 
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totem ; and when we know more of the groundwork of the beliefs of the 
Haida, Tlingit, and Tsimshean, as evidenced in their totemic systems, we 
shall, I am convinced, find that it does not differ in any essential feature 
from the fetishism and su’liaism of the neighbouring and, in these respects, 
more primitive tribes.! 

Next in rank to the Squla’m came the O'lia. One of his duties was, 
as I have intimated, to dress and cure wounds and other external injuries. 
His chief function, however, was to interpret dreams and visions, as his 
name indicates. He was specially skilled in the reading of omens and 
portents. Other of his functions were to take charge of the bodies of the 
dead and prepare them for burial, and protect the people from the evil 
influence of the palakoe’tsa, or ghosts of the dead. Only an O’lia might 
venture to handle or have any dealings with a corpse or its pdlakoé'tsa, 
He was able to see and hold communion with the latter, who, it was sup- 
posed, nightly haunted the burial-grounds. The people were consequently 
warned to keep away from such places, especially after recent burials. 
The O’lia figured also in the puberty and other social customs of the tribe. 
Last in rank came the yeu'wa, the witches or wizards. These dealt in 
seu'wa, or witchcraft. I have described in my notes on the neighbouring 
Pila'tlq, given below, how this was usually effected, so that it will be 
unnecessary to repeat it here. 


Mortuary Customs. 


The burial customs of the Tcil’gé’uk differ in detail from those already 
described. I was able to gather the following concerning them. As 
soon as the breath has left the body one or more o’lia immediately carry 
it outside the house. The longer a corpse remains in the house, the more 
difficult it becomes to drive away the pdlakdé'tsa, whose presence is 
inimical to the survivors. The o’lia then wash and paint the body all 
over with red paint ; after which it is doubled up, bound in a mat or 
blanket, and borne away to the family vault or corpse-box, if the hour 
of noon has not passed. Should a death occur after noon, the body is laid 
apart by itself some little distance from the house till sunrise next morn- 
ing. This is the most propitious hour of the day for disposal of the dead, 
the palakoé’tsa then having all retired to shade-land.? The corpse among 
the Tcil’gé’uk was usually stowed away in a large box or coffin, the 
members of the same family being laid side by side in it. On the exterior 
of this were painted the family crests or totems, called salw'Jia (collective 
of su’lia) = ‘the dream objects.’ Among these figured the bear, goat, and 


’ In view of the recent discussions on totemism it is important to remember that 
the totems of our northern tribes are merely crests, i.c., visiblesymbols of unity of the 
gens or clan. It is the common possession of the privileges and powers the owner- 
ship of these implies, not a belief ina common descent from their prototypes, which 
binds together the individual members of the gens or clan in a mystic union and 
brotherhood. 

? It is difficult to obtain any coherent statement from the natives regarding their 
beliefs or conceptions of the after-life. An individual possesses, it seems, two kinds 
of bodies, one visible and tangible, the other visible only to an o’lia. ‘This latter— 
which is given to haunting the scenes of its earth-life, and is specially attracted by 
its former personal belongings, such as clothes, tools, utensils, &c. (hence the general 
disposal of these with or about the corpse in burial)—seems to be different again 
from the soul or spirit with which the Sqrla’m deals, and which goes to live in spirit- 
land. I have found it very difficult, thus far, to get any clear or definite knowledge, 
if such exists, on these points 
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beaver. Human effigies roughly carved in wood were also sometimes 
placed near by, similar to those found among the N’tlaka’pamug. These 
family sepulchres differed somewhat in shape according to the social 
position of their owners. Those of persons of rank and wealth were 
contained in a boat-like receptacle, the box being placed in the centre. 
Those which accommodated the remains of the meaner folk were usually 
rough rectangular boxes. Four days after the disposal of the corpse all 
who had taken part in the ceremony bathed themselves and cut their 
hair. They did not cut the hair equally all round their heads. On each 
side of the head it was cut as far back as, and on a level with, the ears ; 
beyond this only the tips were cut. The surviving husband or wife never 
cut his or her hair. Among the Tcil’Qé’uk the severed hair was never 
burnt, as among the neighbouring Pila’tlq. To do this, they believed, 
would cause the death of those whose hair was thus destroyed. It seems 
that they held that things destroyed by fire lost the essence of their 
being, their ‘spirit’ forms. With them the hair was always carefully 
buried in some spot where Nature was full of life. This would make the 
owners of the severed hair safe. All those who took part in the mortuary 
ceremonies were given ‘medicine’ by the o’lia to protect them from the 
evil influence of the corpse. All but the relatives of the deceased were 
paid for their attendance and service by blankets. If the immediate 
relatives of the deceased were persons of wealth, a feast would be held on 
the return of the party from the burial-grounds. If they were poor, this 
would be held at a later date. It was customary among the Tcil’Q@uk 
for friends of the mourning family to bring blankets and lay them on the 
dead body. When the mortuary feast was given, all those who had thus 
made presents were paid double of what they had given. The Teil’9é’uk 
had a peculiar custom of tearing off the edges or selvage of the mats and 
blankets used by the deceased person. This was done to ensure the 
safety of the surviving relatives and break the power or influence of the 
palakoé'tsa. After the death of a wife the husband must wash his whole 
body. If this were not done his next wife would shortly die. In per- 
forming his ceremonial ablutions he must be careful not to wash in a 
stream frequented by salmon, or they would shun the stream ever after. 
He must also abstain from all food for at least a day, and eat sparingly, 
with his face turned away from everyone else, for a further period of ten 
or twelve days. His food for the first four days was mainly ‘medicine 

made from herbs, &c. Much the same rule applied to a surviving wife. 
She must also bind her wrists and ankles with bands of wool. It was 
also believed by the Tcil’Q@’uk that if the surviving husband or wife bit 
off pieces of fish and, while chewing it, uttered the name of the deceased, 
he or she would shortly die. After the body of the dead person had been 
taken from the house, the o’lia would take quantities of the down of bul- 
rushes and spread it all over the bed on which the deceased had lain. 
He would then set fire to it, and beat the bed and walls and surviving 
relatives with sqol’p (spruce branches) to drive away the sickness and 
ghost of the dead. At certain times the sgela’m would call for mortuary 
sacrifices. These were always conducted at sunrise. Everyone who had 
buried a relative or friend would assemble at the place appointed, and 
bring with them a quantity of choice food and other gifts. These were 
all given to the Sqzla’m, who placed them on a circular table or platform 
erected for the purpose. In the centre of the circle a large fire was built ; 
between the fire and the enclosing table was an intervening space. This 


366 REPORT—1902. 


was for the Sqzla’m, the people all standing round outside. When all 
is ready the Sqzla’m enters this ring, and, taking up portions of the 
offerings, throws them into the fire, offering them as he does so to the 
manes of the departed. What is left of the presents after the offerings 
have been made is distributed among the people. The names of deceased 
persons were never uttered in the hearing of their relatives. ‘They were 
practically tabooed till given to some of the survivors later at some name- 
feast. Slaves were never killed at the death or burial of their owners 
among the Tcil’9é’uk. They were sometimes sold to defray the expenses 
of the mortuary feast. 


Birth Ceremonies. 


In most of the ceremonies of the Halkdmé’lrm tribes the emblems of 
the Sqoi’aqt play an important part. At the birth of a child it was the 
ambition of most parents.to have one or more of the members of this 
brotherhood or totem present to perform the sqoi’aqi dance, and secure 
for the child the protection of this powerful ‘medicine.’! A child whose 
birth was celebrated by the Sqoi’aqi was made thereby a person of social 
importance. It entitled him to rank later among the notabilities of the 
tribe. Part of the birth ceremony consisted in the formal washing of the 
infant by the Sqoi’aqi. It was during the birth-feast that the ears of the 
child were pierced for earrings. The piercing was done by means of a 
pointed piece of pitch-pine, the wood being left in the hole to prevent 
it from closing again. The task was always performed by skilled persons, 
who were paid for their services by gifts of blankets. The pads or bands 
for deforming the child’s head were also applied on these occasions, 


Puberty Customs. 


I did not gather much concerning the customs practised by youths on 
reaching manhood. ‘They went apart by themselves for a longer or 
shorter time, and fasted, and bathed and exercised their bodies till they 
had acquired their su’lia. When a girl reached puberty she had to 
undergo a four days’ seclusion. For the first two days she must abstain 
from food of any kind ; after this she might eat a little dried salmon, 
but no fresh meat or roots. After the fourth day the girl’s face was 
painted, and she was permitted to walk abroad for a little distance in 
charge of some woman. On her return four o’lia would meet her and 
dance round her, each holding a salmon of different species in his hand. 
When this ceremony was over, she was taken to a lake and made to 
undergo a ceremonial washing and cleansing. She was never allowed to 
enter a stream frequented by salmon, or they would shun the stream 
thereafter. Throughout the four days of her seclusion she was kept busy 
in making yarn, as among the Sk-qo’‘mic. While her menses are upon 
her a woman must never eat hot or fresh foods. 


Mythology. 


The great transformer and wonder-monger of the Tcil’9é/uk was 
called by them Yzed'ls. This is apparently the collective form of the 


1 T have given below the Pila’tlq account, which is the fullest yet obtained, of 
the origin of these emblems. Apparently all the Halkdmé'lmm tribes held members 
of this totem, who were entitled to the use of its emblems. Among the Kwa/ntinn 
as many as 300 of them, I was informed, would assemble together at some of their 
naming-feasts. From this it is clear the brotherhood or totem was extensive. 
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commoner Qiils of the other tribes. I was not able to gather much con- 
cerning his doings among them. They apparently invoked him in prayer 
at times. The Tcil’gé’uk formerly possessed a large stone statue of a 
human being. It was owned by a certain family, and was taken to the 
neighbouring Sumas tribe by a woman who married into that tribe. The 
statue weighed over a ton, it is said. A few years ago some enterprising 
person bought it for a small sum, and shipped it into Washington State, 
where it figured for a time in a ‘dime museum.’ It has since found its 
way, I believe, to the Field Columbian Museum at Chicago. This statue 
was said to be the work of Qrqii’ls, who one day passing that way saw 
a man and his wife, who in some way displeased him, and were in con- 
sequence transformed into stone statues, 


Mythical Account of the Origin of the Si’yak. 


Tn salmon-fishing the Tcil’9é’uk mostly used the st’yak, or salmon-weir. 
They believe their ancestors were taught how to construct this by 7’a’mia, 
the wren. He instructed them on this wise. He bade the limbs of the 
young cedars (Thuya gigantea) twist themselves into withes, and stout 
branches to sharpen one of their ends to a point and place themselves 
firmly in the bed of the stream in the form of a tripod, fastened at the 
top by the withes, two feet being down stream and one up. He then 
called upon other boughs to wattle themselves in the lower legs of these 
tripods, till the weir or dam thus formed spanned the whole stream ; at 
the foot of which the salmon soon congregated in great numbers. He 
bade the people make their salmon-weirs thereafter in like manner, 


Origin of the Tluké'l Su’lia. 


There was once a youth who was undergoing his puberty rites, and 
seeking his sw/Jia on the margin of ‘Cultus’ Lake. This lake was the 
abode of Slalakwm (i.e., supernatural water-people who lived at the 
bottom of lakes). One day he took a stout buckskin, and pierced it 
with many pointed bones. This he fastened about him, and taking a 
large stone to weight himself with, jumped into the lake. He quickly 
sank to the bottom. In his descent he came down upon the roof of the 
Slalakums’ dwelling. The inmates were disturbed by his fall, and went put 
to see what had happened, They found the young man there, and carried 
him into the house. Presently he came to himself, and looked about him. 
Among the Slalakum present he perceived some who were sick. Their 
sickness had been caused by his spitting in the lake, and by the ashes of 
his fire dropping down upon them. He wiped away the spittle and ashes, 
and thus healed them of their sickness ; and in return for his services they 
gave him the ZJwke'l, an object resembling a long stout icicle. He stayed 
with the Slalakum a little while, and then returned to the surface of the 
lake again, taking his mystic 7/wké’l with him. When he got home all 
the people at the sight of him were taken sick. He healed them all with 
his 7luke'l, and became a great Squla’m. He was specially able to cure 
those who fall ill from contact with a Slalakum. The tidings of his 
adventure and the fame of his skill spread among the surrounding tribes, 
and a man of the Nek‘a/men tribe determined to visit ‘ Cultus’ Lake and 
seek similar or greater powers for himself. Accordingly, in company 
with a friend to assist him, they set out for the lake. They managed to get 
there without the knowledge of the Tcil’9é’uk people, in whose territory 
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the lake lies. They had taken with them a stout sté’qim (rope). They 
got out to the middle of the lake, and the man who sought to visit 
the Slalakum tied the rope about his body and jumped into the water, 
bidding the other pay out the slack as he descended. He carried a big 
stone with him, and this caused him to sink quickly. When he had been 
down a good while the other grew impatient and pulled up the rope, at 
the bottom of which he was horrified to see the skeleton of his com- 
panion. He had been devoured piecemeal by the fish of the lake. Greatly 
frightened, the survivor hurriedly packed up the skeleton, and made his 
way home again as fast as he could. Deterred by the shocking fate of 
this man no one thereafter sought to pay a second visit to the Slalakums 
of ‘Cultus’ Lake, 


Myth of the Kwakwili’tsa, or ‘ Blanket-beating.’ 


In the very early days of Tcil’gé’uk history the people were once 
suffering greatly from famine. Leaving the women and children at home 
the men went down towards the mouth of the river to seek for salmon. 
When they had gone some miles down the stream they made a dam or 
weir, and were successful in taking a few salmon. One of the lads with 
the men then wanted to run back and tell his mother. But this the men 
would not allow ; they were determined to abandon the starving women 
and children. But of this the lad disapproved, and determined to let his 
mother know. So he slyly took some salmon eggs and bound them to 
his leg by means of a piece of bark, He next began to run after 
butterflies. and he followed one till he got out of the men’s sight, and 
then made straight for home. On reaching there he straightway told 
his mother what had happened, and what the men intended doing. The 
mother called together the other women and communicated to them what 
she had learnt from her son. Upon hearing of the selfishness of their 
husbands they became greatly enraged, and all took pieces of bark and 
beat the couches of their husbands with them, They do this kind of thing 
only when they are very angry. The action has apparently some occult 
import, the nature of which I could not gather. After this they took 
the blankets, paint-boxes, and feathers of their husbands, and started off 
to seek them. As they approached their husbands’ camp —ever since named 
kwakwalitsa=‘ beating blankets,’ in memory of the incident—they beat 
the blankets of their husbands with sticks, and with loud voices invoked 
QeEQi'ls to transform their husbands and never let them come home again. 
Presently the men heard the din the women were making, and seeing their 
feathers floating towards them on the air, one said: ‘Something is 
going to happen ; I see my feather in the air.’ ‘And I mine,’ said another. 
Each man then saw his paint-feather floating towards him. They then 
called upon the painter to quickly paint them. He complied with their 
request, and hurrying at his task, painted one as a wild goose, another as 
the white-headed eagle, and another as the woodpecker, and others as 
something else. Meanwhile the angry wives were drawing near. The 
painter no longer stopped to mix his colours, but painted the remainder of 
the men some all black and some all white. The women were now upon 
them ; and Qrqii’ls, in response to their prayer, transformed the painted 
men into birds. They all flew off, and came together again on the Fraser 
near the Indian village of Oha’mon. Here they met with Sk’lau’, the 
Beaver, who told them of the land of the Salmon people, and promised 
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to go and get the salmon for them, and thus help them to make peace 
with their wives again. 

From this point the story closely resembles that told by the Pila’tlq 
regarding the origin or presence of the salmon in-their waters, which 
I have recorded below. It will be unnecessary, therefore, to repeat it 
here. 

The Teil’gé’uk seem to possess but few folk-tales, or else they have 
forgotten them, the above being all I was able to gather from my dif- 
ferent informants. They are, however, a most interesting people, and 
the study of their customs, beliefs, and language has been both profitable 
and instructive. 


LINGUISTIC. 


In Dr. Boas’s brief notes on the Halkomé'lEm tribes of the Fraser he does not 
treat of their language at all, except to call attention to the fact that it is dialecti- 
cally allied to the Kaué'tcin of Vancouver Island, He remarks: ‘The language as 
spoken on Vancouver Island [i.¢c., the Kaué’tcin] and on the mainland shows slight 
dialectic differences, the most striking ones being the general substitution of J for n, 
and of @ for d on Fraser River.’! In making this very general statement, Dr. Boas 
is slightly in error. He has forgotten that a vocabulary of one of the most important 
and extensive of the River tribes, the Kwa/ntlrn, has been given in the Comparative 
Vocabularies of Dawson and Tolmie, in which this substitution finds no place at all as 
far as the interchange of m and /is concerned, and very little as regards the vowels; 
and my own more detailed investigations confirm the accuracy of these investiga: 
tions. There are more important dialectical differences, too, than the interchanges 
mentioned by Dr. Boas. These will be brought out in their proper place in my 
treatment of the Halkomé'lem dialects. 

In choosing the Kwa'‘ntlEn and the Tcil’9é’uk, as I have in this report, to illustrate 
the speech of the Halkomé'lnm tribes of the Lower Fraser, I was influenced by the 
following considerations. In the first place, the Kwa/ntlEn are, or rather have been, 
one of the most powerful and extensive of the River tribes, and their dialect seemed 
to present some special and interesting features worthy of attention; and in the 
second, the Tcil’gé’uk were reported to have formerly spoken a non-Halkomé'lem 
tongue. It seemed wise to me, in view of this fact, to search for linguistic evidence 
of this report, as a confirmation of it might throw light incidentally upon other 
important questions. 

I may remark in passing that thus far no systematic attempt to elucidate the 
dialectical peculiarities of the Halkomé'lem speech, outside of my own efforts, has 
been made as far as I have been able to learn. A few hymns and prayers in Yale 
and Tcil’9é’uk have been printed by missionary effort ; but these, fashioned as they 
are for the most part rigidly on English lines, do not always afford the student a 
correct or satisfactory view of the language, or give him any grasp of its syntactical 
principles and peculiarities. The phonology, too, employed in these productions is 
eed lacking in uniformity, as well as otherwise falling short of what one could 

esire. 

In this connection I would like to suggest thatthe Indian Department at Ottawa 
might lay linguistic science under a deep debt of gratitude if it would adopt the 
phonetics of the Reports on the North-Western Tribes of Canada, published in the 
annual Reports of the Birtish Association, which are employed in these studies, and 
which have proved themselves to be fairly adequate to their task, and print and 
circulate them among the missionaries who have charge of the spiritual welfare of 
the Indians throughout the Dominion. Iam given to understand that the Depart- 
ment has asked certain missionaries in British Columbia to make vocabularies of the 
speech of the tribes amongst whom they labour, and these vocabularies would be 
infinitely more valuable if an adequate and uniform system of phonetics were 
adopted and employed by the compilers of them. 

In the compilation of these notes I have followed my usual practice and employed 
two or three Indians together. I have found this to be imperatively necessary 
The personal difference in articulation and enunciation, through loss of teeth or 


' See Ninth Report on the N.-W. Tribes of Canada, B.A,A.S., 1894. 
1902, eb 
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the malformation of some voice organ, is sometimes very great. Moteover, the spreatl 
and use of English among the Indians is very seriously affecting the purity of 
the native speech. Frequently they are in doubt about the correctness of some form 
or phrase, and have to appeal one to the other to know which is right. 

A ready the order of. their words in the sentence is undergoing modification and 
apprdximating$to the English order; while the analytical tendency of our language 
is slowly, but surely,Wundermining their inflectional pronominal forms. In the 
mouths of the younger members of the tribe, who have learnt English, the indepen- 
dent pronounsjare now not infrequently employed with the verb where only the 
inflectional forms would be used by the older people. In the course of collecting 
my notes one of my informants referred repeatedly to the (to him) undesirable par- 
ticularising$character of the native speech, the simpler forms of the English appealing 
strongly to his mind. Certainly this man was, as his reflections from time to time 
showed, morefthan usually thoughtful and observant. 

Wherever in my native texts the order of the words follows closely that of the 
English, it may be suspected that the native purity of the language has suffered. 
Iwas not;sufficientlyfalive to this tendency at the first to guard wholly against it. 

As my studies of the Kwa/ntlen gave me a good opportunity for an examination 
of the niceties of the Halkomé’lem verb, I paid greater attention to this feature in 
that dialect. In Tcil’Qé’uk on the other hand,I have given more attention to the 
pronouns and demonstratives ; thus making one study complementary to the other. 
My studies of these two dialects have made clear to me many points that were ob- 
scure in the Sk:qo/mic. Iwas not clear on the function of the important particle 
hova (or kvé as it is in that dialect), There is no doubt that kwa is an indefinite 
article, which seems at times to have also a restricted partitive function. This will 
be illustrated in my notes. Other pronominal, demonstrative, and verbal particles, 
common to the Salish,dialects of this region, which will be treated of in their proper 
place, have also been better understood and their respective functions grasped by 
myjstudies of the River speech. 

The Indians most useful to me in my studies of the Tcil’Qé'uk were—‘ Captain’ 
John, chief of the Siwi'lé sept; his son-in-law, ‘Commodore,’ and David SEla/kEtEn 
offCultus’ Lake. I also desire to express my thanks to the Rev. W. Barraclough 
for the use of his private Tcil’9é’uk vocabulary } for although his system of phonetits 
made it necessaryffor mefto get all the words from the Indians over again, his list of 
words was useful to me in many ways, and was the means of revealing in several 
instances the presence of synonymous terms, some of which are certainly foreign to 
the Halkomé’/lEm tongue, and are probably survivals of the older Tcil’gé'uk speech. 
My best thanks are also due to Mr. Suart of ‘ Cultus’ Lake for many courtesies 
extended.to ine%during|myfsojourn among the Tcil’gé’uk, 


PHONOLOGY. 
VOWELS. 

aas in English hat i as in English pin 
a by A father I és - pique 
ai] ST Gy peal oF)” "; 2 allpond 
a +f nS gnat 6 = FY tone 
Che sy » pen Ayia 5 » bet 
e ” ” they uw ” ” boot 


E as in English flower 


DIPHTHONGS. 
ai, as in aisle; au, asin cow: oi, as in boil; eu, as in few. 


I found the vowel sounds in Tcil’Qé’uk quite as indeterminate in character as in 
Sk-qo’mic. The long vowels are more troublesome in this way than the short ones. 
In the mouth of David SEla’/kEtEn 7, ai and @, as also 6 and au, were constantly 
interchanging in the most bewildering fashion. At first I was led to think the 
changes must be due to some law of vowel sequence I had overlooked; but further 
study of the subject and a comparison of his pronunciation with that of other 
Indians made it quite clear that these changes were due to no such law, but simply 
to imperfect and slovenly enunciation. The Indian uses his lips but little in 
spaeking, and this habit affects the clarity of his utterance and causes his vowels 
to lack precision and definiteness. The short vowels could almost anywhere be 
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substituted for each other; indeed, the same collector will find himself writing the 
same word sometimes with one vowel, sometimes with another. 


CONSONANTS. 


I pointed out in my notes on Sk:qo'mic that our division of certain consonants 
into surds and sonants was not applicable to that tongue. The same remarks apply 
here. I believe I should be quite within the truth if I asserted that the speech of 
the coast and delta Salish possessed neither surds nor sonants as we understand 
those distinctions in English. I gravely question whether their t’s, k’s, s’s and p’s 
are accurately represented by our surds t, k, s, and p (/ they do not possess at all, 
nor its corresponding sonant v). They seem rather to occupy an intermediate posi- 
tion, and partake of the quality of both surd and sonant. At times this is plainly 
discernible, and one is at a loss to render the sound accurately. In the tribal namé 
of the Kwa/ntlrn, for example, the 2 is certainly not our &, nor is it better rendered 
by the corresponding sonant g. It is rather a rare quality of sound combining both 
elements. The native p is another example. Rarely is it uttered like our y, and still 
less is itour 4. It can only be described as something between the two, and must be 
heard in the mouth of a native to be fully appreciated. The native pronunciation 
of English terms makes it quite clear that some at least of their ‘surds’ do not 
correspond to ours; and that, although they have no sonants, as distinct from surds, 
in their own speech, they yet invariably convert a surd into a sonant when speaking 
English. For example, David calls bacon, bagon; pit he calls bit; and bite, bide. 
Veal he pronounces as deal, and barrow as farrow. These are but afew examples, 
but they serve to illustrate my point : 

I find the following consonantal sounds in Tcil’9é’uk :— 


t, approximately as in English. 

t, intermediate between our t and d. (I do not distinguish this from the other.) 

k, approximately as in English. : 

k, intermediate between our k and g. (1 do not distinguish this from the other.) 

k’, palatised k, almost ky. 

q, as ch in loch in broad Scotch. 

Q, approximately as wh is uttered in North Britain. 

H as the German ch in ich. 

h, m, y, as in English. 

n, sometimes as in English, sometimes with a suspicion of 7 about it. 

I, ” ” ” ” ” ” n ” 

8, ” ” 

ss, as in English hiss. 

p, rarely as in English; generally intermediate between our p and Dd, 

¢, as in English sh; initial and medial. 

¢, as th in the word thin; initial, medial, and final. 

tc, as ch in the word church; initial, medial, and final. 

ts as in English Fitz ; initial, medial, and final. 

kl, as eZ in the word climb; initial and medial. 

tl, an explosive 7, approximately like the 72 in Welsh; initial, medial, and final. 

sl, as in English ; initial and medial. 

kw, as gu in the word quantity ; initial and medial. The combination of these 
two consonants occurs oftener than any other in Tcil’Qé'uk. It is the predominating 
element of its vocables. Some writers treat them as consonant and vowel. I 
cannot think this to be correct; wis here as mucha consonant as the & is, being 
followed in every instance by a vowel. 


~ 
” 2”? ” ” ~ ” 


The consonants in Tcil’Qé’uk are fairly determinate in character. Certain of 
them, however, show a tendency to permutation; te and ts are perhaps the 
commonest interchanges. I was at a loss for a long time whether to write the 
tribal name Tcil’Qé'uk or Tsil’Qé'uk. In the mouths of some Indians s runs 
uniformly into c. s, ¢, and ¢2 are also common interchanges. To mark the hiatus 
which occurs in the uttering of some words I have employed the apostrophic sign, 
placed over the word, thus :—Tcil’Qé/uk. 


ACCENT. 


Accentuation is as marked in Tcil’g@é’nk as in Sk‘qo’mic, and as difficult to bring 
under rule. The most general rule is that which seems to hold good throughout all 
BB2 
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the Salish dialects, viz, that the accent in a word falls oftenest upon the syllable 
containing a long vowel. In Tcil’Qé’uk the accent seems to play an important part 
sometimes in the modification of the sense of a word. Thus, in the verb petamit, 
to ask, the accent may fall upon the first or the second syllable. When it falls upon 
the first the term conveys a sense different from that it possesses when the incidence 
is upon the second. Thus, when I say pz’timit-tcil-tca, ‘I will ask” I mean that I 
will ask ‘anybody’; but when I place the emphasis upon the second syllable, thus : 
pEta’mit-tcil-tca, it signifies that I will ask some certain person I have in mind. 
Again, it is the accent that marks the difference between certain distributives and 
diminutives, and augmentatives and diminutives, of common form. Thus, tsEk’tsu’k-ut 
means ‘many trees’; but tsr’/k'tsuk‘ut signifies ‘little trees’; sli/sQetlp =a big tree, 
but slisqu'tlp, a little tree. 


NUMBER. 


Tcil’9é@’uk does ‘not appear to possess a true plural. Its place is supplied in various 
ways; sometimes by distributives and collectives, which are formed by amplification 
of the stem by reduplication, epenthesis, or diaeresis ; and sometimes by a vowel 
change similar to that which takes place in English when we convert man into men, 
foot into fect, &c.; more rarely by aphaeresis and by the use of a term expressive 
of ‘abundance’ or ‘plenitude.’ The following will serve as examples :— 


man swé’ Eka. men siwé’/Eka, 

woman slali. women silsa’li. 

youth swe'wilus, youths swa’wilus. 

maid k’ami. maids k’a'lami. 

horse stEké’/yi. horses stHleké’yi. 

girl k-a/k‘ami. girls kaka/lami (diminu- 

tives of kami). 

boy swéEka'tl. boys worka’tl. 

son mela. sons ma’‘mela. 

infant ska’kEla. infants ka’kela. 

chief sii/m, chiefs yEsia’m, 

house 14'1Em. houses lelé'lEm. 

dog skwomai’. dogs skwomkwomai’, 

hat ya’suk, hats ya'lsuk’. 

stone sinillt. stones smEmii lt, 

rat haut. rats keq haut. 

mouse kwa'tel. mice keq kwa’tzl. 
DIMINUTIVES. 


14'lEm, house; 1Eli’m and 1é'lmm, little house. 
maugq, bird; humaugq, little bird. 
sta'lo, river; sta’tHld, rivulet; smalt, stone; semule'’t, little stone, pebble. 
For others, see the Vocabulary. 
REDUPLICATION. 


Reduplication plays an important réle in Tcil’9é'uk, as in the other Salish dialects. 
Besides performing the functions of a plural it expresses also intensity, repetition, 
and prolongation of verbal action ; it signifies also, as we have seen, diminution and 
its opposite, augmentation or increase; also collectivity, depreciation or inferiority, 
and several other qualities. 


INSTRUMENTAL NOUNS. 
The familiar instrumental noun suffix -tzn appears in Tcil’Qé'uk as -txz/, thus i= 


mEséil-te/, anchor. ctti’um-txd, belt, 
tsi'lis-tz/, seat, chair. cElEWE’tl-tu/, borer. 
au’q-tel, brush. stlukHln’s-tzl, button, 
cuma'tis-tal, dagger. catE’k’-til, door. 
tlu’kq-tzl, fish-hook. sk‘au’s-txl, kettle. 
skwé'-tel, ladder. citla’kuls-¢E/, mat, 
pu’ts-tz/, needle. swiz'l-tz/, het. 


iné’-te/, a helpet. 


: 


ON THE ETHNOLOGICAL SURVEY OF..CANADA, 379 


AGENT NOUNS. 


‘the prefix of agency niks, seen in the Sk-qd'mic, appears also in the Halkomé'lem 
dialects, In Tcil’9é'uk we find it under the form liks, thus :— 


liks-kwaié'lin, or liiks-mé'tla, a dancer. 
ltha-kékElii’k, a deceiver; liks-b’tcEtc, a stutterer. 
liks-aha'wa, a hunter; Ziks-sté’lum, a singer. 


Almost any verb of action may take this prefix, and thus form a noun of this 
class; but the same idea may be otherwise expressed. Thus I find E'hweléH, a 
shooter, from 2welé'H, to shoot ; é’wEsaiH, a guide, from éwEs, to guide, direct, or 
instruct ; su’k:sak-wai, a fisher, from sa’/k'wai, a fish ; and lukElu’kEm, a diver, from 
Rani: to dive, In these latter two we see another of the réles reduplication plays 

n Salish, 


SYNTHETIC AND INDEPENDENT NOUN FORMS. 


I have pointed out in previous reports that synthetic or incorporative nouns, as 
distinct from independent nouns, form a very limited class in the Salish tongues of 
British Columbia; and that they are apparently restricted to terms expressive of the 
parts of the speaker’s body. In Tcil’gé’uk these are generally attenuated forms of 
the corresponding independent nouns. A few, however, are formed from different 
roots. ‘The following will serve to exhibit their use in Tcil'Qé’uk, and at the same 
time illustrate the particularity and nicety of certain forms of expression :— 


‘I hurt my head’ (by something falling upon it, such as a bough of a tree, &c.), 
Lim-kwEl sqaius ; here the noun is the full independent form. 

‘I hurt my head’ (by passing under something, such as a low doorway or bough), 
tas-Eluk-tcil (synthetic form, abbreviated from independent form, k‘¢Ek-Eluk, crown 
of the head). 

‘I hurt my head’ (by accidentally striking it on the ground as I lay down), tas- 
4/lukEl-tcil (my vocabulary does not furnish me with the independent form of this 


. noun). 


‘I hurt my ear,’ tas tel k-wol; verbatim, ‘hurt my ear.’ 

‘I hurt my left ear,’ mauk’tl tEl skii/lia (synthetic form). 

‘T hurt my right ear, mauk’tl teL sii’lja (synthetic form). 

‘I hurt both my ears,’ mauk’tl tet k-wolkw6l (independent form reduplicated), 

‘To wash one’s face,’ S6Q-oc-Em (synthetic form extremely attenuated. This roof 
is seen in the Interior tongues), from Sdqii’t, to wash, The change in the verb from 
-(it to -em marks the verbal noun or gerund. It has also a causative or active force 
when the object is specified, as here. ¥ 

“To wash one’s body,’ S6Q-dk-Em (synthetic form extremely attenuated), 

‘To wash one’s hands,’ So@ii-teis-Em (synthetic form seen in all compounds for 
‘hand’ or ‘ fingers’). 

‘To wash one’s feet,’ S6Q-Hyil-pm (synthetic form abbreviated from independent 
form, ts’ké'Hyil). 

‘To wash one’s head,’ 80q-é’Ek-Em (synthetic form abbreviated from independent 
stem, k-éEk‘Eluk). 

‘To wash one’s back,’ S0Q-dwé!tc-Em (synthetic form; independent form wanting 
in the vocabulary). 

‘To wash one’s chest,’ S0Q-é'lEs-Em (synthetic form slightly abbreviated from 


’ independent form, sé'lEs). 


It should be understood that every one of these incorporative expressions could 
be, and often are, rendered by the full form of the verb and the full independent 
noun, as: Sogii’t-tcil tel tsra’tsus, I wash my face; Sogii’t-tcil tel ts’ké’Hyil, I 
wash my feet, &c., &c., but the incorporative forms are the more elegant. 


COMPOUND TERMS. 


The Tcil’g9@’uk vocabulary fyrnishes numerous instances of this classof word. The 
method of formation is very similar to that which obtains in English, Thp 
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compound may be formed by simple juxtaposition, by agglutination, or by forma 
tive elements. Thus :— 


temkwa/i= famine, verbatim ‘ period’ +‘ hungry.’ 

temkaka = flood a ‘period’ +‘ water ’+ ‘ water.’ 

kElEtsEl=to swear ,, ‘bad’ or ‘ evil’+‘ mouth’ (latter abbreviated). 

kakanHyil = lame, from kakai, ‘ sick,’ and ts’kéHyil, ‘ foot.’ 

swéEka'tl= youth, from swéEka, man, and formative particle dtl, signifying 
immaturity or youthfulness. 

luksaha'wa = hunter, from ahi'wa, to hunt, and liks, formative particle of agency. 

sEtltEl =a bailer, from sé’ltcut, to bail, and the instrumental particle tuHl. 


PARTS OF SPEECH. 


There is very little, if any, formal distinction in Salish between the various parts 
of speech. As the noun possesses no number, no cases, and no formal gender, 
and the verb no proper conjugations, tenses, or moods, a word may stand without 
change of form for almost any part of speech. Itis the temporary function of a 
word in a sentence that gives it its distinctive character. Thus the same word 
may at different times and in different expressions be either a verb, noun, adjective, 
adverb, preposition, &c. For example, the equivalent of our ‘in’ in Sk‘qd'mio 
is 0'is; thus, d'ts te lim, ‘in the house.’ But in the following sentence this same 
Sis takes on the function and the imperative termination of a verb. Thus: 
G'is-ka te lim, ‘goin the house.’ Again, the adverbs, and particularly the adverb 
of negation, constantly perform the functions and take on the pronominal and 
temporal affixes of verbs. Thus: hauw'-nk nun-k-d'k ot, ‘I will not strike it’; verbatim, 
not-will-I strike; hauw'-it nat-k'd'hdt, ‘we didn’t strike it’; verbatim, not-we-we- 
strike. In the former of these two instances the negative has absorbed the 
temporal affix, and in the latter the personal pronoun, dropping its own final letter ; 
haug being the full and independent form of the negative in Sk:qd’mic. Even the 
pronominal forms share at times the functions of other parts of speech, and 
need a personal article to give them definiteness. This is peculiarly the case in 
regard to the forms employed to indicate the third person. These are in many 
instances still simple demonstratives, and employed as such in other constructions. 

There are, of course, certain compound and other terms to which these general 
remarks do not apply. There is also a very interesting class of nouns which differ 
from the corresponding verb forms by the addition of the prefixed sibilant s. 
These are apparently gerundial nouns. In Kwa’ntlEn, in particular, the gerund is 
thus regularly formed; and any verb may apparently be converted into a noun 
with verb force in this way. Abstract nouns and perfect participles are formed in 
Tcil’Qé'uk by this means, In Kwa/ntlen the ordinal numbers are regularly formed 
from the cardinals by prefixing s to them. In N’tlaka’pamuq we find much the 
same. The following examples from the Tcil’Qé’uk will be found interesting :— 


é'wEs, to instruct. sé'w#s, instruction, learning, 

mu’kweEtsEl, to kiss. smu’kwEtsEl, a kiss. 

kau, to howl. sk‘au, a howl. 

hi'k&tl, to hiccough. ci‘krtl, a hiccough. 

e'tltEl, to eat. se’tltEl, food. 

ai'tEl, to fight. sai/tEl, a fight. 

lz'pite, to send (something), slEpite, thing sent, 

u’lia, to dream. su'lia, the subject of the dream. 

tam, to shout. stim, a shout. 

kwats, to see. skwats, sight. 

péls, to sow. spéls, seed. 

kweElst, to stew. skwElst, a stew. 

hiis’Em, to sneeze. s'hi’sEm, a sneeze. 

ké’EqEtsult, to slide. ské'EqEtsult, a slide. 
GENDER. 


Grammatical gender of a kind is found in Tcil’ge’uk. The definite article 
possesses distinct masculine and feminine forms. Thus: tz (masc.), the; sz (fem.), 
the. In a certain sense the demonstratives, which are compounded with the 
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definite article, may also be said to possess formal gender, though it is only a 
borrowed one. The same applies also to the so-called gender of the possessive 
pronoun of the first person singular and the personal pronoun of the third person. 
But, strictly speaking, it is only the definite article which possesses a formal gender; 
the seeming gender of the other forms arising from their coalescence with this. 
I did not fully understand this in my study of the Sk'q0'mic, where the pronominal 
and demonstrative gender is exactly the same as in the Halkomé’'lmm tongues, and 
attributed to these terms, as Dr. Boas had before me, a formal gender of their own. 
This is clearly incorrect. They possess no true gender of their own; in every 
instance it is the presence of the accompanying article or demonstrative that gives 
the gender. Thus, we say sz/ tel, my mother; tzl mem, my father; se Ja, she; 
tz la, he; sx la sla’, this woman; and tz la své'rka, this man; but in every case 
we are using the definite article, and obtaining our formal gender from it. Every 
one of these terms is compound; sz/ and txl are se and tz compounded with the 
pronominal element 7 (the of other Salish dialects). And in the sz la and tz la 
forms we have the same sz and te compounded with the adverbial particle Ja (the 
na of other dialects)... These latter forms stand, as I have said, equally as pronouns 
of the third person and as demonstratives. Thus itis clear that there is no true 
pronominal gender in these Salish dialects, as has been hitherto supposed. Even in 
the ¢0’-tla or taw'-tla and sau'-tla forms, signifying ‘he’ and ‘she’ respectively, we 
have the same definite article; though its closer coalescence with the other 
elements of the compound obscures its presence here in some degree. 

Besides this formal distinction of gender by use of the article, we find the 
usual distinction of separate words to denote male and female; thus :— 


swé’Eka, man. s]4'li, woman, 

swéEka'tl, boy. ka'k-ami, girl. 

swé'wilus, youth. k’a/mi, maiden, + 
mEm or mEl, father. tat or tEl, mother, 
swii'kuts, husband. sta’lus, wife. 


In speaking of animals, sex is distinguished by placing modified forms of the 

terms for ‘man’ and ‘woman’ before or after the class word, thus :— 
dog, swéwé’Eka skwomai’ ; bitch, sles]a'li skwomai’, 

In speaking of birds the sex is marked by a special term for the male bird, 
thus:— All male birds whose plumage differentiates them from the female are 
called by the term stz'mtzm; all large birds whose plumage does not markedly 
differentiate them from the females are called simply mauwk:, the female being sla'lt 
mauk* (mauk: is the term for ‘duck’; it appears to be a generic for ‘bird,’ as 
smi'yits =‘ deer’ is for animal); and all small male birds not markedly differentiated 
by plumage from the female are called mé'zmuk; the female, sla'li mé'zmuh. 

I have already called attention to the numerous véles reduplication plays in the 
Salish tongues. In the éxamples used here to mark gender of animals we have a 
notable illustration of its elastic character. The reduplication in swéwé'zka carries 
with it a sense of nobility, greatness, superiority, might ; while in s/xzsla’lz it carries 
the opposite sense of meanness, smallness, inferiority, weakness. These distinctions 
are used throughout the whole vocabulary. Anything that is large, strong, fine, or 
excellent, is swéwé'rha, or masculine; anything that is small, weak, mean or con- 
temptible, is s/xs/diz, or feminine.' 


CASE. 


I have already said that case distinctions are wanting to the Salish tongues of 
British Columbia, and the Tcil’9é’uk presents no exception tothisrule. The relations 
expressed by the case endings of the classic tongues are supplied by particles, as in 
English and other analyticallanguages. In certain constructions the noun seems to 


1 We have herea fine glimpse of the primitive mind evolving genderal distinctions. 
Under the conditions of savage life any other view than that taken by the Salish 
tribesmen would seem to be impossible. Our own Aryan ancestors apparently took 
the same view, for our grammars of to-day speak of the masculine as the ‘ nobler 
gender.’ The phrase would appear to be an unconscious reminiscence of earlier and 
ruder conditions of life. 
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take on modifying suffixes suggestive at first sight of case endings; but this is nat 
really so; these terminations are merely possessive pronominal suffixes, We find the 
same thing in the Oceanic tongues. 


PRONOUNS. 
PERSONAL PRONOUN. 


Of these there are in Tcil'Qé’uk three classes: the independent, the inflectional or 
copulative, and the incorporative. ‘The independent personal pronouns are:— 


I, me, tE e’lsa. we, us, tE tlé’mEtl. 
thou, thee, tk lia. ” ye, you, te tlewo’p. 


Strictly speaking, the corresponding forms employed for the third person are not 
pronouns, but demonstratives ; but I add them here :— 


he (near the speaker), tE li’. they (visible to speaker), yE si’. 
he (distant from speaker), tE sii’ or cii. 
he (invisible to speaker), kw’tsii’. they (invisible to speaker), kw’sii a’'tltEl, 


she (near speaker), sE li’. 
she (distant from speaker), sE tsi’. 
she (invisible to speaker), kw’ sii’. 


Besides these common, regular forms we find the following compounds for the 
third persons: 7o'-tla or tau'-tla, he, him; sd’-tla or sau'-tla or ¢o'-tla, she, her; 
to-tla'-lem, sd-tla’-lem, and tla'-lem,they,them, The usage of these as distinguished 
from the others is very difficult to understand. In some instances they seem to be 
used in special constructions, in others as simple synonyms for the commoner forms, 
I spent several hours with David in trying to understand what special usage they 
had, but was no wiser at the end. None of the rules he sought to lay down for my 
guidance would stand examination. He clearly did not understand the matter 
himself, nor did his examples of their usage help me to do so.! 

The function and scope of theindependent personal pronouns seem to be samewhat 
broader in Tcil’9é'uk than in the dialects previously examined, They appear at 
times to take the place of the inflectional forms and become the subjects of verbs ; 
just as if in Latin ego, tu, &c., were used instead of the terminal inflective forms. I 
found numerous instances of the kind, but believe it to be the result of the influence 
which English is exercising upon the native idiom, 


INFLECTIONAL OR COPULATIVE PRONOUNS. 


It will be remembered that in N’tlaka’pamug we found distinct forms for tranr 
sitive and intransitive verbs. In the Halkomé'lEm tongue, as in Sk’q6'mic, one form 
only is employed. This in Tcil’Qé'uk is as follows :— 


I, -tcil or -tsil. we, -tcit. 
thou, -tctiq. you, -tcap. 
he, -s or -Es. they, -s or -Es. 


Absence of the third persons is marked by the particle le (ne of the other 
divisions.) All these forms are modified in the oblique moods. Strictly speaking, 
the forms given here to the third person are not pronouns, but rather substantive 
verbs. See under Kwa'ntlen. 


INCORPORATIVE PRONOUNS. 


The method of synthesis here employed resembles that of the N’tlaka’pamug 
more than that of the Sk-qo'mic, with which the Tcil’9é/uk has most points in 


1 Since the above was written I have studied the corresponding forms in the 
Kwa/ntlen dialect, from which it would appear that the function of these forms 
resembles that of ile, &c., in the Latin, See the Kwa/ntl&n text. 
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common, The object pronoun comes between the verb and the subject pronoun, 
thus :— 


I will help thee, mait-tsa’ma-tcil-tca. 

I will help you, mait-to'la-tcil-tca. 

Thou wilt help me, mait-tsai'-teiuq-tca. 
Thou wilt help us, mait-to'l-tetq-tca. 

We will help thee, mait-tsa’ma-tcit-tca. 

We will help you, mait-tola-tcit-tea. 

He will help me, mait-¢sai’k-Es-tca tEsi’, 
He will help us, mait-to'lak-us-tca tEsii’. 
He will help thee, mait-tsa'ma-tca tEsi\’. 
He will help you, mait-to'lam-tea tEsi’. 

He will help him, mait-kEs-tca tEsi’. 

He will help them, mait-Es-tca yEsii’. 

They will help me, mait-tsai’k-Es-tca yEsii’. 
They will help us, mait-to'/ak-Hs-tca yEsii’, 
They will help thee, mait-tsdé’ma-tca yEsi’, 
They will help you, mait-to'lam-tca yEsi\’. 
They will help him, mait-Es-tcea yusi’ tusii. 


Incorporative forms, just as personal forms, are wanting to the third person, 


POSSESSIVE PRONOUNS. 
Of these pronouns there are several forms. The simplest is as follows :— 


my, ’l. our, sEa'tl. 
thy, E. your, -El—p. 
his, her, -s. their, -s, 

They are employed thus :— 
1 skwomai’, my dog. sra'tl skwomai’, our dog. 
x skwomai’, thy dog. skwomai’-xlzp, your dog, 
skwomai-s, his or her dog, skwomai-s, their dog. 


In some of the Halkomé’lmm dialects J of the first person singular becomes #/, 
This J is the m of the other divisions, the most constant and widespread of all the 
pronominal elements in Salish. 

A second, fuller, and more elegant form is obtained by adding the article, thus :— 


tEl, my (masc.), sEl, my (fem.); tE...tcit, our (masc.); sE...,tcit (fem.), our. 
tE E (masc.), sE E (fem.), thy ; tE...ElEp (masc.), sE...ElEp (fem.), your. 
tH... (masc.), SE...8 (fem.), his or her; tE...8 (masc.), sB...s (fem.), their, 


A comparison of these two forms makes it qnite clear that the so-called gender of 
the pronoun is derived from the article, there being no distinction of gender when 
the article is absent. 

A third and emphatic form is:— 


‘l-swi, my. swi-tcit, our. 
E-swa, thy. swii-ElEp or E-swiElgp, your. 
swiis (tisi’), his. swiis (sEsii’), her; swiis (yEsii’), their. 


This form is also compounded with the article, thus :— 


Singular. Plural. 
trl-swii (masc.), sEl-swi (fem.), my. tE-swii-tcit (masc.), sE-swii-tcit (fem.), our. 
t-E-swii (masc.), sE-E-swii (fem.), thy. tE swiElEp (masc.), sE-swiElep (fem.), your, 
tE-swiis (masc.) his, sH-swiis (fem.), her. t-swiis (masc.), sE-swiis (fem.), their. 


A still more emphatic form for the first person singular is obtained by repeating 
the Zafter swd. Thus, tzl-swd-l, ‘my own.’ These emphatic forms are used when 
a comparison of the object possessed by the speaker is made with some other object 
possessed by somebody else. Thus, if we are discussing the merits of our respective 
fathers, and I want to state that my father is superior to anybody else’s, I use the 
expression @ swé'uha te-l svii-l mel, ‘ my father is a good man’; or, better, ‘a goad 
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man is the father belonging to me.’ Again, I may ask to whom belongs a certain 
house; the owners would reply thus: ‘ sza'ti,’ ‘ours.’ I may be incredulous and ask 
in a doubting tone, ‘ Swdnlzp-a? ‘yours’? The reply would then come back, ‘ Swii- 
tcit,’ ‘yes, ours.’ 

The above are the regular forms, but they are properly used only when the object 
spoken of is present and visible to the speaker. Different forms are used when the 
object is present, but invisible to the speaker, and still different forms when the 
object is both absent and invisible to the speaker. The following sentences will serve 
to illustrate all these forms as they are used in Tcil’Qé/uk. 


é swé’Eka /’]1 mEm 


tE-1 mEm 7 
First person singular ’l-swii mEl my father (present and visible) 
tH-l-swii mE is a good man. 


tE-l-swil mEl 


é swé’Eka kwE mEm or mEl, my father (present but invisible) is a good man. 
é swé'Eka kw’sEl (E)mEn or mEl, my father (absent and invisible) is a good man. 


é swe'Eka ( E mE 

tE E mel thy father (present and visible) 
E swi mel is a good man. 

tE Eswa mEl 

é swé'Eka kwkl mE], thy father (present but invisible) is a good man. 

é swé’kka kw’si’ mEl, thy father (absent and invisible) is a good man, 


Second person singular 


é swé’Eka (muls 
: : tE mEls tEsii’, his father (present and visible) 
Beate Perea, SRE wae swiis mels is a good man. 


tE swiis mEls 


é swé'Eka kwE mEls (tHsii’), his father (present but invisible) is a good man. 
é swé’Eka kw’sii’ mEls (tHsii’), his father (absent and invisible) is a good man. 


The plural is formed regularly in like manner. All these forms imply that the 
speaker has a personal knowledge of the individual spoken of. If, on the other hand, 
the person were unknown to him, he would add the particle tsa or ¢0’-wa after the 
adjective; thus, é tsa swé’Eka or 6 t0’wa swé’Eka, &c. 

If the object is of the feminine gender, then, in the place of the above the follow- 
ing forms are used :— 


é sla'li/’1 tat or tel, my mother (present and visible) is a good woman. 


sb] ” ” ” ” ” ” ” ”» 

First person j’] swii 3 ” ” ” ” ” ”» 
singular SElswi _,, rH A "9 ” ” » 
SEl swiil ” ” ” ” ” ” ” 


é sla'li ts’El or s’xl tat or tel, my mother (present but invisible) is a good woman, 
» »  Kw’sal tat or tzl, 55 » (absent andinvisible) ,, _,, k 


Second person 


anew Se Aes soil a1 Rages » (present but invisible) ,, ,, i 
to} 


é sla’li ts’El tel, thy mother (present and visible) isa good woman. 
. on... Kkwsa tEl,,, » (absent andinvisible) ,,  ,, 5 


é s]a’li s’E tEls tHsi’, his mother (present and visible) isa good woman. 
LSE) see tease dee », (present butinvisible),,  ,, i 


Third person ! 
sn Gee ERISa 4p gy » (absent and invisible),,  ,, sl 


singular 


The plurals are formed regularly in like manner. Sometimes the ‘absent and 
invisible ’ form is abbreviated, Thus, I may say sxl skéq skwomai', instead of kw’skl, 
&c., my dog (absent and invisible) is black. I add another example of the use of 
these ‘ absent and invisible’ forms. Jam asked by my neighbour, as I stand at my 
door or just outside the house, if Ihave any fish. Should I possess some, I answer: 
Au-é-'kn'sul si'kwai, Yes, I have some fish. Other interesting examples of the use 
of these particles will be found in the story I have written in the kindred Kwa’ntlEn 
text below. 

This particle which marks the ‘absence,’ &c. of the object is clearly the indefi- 
nite article 2wa. As the presence of the definite article, tE (masc.), sE (fem.), marks 
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the presence of the object, so the indefinite article compounded with the locative 
adverb sé marks its absence. This is a very simple and happy device, and the 
several functions of these two articles are extremely interesting. 

(It will be observed that I have written two forms for ‘father’ and ‘ mother’ in 
the first person in the examples above, viz., tat and txl, mother, mem and mE, 
father. Of these the former correspond to our familiar nursery terms ‘mama’ and 
‘papa’; the latter are more formal, and correspond to our ‘ mother’ and ‘ father.’) 


POSSESSIVE PRONOUN WITH Verbum Substantivum. 


tla or kla 1 swii 14’lem. it is my house. 
tla or kla Rswi ,, PM ULLY:y 55 
= + swiis ,, » his or her house, 
* As sEi’tl or swiitcit ]i/lem, ,, our house. 
” ” swa’ElEp ” » your ,, 
” ” swiis ” ” their ” 


To these forms may be added the adverbial particles expressive of ‘nearness ’ or 
‘distance,’ as the object is near to or distant from the speaker. Thus :—tx é la, 
‘this,‘ ‘near’; ¢x @, or te Zé or lé ti or tx lé ti, ‘that,’ ‘ distant’; tz /é tld’'la, ‘that,’ 
‘very distant.’ 

If the person claiming the object is not quite sure whether it is his or not, in 
answer to the question: ‘Whose is this?’ he would reply ¢la té'wa ‘l smd, &c., ‘I 
fancy it’s my,’ &c. 

It is permissible to use ¢/a with any of the possessive forms; it is not confined to 
the 2 swi form only, as given here. 


SUBSTANTIVE POSSESSIVE PRONOUN. 


These forms are apparently the same as the emphatic forms of the possessive 
pronoun. Thus :— 


*1 swii, mine, sE4’tl or swiitcit, ours. 
E swi, thine, swHElEp, yours. 
swiis (tEsi’ or ses’), his or hers, swis (yEsi’), theirs. 


In like manner with the other forms, they can be compounded with the definite 
article, thus :—txl swii, &c., &c. If the object spoken of is invisible or absent, then 
the particles kwa or kw’si' are added. ‘Thus: 2 sw ka; 1 swa kn’sii', &e. 


SUBSTANTIVE POSSESSIVE PRONOUN WITH Verbum Substantivum. 


tla or kla’l smd, it or that is mine; tla or hla sed'tl or swdtcit, it or that is ours. 
op » Eswi ¥ thine; if swii/ElEp + yours. 


55 » Swis (tsi) (SEsi’), it or that is his or hers; t/a or hla swiis (yEsi) it or 
that is theirs. 


Possession or ownership is also marked in Tcil’Qé’uk at times, thus :— 


skwomai’tcil, I have or own a dog ; skwomai’-tcit, we have or own a dog. 
skwomai’-teiiq, thou hast or ownest a dog ; skwomai'tcap, you have or own a dog. 
skwomai’-s, he has or owns a dog; skwomai’-s (yEsii), they have or own a dog. 


A prepositional form is also used of the third person when the owner’s name is 


given; thus: tE skwomai’ ¢/a John, it’s John’s dog, or the dog of or belonging to 
ohn. 


INTERROGATIVE PRONOUNS. 


who? wit? or tla-wit? wit tetiq ? who are you? 

tla-wit kw’sét tE swéyil? who made the daylight? 

sagt to-wat? towit tesa’? whose is that? towit yasuk tr é la? whose hat 
is this ? 

what? stam? what is that? stam si’? what do you want? stam kwa stlé ? 

which? tk lk’tsa? or ElE’tsa? which is yours? ElB'tsa kwa swi? This last 


term, ¢z or xlztsa, is the numeral ‘one’ with the definite article or the interrogative 
yowel z added to it. 
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REFLEXIVE PRONOUN. 
self, lamot (cf. nomét of the Sk-qd'mic), 


DEMONSTRATIVES, 


tE (masc.), sE (fem.), the; tz la (masc.), sEla (fem,), this ; 
tE sii’ (masc.), sE sii’ (fem.), that ; yE si’, those 


These latter forms are generally, though not exclusively, employed to point out 
persons. When the object is other than a person the following forms are commonly 
used :— 


tH é la, this (object in speaker’s hand or quite close to him), 

tH é ti, this (object near speaker). This is sometimes shortened to tk é. 

si 1é ti li'lmm, or sé li/lem 1é ti, that house (object little distance from 
speaker). 

sé 14‘lEm 1é ti tla la’, that house (yonder in the distance), 

If object be very distant, then the last syllable Ja is drawn out on a rising tone. 

si li/lem 1é titlal ... a teak’, that house (far over there on the very verge of 
sight). 


This latter term tcék'Q appears also in such expressions as the following :— 
é-tcit teak'Q, ‘we are far off yet,’said when two or more persons are travelling 
together towards some distant point, and one asks the other how near they are to 
their destination. I cannot find distinct forms of demonstrative to mark the plural, 
The object always does this in Tcil’Qé'uk, never the demonstrative. 


ARTICLES. 


DEFINITE. 
tE (masc.), sH (fem.), the. 


I have termed this form ‘ definite ’ to distinguish it from the form hwa, which I 
have, for lack of a better term, called the ‘indefinite’ article; but neither of these 
expressions is really satisfactory or adequate. TE is frequently used where we 
should employ the indefinite article; and neither term corresponds very closely to our 
‘the’ and ‘a’ or ‘an.’ It will be seen that this article has the same form as one of 
the demonstratives. I do not feel at all certain that the particle which marks the 
noun, and gives it its gender, is identical with that which accompanies the pronoun 
and demonstratives. The common form may be misleading. If, however, one may 
judge by the analogy of the Oceanic tongues, which, it may be remarked, possess 
articles with manifold functions similar to the Salish, it may be that we are here 
dealing with one and the same particle. Speaking of the various functions of the 
article in Melanesian, Codrington remarks on this head: ‘It can hardly be doubted 
but that it is the demonstrative particle so conspicuous in pronouns and adverbs’! 


INDEFINITE AND PARTITIVE ARTICLE. 
Kna; a, some. 


The true character and function of this particle may best be gathered from the 
following illustrations of its use. I found the study of its various functions extremely 
interesting. Stam Awa stlé? ‘What do you want?’ Its employment here marks 
the lack of definite knowledge in the speaker’s mind of what is wanted. Tlawi’t 
kn’sé't tE swe'yil? ‘Who made the daylight?’ Here it accompanies and coalesces 
with the verb sz¢, ‘to make or create,’ and shows that the questioner has no definite 
knowledge of the action. ‘The same function is seen in the next sentence: SétEs 
kwa tei'tcil Si4’m tE la tEmu’q. ‘God created the world.’ The time of the action is 
indeterminable; hence the presence of ‘ma. Eln'tsa twa swi? ‘Which is yours?’ 
The function here is obvious. Wii’ts /wEls ka'kai. ‘I am often sick.’ Its presence 
here is necessary to mark the indefiniteness of the time when the speaker is sick. 


' The Melanesian Languages, p. 108, Oxford, 1885, 
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Lé wetl-kai fw’tl mpl? ‘Is your father dead?’ Here the particle merely marks 
the absence of the subject. ’l-stlé Awa ka, ‘I should like some water’; ’l-stlé Awa 
stEké’yti, ‘I should like a horse’; aui-a-stlés iva smi'yits? ‘would you not like 
some meat?’ The function here resembles that of a partitive article. Kula’/t hua 
Intsa, ‘another’; verbatim, ‘again a one. Yii'swa Awa lim tH e’lsa, ‘perhaps I’ll 
go.’ Here the uncertainty of the act is marked. Huta kn'xs lims, ‘he said he was 
going.’ Here it is the absence of the person spoken of. Numerous other examples 
will be found in the native text below. 


NUMERALS. 
Of these the simple independent forms are :— 
1, lE’tsa. 20. ts’kwé, tsEkwé’q. 
2. isa‘la. 21. ts’kwé kest (E) lu'tsa. 
38. tleuq. | The other units follow regularly 
in like manner. 
4, Hpnitsel. 30. c’lca. 
5, tl’k'haskl, s’k‘atsis, 40. HEtszElca. 
6. t’'qEm. 50. tlekslea. 
7. tsauks. 60. t’qEmca. 
8. t’ka'tsa. 70. tstikszlca, 
9. tig. 80. t’k’sElca, 
10. a’pEl. 90. tiqzElca. 
11. a’pEl kEst (£) 1n'tsa. 100. lai'tsElwEts. 
es 3 isi’la, 1000. a’pEl 1a’tsElwEts, 


The ‘ teens’ follow in like manner. 


PARTITIVE NUMERALS. 
half, suk ; quarter, stauk’; three-quarters, tléuq stauk:. 


Class numerals abound in Tcil’gé'uk. The following are examples :— 


1 man 1a'lEtsa. : 6 men t’qu’mela. 
2men ya’isila. 7 ,,  tsauksa/la. 
Boye’ waea'Ta. 8 ,,  tkéa’tsala. 
4 4, Hatsi’la, 9 ,  ta'qzEla. 
5 ,,  s'kitsa’la or tl’kitsa/la. 10 ,, a’pala. 
Routid things.| Long things. 
Canoes. Stones, &. Trout, &e. Apples, Poles, pen- 
potatoes, We. | cils, &e, 
1 ln'tsageEtl ln’tsus lz tsiuk 1Etsis ln'tsamets 
2 s4/maQeEtl isi/lus yisé’luk isu’lis ilsi‘lamets 
3 tlEqEtl _ = — — 
4 musi’tl — — = — 
| Hats. | Houses. | Trees, Blankets, &e. 
1 | lz’tsawok | ln’tsdtoq slz'tsatlp lalz'tsa 
2 | tsa’mok sE/MEtoQ sisii/tlp isi’la 
ORDINALS, 


first, yimve'l; second, titz's (ad litt. ‘next’). 


All the forms following are periphrastic, and grow more cumbersome as they pro= 
ceed. Théy ate formed on the principle of the nursery rhyme, ‘This is the house 
that: Jack built.’ Thus the ‘third’ is a phrase equivalent to ‘next-to-the-next-to- 
the-first.’ The others follow in like manner till the last is reached, which is 
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istyau'k't. In the matter of the formation of its ordinal numbers the Teil’gé’uk 
differs very much from the Kwa’ntlEn, which has specialised forms (see below 
under Kwa’ntlen Numerals). 


DISTRIBUTIVES. 


These are formed from the cardinal numbers by reduplication of the first syllable ; 
thus :— 


one to each, l&tslu/tsa six to each, t’qt’qE’m 

two ,, iyEsH’la seven ,, tsEtsau’ks 
three ,, tligtla’q eight ,, t’ktE’katsa 
fOUrme 5; HaHa’ tsEl nine ,, tEta’q 

five ,, tl’ktl’ka’tsis ten ,, a’ pEpEl 


ADVERBIAL NUMERALS. 


once, lE'tsauq. six times, t’quma’tl, 07 — ac. 

twice, sama’tl 07 gama’tl, seven times, tsauksa/tl, o7 —ag. 

thrice, tl’Qa’tl. eight times, t’katsa’tl, 07 —ag. 

four times, HiitsEla’tl, tlusmutla’tl. nine times, tuqa’tl, 07” —ag. 

five times, tlekitsa’tl, s’katsa’tl. ten times, dpEla’tl, 07 —ag. 
ADJECTIVES. 


The adjectives are of two kinds, simple or primitive, such as ‘good,’ ‘ bad,’ &c. ; 
and derivative, that is, those formed from nouns or verbs. The place of the ad- 
jective in composition varies somewhat with the construction of the sentence in 
which it is found. The simple attributive and numeral adjectives invariably occupy 
much the same position as in English. ‘hus: ‘a fine day’ is @ swé'yil; ‘a bad 
season,’ kul tem; ‘two stones,’ tsd’la smdit; ‘many hats, keg ya'lsuk, Occasional 
exceptions are found to this rule. The place of the predicate adjective is the exact 
opposite of the English. Thus: ‘my dog is black’ is shég tr ’1 skwomai’ ; verbatim, 
‘black the my dog.’ ‘The moon is bright’ is sta’té tx tl’kelts; verbatim, ‘light the 
moon.’ ‘Our house is old’ is st@'lakwa tx lilum-teit (or sza'tl lilem) ; verbatim, ‘old 
the house our.’ The pronominal adjective always accompanies its noun, coming 
immediately before or after it. 


COMPARISON OF ADJECTIVES. 
The comparison of adjectives is in Tcil’9é’uk effected in the following manner :— 


Positive Comparative Superlative 

stHth’s @ (ad litt. near good) } 
tutH'st @ (ad litt. next to good) { 
klautis tr é (ad litt. close to good). 


é or é'ya, good better § yitwe'l, best. 


The comparative is not a regular construction as in English or Latin; for, in 
addition to the expressions above, the term ywe'l is also used. This word is the 
adjective numeral ‘first.’ When this term is employed the distinction between the 
cotnparative and the superlative is a purely vocal.one. The degree of comparison is 
marked by the manner in which the word is uttered. The higher the degree of 
goodness or excellence, or the opposite as the case may be, the more the tone rises 
and the longer the final syllable is drawn out. This method of comparison is 
common to all the Salish dialects ; is indeed common to all primitive tongues. It is 
the same method little children use in their speech with one another. 


ADVERBS. 


The position of the adverb varies with the class employed. The temporal adverb 
is invariably placed at the beginning of the sentence. Examples of its syntax will 
be found in the native text. 
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VERBS. 


The verb is inflected by means of affixes and auxiliary verbs. The aorist is formed 
by prefixing the particle dx, Ze, or 72. Sometimes the first syllable of the verb stem 
is also reduplicated. The perfect is a compound of particles and auxiliary verbs 
lz... we-tl-hai ... The simple future is formed by suffixing the particle tea ot 
tsa. The particle Zz is also sometimes used in a future as well as in a past tense. 
This seeming double and contradictory usage is due to the fact that in the Salish 
tongues tense distinctions, as we understand them in English or the classic languages, 
are totally unknown. Speaking strictly, there is no ‘time’ to any Salish verb. In 
contemplating an action the ‘place’ only, never the ‘time,’ is considered. The 
action or state in the native mind is always ‘present’ or ‘ absent,’ ‘here’ or ‘there,’ 
never ‘now’ and ‘ then.’ 

This is the reason why we find the same particle marking the ‘past’ in one 
dialect and the ‘future’ in another. Eachis equally ‘absent’ or ‘ there,’ the context 
making it clear which ‘there’ is intended, a ‘past’ or a ‘future’ one. This is a 
very interesting feature of the Salish verb and explains very simply how ne or mr can 
be applied both to a past and a future action or state without confusion. It is of 
interest to note that the Halkomé'lrem dialects only, apparently, use this particle in 
its double sense. Several of the interior dialects confine its usage to the ‘future’ 
alone, while the Sk-q6’mic and some other Coast tongues employ it strictly to mark 
‘past’ actions and states. This particle is primarily an adverb of location signifying 
‘there, It is the same particle which appears so often in the Salish dialects as the 
sign of the third person ‘absent.’ The reason is obvious, 


Ka’kai, sick, 
PRESENT TENSE. 


( Ka’kai-teil, I am sick. eal ate) we ore: ate 

Singular Ka'kai-tenq, thou art sick. Plural Ka'kai-teap ou are ‘sick 
8 Ka'kai t& la, he is sick. Telkat ack: ce ‘ck 
 aveai sit la, she is sick. Fe tig RS Mt iS 


AORIST. 
1é-tl-teil-ka’kai, I was sick. 
le-tl-tetiq-ka’kai, thou wert sick. 
1é-tl-ka'kai (tEsi’), he was sick. 
1é-tl-ka'’kai (sEsii’), she was sick, 

le-tl-tcit-ka'kai, we were sick. 
Ploal 


Singular 


1é-tl-teap-ka/kai, you were sick. 
1é-tl-ka’kai (yEsi'), they were sick. 


A second aorist or indefinite past is also used, the difference in meaning between 
which and the former is not perfectly clear to me.! Thus :— 


Ka’kai-e-tl-tcil, I was sick. Ka'kai-e-tl-tcit, we were sick. 


The other persons follow in like manner. 


PRESENT PERFECT CONTINUOUS AND RESPONSIVH FORMS. 


é-tcil-ka’kai, I have been and am sick; é-tcit-ka’kai, we have been and are sick. 
The other persons follow regularly in like manner. 


FUTURE TENSE. 


Ka'kai-tci -tca, I shall be sick. Ka'kai-tcit-tca, we shall be sick. 
Ka’kai-tcuq-tca, thou wilt be sick. Ka/kai-teap-tca, you will be sick. 
Ka'kai-tca (tE sé), he will be sick. Ka’'kai-tca (yE sii’), they will be sick. 
Ka’kai-tca (sE sii’), she will be sick. 


} Since this was written I have studied the Kwa'ntlen verb. The difference there 
is due to the time of the state or action; one form is used of recent events, the others 
of more remote. See the Kwa/ntlen verb below. 
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Lam, to go. 
lam-tcil, I go. lam-tcit, we go, 
liim-tciiq, thou goest. lam-tcap, you go. 
lim, he goes. lim, they go. 
AORIST. 
1é-tcil-laliim, I went. 1é-tcit-lalim, we went, 


The other persons follow regularly in like manner, 
. | Here the verb stem is reduplicated. 


PRESENT PERFECT CONTINUOUS TENSE. 
é-tcil-liim, I am going. é-tcit-liim, we are going. 


The other persons follow regularly in like manner. 


PAST PERFECT TENSE, 


1g-tcil-wE-tl-hai-lim, I have been; ad litt. I have finished my going. 
1E-tcit-wE-tl-hai-liim, we have been; ad litt. we have finished our going. 


The other persons follow in like manner. 
The auxiliary verb hai in this compound is used also independently, and signifies 
‘to complete ’ or ‘ finish ’ anything. 


FUTURE TENSE, 
lim-tcil-tea, I shall go, lim-tcit-tca, we shall go, 


The other persons follow regularly. 


DUBITATIVE ForRM. 


yii'swa kwa liim tx e’lsa, perhaps I may go. 
yii'swa kwa liim tE lii’a, perhaps thou mayest go. 
yii'swa kwa lim (tE sé’), perhaps he may go, 


The plural follows regularly. 
IMPERATIVE, 


lim-tla! go! 
laéyil! go away ! é-kwEs-lim, ‘ you’d better go.’ 


The position of the inflectional pronoun in the Halkomé’lmm is worthy of notice, 
In Tcil’9é'uk the pronoun is seen to be sometimes prefixed, at others suffixed to the 
verb stem ; thus :—- 


kwa/kwes-tcil, Iam warm; qait-tcil, I am cold. 

tcil-ka’ka, I am drinking; tcil-ka’ka te ka, I am drinking water. 
é'tutEm-tcil, I am sleepy; ké’sel-tcil, I am tired. 

tcil-kwa’kwEl, I am talking; tcil-kal, I believe. 


In some of the Salish dialects the pronotin is uniformly prefixed, in othets as 
uniformly suffixed. The Halkomé’lum tongue seems to occupy a middle position. 
I am not satisfied that the pronoun may be indifferently prefixed or suffixed in this 
tongue. At times this would appear to be the case; but in many instances the posi- 
tion of the pronoun affects the sense of the verb. An illustration will make this 
point clear. We will suppose I wish to borrow my neighbour's horse: I say to him 
as we stand together, Aat-tcil tu stuké'yu, ‘I am going to take your horse.’ In such 
instances as this the verb root always precedes the pronoun; but if I had taken the 
horse without his knowledge and afterwards met him I should say: tetl-kot tx 
steke'yi, ‘I took your horse.’ Again, if he had missed the horse and asked, when I 
was by, who had taken it, I should answer @z-tcil-hat, ‘I took it.’ Here the particle 
lx marks the action as done formerly: I have already briefly spoken of the func: 
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tions of this particle in Halkomé'lrm.. A few illustrations of its use here will be of 
interest. In Tcil’Qé'uk its functions are not quite the same as in some of the neigh- 
bouring sub-dialects. In the contiguous Pila’tlq, for example (as in the Snanaimug 
of Vancouver Island, according to Dr. Boas), Zz or le or its equivalent ne is regularly 
used in the present tense. Thus: Jz-teil-ka'kai, I am sick, li-teit-ka' kai, we are 
sick, And the past or aorist is (é-¢-tcil-ka'kai, I was sick, lé-¢-tcit-ka'kai, we were 
sick, This is not the case in Tcil’Qé’uk. Although it appears at times in what seems 
to be a present tense and is usually translated by our present tense, strictly speak- 
ing it can never be considered as a present tense form. Even in the Pila'tlq and 
such dialects as use it regularly in the present tense forms, although the expression 
‘Tam sick,’ &c., is given by the Indians themselves as the equivalent of ln-tcil-ka'kai, 
it does not rightly express the sense of the native idiom. Its use in Tcilgé/uk makes 
this quite clear. It is more than kakai-tcil‘I am ick. For with the statement of 
present sickness is conveyed also the statement of past sickness. Lx-teil-ka'kai 
signifies rather ‘I have become sick, a state or condition which came out of the 
past, unknown to, or rather in the absence of, the person to whom the invalid is 
talking, and continued down to the present moment. It was the ‘absence’ of the 
interlocutor of the patient when the state began that brings the particle of ‘absence ’ 
here in the present tense. This is clear from the following use of it in ‘Tcil’Qé’uk, 
Thus I say in this dialect tcil-/al, ‘I believe, to any first-hand statement made 
directly to me; but if the statement was first made to someone else in my ‘absence ’ 
and afterwards told to me by another person I then say Zx-tcil-kal, ‘I believe’ Thus 
in speaking of Scriptural statements the form Jz-tcil-/al is always used. The fol- 
lowing expressions show a different usage again for this particle in Tcil’9é’uk, and 
further illustrate the change of position of the inflexional pronoun. We will sup- 
pose I have determined to go hunting. I am preparing for the task and a neighbour 
drops in and asks me what I am going to do. My answer in such an instance would 
always be: lz-teil-aha'na, ‘I am going hunting.’ Here Jz marks future action. It 
is necessary here because the action is ‘absent’ or ‘there.’ I have started; Iam in 
the forest ; another person meets me and asks: ‘ What are you doing?’ The proper 
reply this time is ahd'wa-teil, ‘I'm hunting.’ I continue the hunt; I come upon my 
game; the gun is at my shoulder; I am on the point of shooting; a third friend 
happens along at this moment and says: ‘What are you doing ?’ I respond this 
time thus: Etcil-aha’wa, ‘I am just going to shoot.’ I nave been hunting for some 
time, it may be; I am tired; I sit down to rest ; another friend comes along and 
says: ‘What are you doing?’ This time I answer, é-teil-aha'wa, ‘I have just been 
hunting,’ I have returned from my hunt; Iam met again by someone who asks, 
‘What have you been doing?’ I reply now, Jé-tl-tcil-aha'wa, ‘I have been hunting.’ 
T am at home again, and the person who first accosted me comes in and remarks: 
‘You've got back,’ I answer, le-tcil-wx-tl-hai-aha'wa, ‘Yes, I’ve finished my 
hunting.’ 

These examples bring out some of the niceties of the Halkomé’lmm verb as seen 
in Tcil’Qé'uk, and show us at the same time how /g or nE has in some dialects 
come to mark ‘ past’ and in others ‘ future’ action or state. 


Examples of Teil’at'uk Syntax. 


this house, tk é la lii/lem ; these houses, tH é la 1#li’lEm, 
that house, tE 1é ti lii/lzm; those houses, tE 1é ti 1Eli’lEm. 
that hat, te 1é ti ya'suk; those hats, tz Jé ti ya'lsuk. 
these two hats, tH é la yisii’muk or yisii’la ya'suk. 
right eye, cwitya'lus; left eye, ckwa/lus; both eyes, cwai’yElus. 
right ear, siya'lia ; left ear, c’k:wii/lia; both ears, k'wolk-wol. 
right hand, c’yé'wus ; left hand, c’kwé'wus; both hands, teltii’lo, 
right foot, c’Hyil; left foot, c’k-onyil; both feet, c'HEHYyi’l. 
one dog, 1k’tsa skwomai’ ; two dogs, isii'la skwomai’, 
many dogs, keg skwomai'. 
few dogs, au’a ke'qEs skwomai’ or qii’‘la skwomai’. 
all the dogs, muk: skwomai’. 
some dogs, skwomkwomai’, 
no dogs, aui'ta skwomai’. 
one hat, lE'tsa ya’/suk or 1n'tsawok, 
two hats, yisi’la ya’suk or si'mok, 
many hats, keq ya’suk. 
1902. oc 
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few hats, au'a ke’qus ya’suk or qii’la ya’suk. 
all hats, muk: ya’suk. 

some hats, ya’lsuk. 

no hats, aui’ta ya’suk. 

any hat (a circumlocution). 

one house, 1&’tsa 14’lem ar 1b’ tsotoQ. 
two houses, sE’MEtoQ. 

many houses, keq 1é/1Em o7 keq-auta. 
few houses, au'a ke’qus li/lEm, ad ltt. ‘not many houses,’ 
all houses, muk: 14’lEm. 

some houses, 1El4'lEm. 

no houses, aui’ta 14/lEm. 

any houses (a circumlocution). 

one stone, lz’tsus or 1E’tsa smilt. 
two stones, yisii'lus o7 isii'la smiilt. 
no stones, aui'ta smilt. 

few stones, au’a ke’qus smiilt. 

some stones, smEmiilt. 

any stones (a circumlocution). 

all stones, muk: smalt. 

many stones, keq smilt, 

one tree, slz’tsatlp, 

two trees, si'satlp. 

@ small tree, slisQr'tlp. 

a large tree, sli’sQEtlp. 

many trees, tsEk'tsu'k-ut, 

little trees, tsn’k-tsuk‘ut. 

no tree, aui’ta skat. 


These ‘tree’ forms are specially interesting, showing as they do three distinct radi- 
cals in the same dialect. The numeral form is common to most, perhaps all, of the 
Salish dialects. It is clearly an old form. 


this is John’s dog, tla swis John skwomai’. 

which is your horse? Eln'tsa kwa swii steké’yi ? 

he stole my horse, 1& la-kii'IsEs ‘1 swié sthké’yi. 

he stole your horse, 1# la-ka'Isim E swi stBké'yi. 

he killed my dog, 1E kaintEs tel skwomai’. 

he killed your dog, 1£ kaiztks E skwomai’, 

my dog is lost, 1é-é’k'Qus thl skwomai’, 

the man is walking, tE é’m&¢. 

the man was walking, 1é-tl-i-e’mx¢, 

the man will walk, le-tca-é’mE¢. 

your horse is white, pEk tH E-stEké'yi. 

come with me, mé’tla EskEka’ tla e’lsa. 

come home with me, mé’tla le tak'Q tla e’lsa, 

I will go with you, liim-tcil-tea. 

this is not my hat, liits ’] swii ya’suk or au’a tla ’] swi ya’suk. 

God made the world, gi/tEs kwa tcitcil sié’m tE la tEmuq. 

Is your father dead? 1é wH-tl-kai kwEl mE]? 

Is your mother dead? 1é w-tl-kai sEl tel? If parent be unknown to questioner 
té-wa' is added to the expression. : 

Is he coming? 6-wE-tl-ya-mé? If object be behind the speaker, who looks back 
as he speaks, then he uses the form é@-td-tl-ya-mé ? 

Are you coming ? é-teiq amé ? 

T am often sick, wii’/ts kwEls ka’kai. 

I am not often sick, au’a wiii’ts kwels ka’kai, 

They are coming now, é-autli amé’ tlalem. 

He is coming now, é-tautli ame’. 

J am striking it, é'-tcil-kwa’kwakwot. 

He lives with me, tla ’]1 (swi’l) ts’Qolmuaq. 


I have spoilt it, kElkEI(E)-16'q-tcil. In this term we see the particle nig that 
plays so important a part in the Sk-q0/mic verb under the form Jog. It does not 


ON THE ETHNOLOGICAL SURVEY OF CANADA. 387 


appear to enter so largely into verbal forms in Tcil’9é'uk as in Sk:qomic. In the 
Halkomélmn dialects it has the function of a definitive or determinative. 

As I have given a large number of phrases and expressions in the kindred 
Kwa'ntlrEn as well as some continuous text, I have limited the number here. Enough 
is submitted to show the characteristic differences in the two sub-dialects. I have 
collected vocabularies and phrases from some of the other River tribes of this divi- 
sion, but the differences between these and those here given, though interesting to 
myself, are perhaps not of sufficient importance to warrant their publication at this 
point of my studies, 


GLOSSARY OF TOIL’QE’UK. 


Terms of Consanguinity and Affinity. 


Consanguineal ties among the Tcil’Qé’uk appear to extend a generation farther 
back than those of the other tribes examined. The terms of direct relationship used 
by them are as follows :— 


great-great-great-great-grandparent, ta’miyuk- 
great-great-great-grandparent, 0’kwiuk: 
great-great-grandparent, tso'piyuk: 
great-grandparent, tsa’muk: 
grandparent, = sé'la = grand-child. 


When addressing a grandparent or grandchild the forms szs (masc.), ¢’sts (fem.) 
are employed. Grandchildren taken collectively are called mé’mets. 


parent, tEcswé' ; parents, swca’li. 
child, me'la ; children, ma’mela. 
father (speaker’s own), mim; (other people’s), tEl. 


mother 1 » tat; » Zp mel, 
(my) son (tEl) me’la ; (my) daughter (sEl) me’la. 


Sex is here indicated by the gender of the article compounded with the possessive 
pronoun 72. Children or family, mamelis; first child, su'ltla (me’la); second child, 
ti’tiss (me'la); third child, tistlgii‘les (mela) ; last child, tsra’stik't (me’la). 

Brothers, sisters, and first cousins are called by the same term, viz., skak:. They 
distinguish between ‘elder’ and ‘ younger’ in two ways. First and commonly by a 
lengthening or drawing out of the vowel when an ‘elder’ is indicated ; secondly and 
less commonly, by the addition of the term sisa’sEl or sitla’tEl, thus: sisa’/sEl tzl 
skak-, my elder brother, &c, 

Brothers and sisters taken collectively are termed s’kxla‘k' when younger, and 
sii/tlEtEl when older, than speaker, Apparently a person’s cousins were older or 
younger than himself, as his father was older or younger than his uncle, the relative 
ages of the persons spoken of not being taken into consideration. My informant 
explained it thus: ‘If my father is older than my uncle, my cousins are all “ younger” 
to me.’ 

On the death of a parent the cousinship is loosened, and cousins are thence- 
forward called sEl tEl, swilmai’tl; or, more fully, le kai, sel (fem.), tEl (masc.) 
swilmai’tl; verbatim, ‘he is dead, my swilmai’tl.’ 


uncle, cwumeElé’k'q ov sQumElé’k'Q; aunt, t’sewumElé’k'a, &c. 


When addressing them these terms are shortened to 1ék'Q. 


aunt’s husband 
uncle’s wife 

le’s wife’ ister’ F 3 Z 
sectc husband's { brother's | child, te'w=l (mase.), sté'twal (fem.), stuta’wal (coll. 
brother’s wife, smati'ktil ; sister’s husband, tsi’tatl. 
brother’s wife’s 
sister’s husband’s 


step-father ae step-son i 
er ties } ——— step-daughter f ttuqme'la. 


sQitcé’pEts o7 citca’pEtc. 


| relations, skwo’liis. 


cc2 
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head 

crown of head 
back of head 
forehead 

jaw 


chin 

tooth 

nose 

nostrils 

point of the nose 

mouth 

upper lip 

lower lip 

throat 

windpipe 

neck (fore part) 

neck (back part) 

back 

breasts of a woman 

teats 

face 

side of the head 

hair of the head 

hair of face 

hair of body 

hair of animals 

tongue 

ear 

eye 

eye-brows 

eye-lashes 

pupil of the eye 

skin (human) 

skin (of animals) 
(literally 


skin-his-the-deer, 
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CORPOREAL TERMS. 


sqai yus, 
k-éEk-uluk, 
tE’psum. 
kw0o'muls, 
sumkai’/Etsum or 
sumqai’EtsEl. 
slEpai’EtsEl. 
yeli’s. 
mu’ksil. 
slEk'wE']’pksil. 
spgo’ktsil. 
tsa’tsEl. 
stletla'itsEl. 
stlEpai’EtsEl, 
c’wlsis. 
ko’koktlitl. 
skwe’ltlitl. 
tE'psum. 
stlu’kawitl. 
stlukwé'lis. 
cuma’. 
tsEa’tsus. 
swé’Ela. 
mi’/keEl. 
kwélié tsEl, 
kwé’los. 
tsa'i. 
to’qtcitl or to'qcis. 
kwol. 
ku’lum. 
tsa'mEl, 
tlu'pEtEl. 
k-éqf'los. 
kwElo’. 


chest 
stomach 
heart 
lungs 


bone 
hand 
finger 

first finger 


thumb 
elbow 

leg (whole) 
thigh 
lower leg 
ankle joint 
foot 
toe-nail 


arm 
arms 
finger-nail 
little finger 


shoulder 


knee 
knee-cap 
ankle 
toes 

big toe 


kwElo’s tH smi’yEts 


smiyEts 


= deer; under this term all the larger 
quadrupeds are included). 


se'lis, 

koe'la. 

tsa’la. 

slakoemii’la, spE’1E- 
Qom. 

sam. 

tea’lin, 

slu’qtcis. 

mutase’mE] = 
‘ pointer.’ 

mokwa'multcis, 

somkwila’qil. 

sqE’la. 

spEta'lEp. 

coHwa'qyil. 

spusokHyil, 

ts’ke'Hyil. 

k'woQqul’Hyil 


ta'li. 
tElta’li. 
k‘woqtoltcis. 
tsasik'ta'latcis = 
‘youngest.’ 
cwélamila = the 
carrier, 
skEpa'lsitEl. 
kepa'lokHitEl, 
kwo'moknyil, 
slu’kHyil. 
mokwa/melkHyil. 


Terms applied to the principal Animals, §¢., known to the Teil'aé'uk. 


ant (Formica sp,), yha'ishm, 
bat (Vespertilio subulatus), péetspasHli’kEl, 
beaver (Castor canadensia) s'kElay’, 
bear (Ursus americanus) (black), spats. 


” 
” 


horribilis) (g 


bee (Apis sp.), sisEmai’a. 

» (bumble) (Apis sp.), mo’kmok. 
butterfly (Papilio) (all large kinds), sksqa’. 
(white), pépEk‘aiii’sa. 


” ” 
»” 


(medium and small-sized), dpai’EsEl. 


(brown), kwhye’uq, 
rizzly), kwétcil, 


crow (Corvus caurinus), spEpEta’l. The sound uttered by these birds resembles 
the sound of the word skak = ‘brother’ in Tcil’g9é’uk. They believe he is 
trying to claim relationship with them when he cries skak ! skak ! 


chipmunk (Zamias striatus), pi'tsiya. 


cougar, panther (Felis concolor), cwo'wa, 
crane (Girus canadensis), smo'k'wa, 
deer (Cariacus columbianus), k Vkti'la. 


duck (Anas boschas), mauq. 
dog (Canis sp.),skwomai'. A native species was formerly bred for the hair, which ' 


was woven into blankets, &c. 
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eagle (Haliattus leucocephalus), spa'kus, 
ef ay sp.), Skwileq. 
elk (Cervus canadensis), kaiyé’rtc. 
flea (Pulex irritans), ta'tetlkm., 
fly (Musca domestica), Qoqwia'ya. 
Pe 1 sarcophaga sp.), qoQai’a. 
frog (Rana sp.), pépaho'm. 
goose (Anser sp.), k-wome'lakel, aq. 
ground-hog (Arctomys caligatus), skwé' Eka, ) F 
grasshopper (Caloptenus sp.), kiikawaté'lu, Name refers to the strident noise the 
insect makes. 
” as tsatsaklé’m ; from tsa’klem: to jump, hop, 
hawk (Accipiter sp.) (large), Humqé'mEls. 
4) rr (small), HéqEmgé’mEls. 
“p : , sé‘kElEtc. 
horse ( Zquus sp.), stEké'yt. Introduced since the advent of the whites. 
jay (blue), Cyanocitta stelleri), kwii’s. 
kingfisher (Ceryle alcyon), ts’tcili’. 
lizard (Lacertilia), sryia'H. 
oolachan ( Thaleichthys pacificus), swé'Ewa. 
otter (Lutra (Lataw) canadensis), skit’. 
owl (Asio accipitrinus), tcié't’muq,. 
pigeon (Columba fasciata), hama’. 
rabbit (‘jack’) (Lepus americanus Washingtoni), sknkiwii'ts. 
rat (Mus sp.), haut. 
robin (Merula migratoria), s’kikoka’q. 
raven (Corvus corax principalis), skau'Eks. 
salmon, ‘spring’ (Oncorhynchus tschawytscha), swé'itcel. 
of ‘sockeye’ (O. Werka), su'k:ai. 
a ‘silver’ or ‘cohoe’ (0. Kisutch), ko'kwats. 
La ‘dog’ (0. Keta), kwa'loq. 
3 ‘humpback’ (0. Gorbusca), ho'lia. 
. ‘ steel-head’ (Salmo Gairdneri), ké'uq. 
of trout (Salmo sp.), k‘dsé’tc. 
sturgeon (Acipenser transmontanus), skwa' witc. 
snake (Coluber Lin. sp.), E'tlkai. 
snipe ( Gallinago sp.), skiisi'a. 
spider (Aranea sp.), kusku'sitsEl = ‘the weaver,’ from kai'sitsEl = to weave. 
swan (white) (Orlor columbianus), cwo'ktl. 
seal (hair) (Phoca vitulena), i/cun. 
trout (speckled) (Salmo sp.), stEqa'tc or sEHa'ts, 
» (white) »  Sslau’kwEts. 
weasel (Putorius erminea), cletsa'm. 
wolf (Canis lupus occidentalis), tEkai'ya. 
woodpecker (Picus) (large red-headed), tEme’ tlepsEm. 
s »» (medium-sized), tsék-’t, 
4 » (small red-headed), sHiik. 
a » (small), tsu'tEm. 
wild cat (Lyna fasciatus), s’k’tsa’mEs. 
wren (Troglodytes domesticus), ta'mia. 
7 4 hiemalis), % 


Glossary of the Commonest Terms used in Tcil'aé'uk. 


able, can, katii/sto. admit (to), kwotau’Ht. 
able, I am, katii'sto-tcil. I admit, kwotan'Ht-tcil 
above, tci'tcitl. adopt (to), sk‘Omé’tl 
abuse (to), kEli’tEs. I adopt, sk‘dmé’tl-tcil. 
I abused you, kElatsa’ma-tcil. ‘my adopted child,’ ’l sk-omé’tl. 
ache, pain, sa’im. advice (good), sé'wzs. 
my head aches, sa/im tel sqai’yus. advise (to), ai’yat o7 yit. 
across, tii/kwEl. I advise you, yiit-sa’ma-tcil. 


admire (to), tci'lEmit, I will advise you, yiit-sa'ma-tcil-tca. 
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This 


afternoon, le hai tHq swéyil, or lailau 
tEq swéyil=‘ the midday is ended or 
past.’ 

again, kEla’t. 

aid, help (to), mét ov mait. 
I will help you, mait-sa’ma-tcil-tca. 

aim (to), ma’‘it. 

air, breath, spa/lzQqom. 

alder tree (Alnus rubra), Hé'tsElp. 

all, muk-, 

alone, wEhihi'ya. 

always, s’tEa’, wii'ts. 

amusement, fun, é’yis. 

anchor, mEsé/iltEl. 

anger, sta/iyuk:. 

angry, mad, smi/mitsEl. 


animal, smi’yits = ‘deer,’ sometimes . 
‘bear.’ 
kela't kwa lz'tsa = again a 
another one. 
tE lz'tsa = the one. 


answer (to), laHtH’lukut. 
I answer, laHtElpkut-tcil. 

anybody, muka, 

apple, kwHa'p. 

apple tree (Pyrus sp.), kwE4'pEtlp. 

approach (to), tEsh’tsut. 
I approach, tHsh’tsut-tcil. 

arise (to), Qi’/liH. 
I arise, Qi/liH-tcil. 

arouse, Qit. 
I arouse, Qit-tcil. 

ashamed, qhé'qa. 
I am ashamed, qué’qa-tcil. 

ask (to), pu’timit and pEtii/mit. The 
first form with accent on first syllable 
is used when one is going to ask 
some unknown person; the second 
when the speaker has in mind the 
person he is going to ask; thus, 
pEta’mit-tcil-tca, Captain John, Pll 
ask Captain John (when I see him); 
but p8’timit-tcil-tca, I'll ask some- 
body (when I get there). 

asking, ph/tEm, pEtE/m. 

astonish (to), liwi’tl. 

astonishment, sliwii’tl. 

ashes, embers, cwéb’koila. 

ashes (dead), yi'stEl, cwEyistEl. 

autumn, tEm héli’lun, 


season was marked among the 
Tcil’Qé'uk by the departure of the 
salmon. 


awl, stl’kau’itEl. 
axe, s’k'wo/kum or k'wo/kum, 


’ 


bad, k'El. 
bail (to), sé/ltcut. 

I am bailing, étcil-sé/ltcut. 
bailer (instrument), sEtltzl. 
bait, ma’la. 
bake (to), sk'wo'lEm, 
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bark (to), kla'wals. 

he barks, kla’wEtEs. 
bark (of tree), pelié’ wus. 
basket, si/tEl. 
beach, élié’tsEl. 
beat, thrash (to), kwa'lekwairtl. 
beautiful, é’E, é'yE. 
be born (to), kwal. 
bed, cwa'mut, cwe'tut. 
beg (to), liksma’meEl. 
below, down, k:lep. 
below or down stream, tlrtla’s. 
belt, cwi/umtEl. 

., f tsi’listhl, tsiltcimel. 
bench, chair ewtsi/litstEl. 
bend (to), pa’it. 

I bend, pa’it-tcil. 
bent, erooked, spa'pi. 
berry, tsém. 
beware (to), kwa/kwElEH. 
big, large, great, héq. 
billow, ya’litca. 
bind up (to), qokweé’wEt. 

I bind up, qokwe’ wet-tcil. 
birch-tree (Betula sp.), si'komi. 
bird, miiq or mauq = (duck). 

» (small), humaq. 
bite (to), k-é’kwut. 

» (a), k’é’/kwom. 
bitter, si’sEqum., 
black, skéq. 
blackberry (trailing)  (dtibes  sp.), 

sko'Imoq. 
blanket (native), sw6’kwatl. 
» (modern), sze’tsum. 
bleed (to), tsaluk"hom, 
bleeding, tsi'lgom. 
blind, k‘é/Equs. 
blister (a), kuts&’m. 
my hand is blistered, kutsa’m txl 
tea'li. 
blood, tsii'tsizl. 
blow (to), p’at. 
blow ! pa’t-tla ! 

I blow, pa't-tcil. 
blue, smEts or cm#ts. 
blueberry ( Vaccinium sp.), li'tcélEte. 
blunder (in speech), mElmElai’¢El. 

I blundered, mElmelai’¢xl-tcil. 
blush (to), sew! mel, 

she is blushing, etemEkwi’ rh 
blunt (of tools, &c.), kEl-ii’ts. 

nt OF poles, &e.), krl- -ii'suks#l. 

»» oF pointless, th/mkwokskl, 
boil (a), sk-w6tsum. 

» (to), stlatkwum. 

the pot’s boiling, le stlatukwum. 
bold, brave, simigol. 

I am a brave man, 

swé/Eka. 
bore (to), calt. 

I bore, calt-teil. 
borer (instrument), cElEWE'tItEl. 
borrow (to), tcx’tlta, 


simiqol-tcil 
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both, yisil(&)-tcit. 
we'll both go, yisil(E)-tcit-lam-tca. 
bottle (modern), cwHlaimi’la. 


» (made from salmon skin), 
ewilksi’la. 
3» (made from sound of fish), 
Higola'wa. 


in (made from bear-gut), k'u'k’é 
ewilEsa’la, 
bottom, ci’ Etcilits. 
bought, nz-si'tla. 
I bought, n&-sitla-tcil. 
bow (to), 1é’akwusum. 
I bow, 1é/akwusum-tcil. 
bow (a), to'qwiitc. 
bowels or guts, k-uk’é’. 
bowl, cka’/kElum. 
box, k-wa’k-ga. 
boy, swérka’tl. 
boys, w6Eka'tl. 
braid (to), temz’Ht. 
branch (a), tsai'qt. 
bread, sEpli’l. 
break’ (to), (strong Hee &c.), tuk'9. 
» (wood, &c.), luk-a. 
» (or split into two flat things), 
puka. 
» (or split round things), suk-q. 
split it into two! puk-watla ! 
break up, destroy, krlkEleé’lt. 
breathless, winded, tl’stcéastcEl. 
bridge formed from small log, ciita’tEtl, 
by big log, cita’tl. 
bright, dazzling, klau‘Ekum. 
bring (to), mi’stuq. 
» back (to), k-h’Istoq. 
I will bring it, k-E’lstoq-tcil-tea. 
broken, spEpé’uk. 
brush, auqtel. 
buck-skin, &’qrlkEl. 
build (to), sea’tiom. 
bundle (a), tsé’um. 
burn (a), tsak-. 
9 (to), yu’kut. 
burnt (an object), yuk'q. 
burnt up, sKq. 
bury (to), pilt. 
bush (small), Qi’QEl. 
» (big), tsu’tsakut. 
button, stlukrln’stel. 
button-hole, stli’tluk#lEsté'la. 
buy (to), é'lukut. 
he is buying it, é/lzkuls, 
by-and-by, Qoa’tsia. 


call (to), tam, 

calm, quiet, slén/k-wEl, 

can, able, kati’sto. 
I can, kata’'sto-tcil. 

candle, slucyEl yéEkwéyil, or shortly, 
slug yéEkwéyil = marrow of the thigh 
bone. When the natives first saw 
tallow candles they thought them to 
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be sticks of slucyEl, or marrow, and 
attempted to eat them, hence the 
name. 
cane (a), kwElké’lum. 
canoe, slukwE'tl. 
camp, k‘E/lEmEl. 
careful, tsEhé’tsut. 
I am careful, tsrhé'tsut-tcil. 
carrot, Hia’wEk (name of a native root 
resembling a carrot). 
carry (to), kwilii't. 
carve (to), Qdé’tsi. 
carving (a) portrait, Q0é’tsi. 
cast, throw (to), lEmi’Istoq. 
catch, take, kot. 
cedar (Zhuya gigantea), HApai. 
cellar (or root-house having sloping 
roof), skautsi’la. 
5, (native, a hole in the ground 
with flat roof), skwamii’la, 
certain, sure, sEé’t, kal. 
chair, tsi'listEl, tsaltcimEl, cutsa’lits trl. 
change (to), éyii/kut. 
charcoal, p’Etst. 
chase (to), run after, ai'sttm, wawk’t= 
letEm. 
cheap (to buy), sE/miya. 
» ~ (easy to acquire), li'luk. 
cheat (to), éhai'rluk. 
chew (to), tsi. 
» it, tsat. 
chief, sia'm. 
45 (war), sta'Imiq. 
chiefs (collect), yEsia’m. 
two chiefs, siyéi’m. 
child, slé‘liketl. 
chip, tr/m#&l, k:o'k-mél. 
choke (to), by external pressure, 
kwumtla'It. 
+ by swallowing, tuk-o€lEs, 
I am choking, tuk-Qé’lkEs-tcil. 
he’s choking, le tuk’Qé’I#s (tE tsa). 
chop (to) with axe, ta’kwels. 
chop or fell a tree, ya’kut. 
he’s chopping down 
ya'yEek'uls. 
cinders, paié'te’p. 
circle (a), stEli/k-u. 
clay (pipe-clay), stau ‘ok. 
clear (of water), laqai’yim. 
4 (of sky), luk-auk:. 
climb (to) (a tree), k-wé. 
» (amountain); k-we' Eke]. 
close, tiisu’tsut. 
come close, mé'tla tEsu'tsut. 
cloud, ewatsitEl. 
coffin-box, sinii’/kwa. 
cold, qaitl qait 
comb, slitsé’mEl. 
come (to), mé. 
4, arrive, tatcil. 
I am come, tcil-iitcil 
companion, comrade, sié’ya. 
compassion, pity, tso’/kamit, 


the tree, 
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compel (to), tcn’cit. 
I will make him go, tcr’cit-tcil-tca- 
lam. 
contest, race, 4'wiltel. 
consider, recall (to), hi/kwilis. 
cooked, ripe, kwel. 
corpse, spilakwé'tsa. 
cottonwood, tcEwo'lp. 
crab-tree, kwkap. 
crooked, bent, spa'pi. 
very crooked, spi'pi. 
crush (to), klérk”’t. 
crutch, staff, k-au’a. 
cruel, kulit. 
he is a cruel man, 
swe'ka, 
cry (to), qim. 
current, leqd'm. 
cut (to), kli’tsut. 


kula'tEs tz 


dagger, cima’ tistEl. 

daily, every day, mok: sw#’il. 

dance (to), skwaié/lin, métla. 

dancer, lukskwaié'lin, luksmé’tla. 

damp, tcii’/tctcum. 

dark, tsiit. 

darling, dear (applied by a mother to 
her baby boy), éyr’sik. 

(applied by a mother to 

her baby girl), éyxEs. 

dawn, m&tii’ wil, mitii’/tuwil. 

daybreak, luksa‘lawil, méwa'wiyil, 

mEweé’yil. 
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day, swé’yil. 
decayed, pa/kwitsEt. 
deceive (to), ké/kEliik. 
deceiver (a), likské'kElik. 
dead, ska'kai. 
deaf, klu’k-wila. 
deep, lii'stlep. 
deer-hide, ii’qElkEl. 
descend (to), klnpé’l, 
descend (to) a flight of steps, ci’tlxpel. 
desire, wish (to), stlé. 
‘I want some water,’ ’l-stlé kwa ka. 
‘I want to drink,’ tumétltHl kwa ka. 
‘I’m dry,’ skakelectcil. 
destroy, break, kElkElé'lt. 
devour, li’piyhum. 
difficult (to do), k:lé. 
different, lits. 
dig (to) with the hand, HaukQé'ls. 
i »  @ Stick, &c., skii'luq. 
dim, stla’tli, 
dirty, supgq. 
* dirty-face,’ su’pqos; a nickname. 
disappear (to) sug, le sua, ‘he’s gone.’ 
suQsuQ-tcugq, you disappeared. 
suQsuQ-tcil, I disappeared. 
dish, trough of cedar, skwe'lstEl. 
dish (small) of maple, kam6'molp 
latsEl. 
dish, héq 1a’tsul = big plate. 


disappoint (to), milk, 
you disappointed me, melkxlsi’tl- 
tceuq. 
I disappointed you, mulkasi'ma-tcil. 
discover, find (to), sukElau'q. 
I found a gold mine, le-tcil-sukElauq 
tk gold mine. 
distribute (to), 4’um. 
I will distribute it, ii’/um-tcil-tca, 
dive (to) lu’'kEm, 
diver (a), lukElu’kEm. 
diviner, seer, u'lia. 
dizzy, sE’lus. 
door, cit’ kEtEl o7 ciitn’k’ tel. 
down of geese, &c., skai’yus. 
drag (to), Qo’'k-wkt, 
dream (coherent) u'lia. 
»» (incoherent), ulu’lia. 
s, ‘totem,’ su’lia. 
my dream ‘ totem,’ ’] su‘lia. 
drop or fall down (to) of person, tsulk:, 
” a of object, wh’ tsutl, 
drown (to), kwoss. 
he’s drowned, kwoss kwEsii’. 
drum (a) made from skin, kwii/tqum 
k-awi't. This instrument was formed 
very much like a tambourine. 
drum, board and stick, kawi't. 


each, t& letsa =the one. 
earth, temu'q. 
eat (to) etltEl, li’pik. 
he is eating it now, le ci'lpikEs o7 
li'pikEs, 
easy (to get), li’luk, 
echo, swilwiai'liim. 
eddy, titz’m. 
elder tree 


(Sambucus racemosa), 


kwai’kelp. 


enemy, cEmii’l. 
enough, hai. 
I have had enough, or I have finished, 
tcil-hai. 
enough, lots, muk, 
muk-tcil, I have lots. 
enough, lets =‘ no more.’ 
escape (to) of an animal from a trap, 
sEwe’lks. 
a of a man or slave, k‘lé’a. 
evening, Qulal’EIlt. 
expect (to), kokwo’tskwots. 
I expect, kokwo'tskwots-tcil. 
extinguish, put out (to), tlu’kwilt, 


fade (to), é’k-wom, 

fall (to), hé’lem, 

fall, stumble (to), tsElk. 

famine, tEm kwa/i= hungry time. 
I am hungry, kwa'kwai-tcil. 

far, tcaq. 

fasten (to), ké'sit. 

fat, las ov los. 
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fear, sisi. 
I am afraid, sisi-tcil. 
fearless, aua si'si-tcil = no fear I. 
feather, celts. 
feel (to), kutqEt. 
fell (to) a tree, ya’kut. 
ya’yrkuls, ‘‘ he’s felling a tree.’ 
fern (Pteris aquilina), pita/k'um. 
fern root, ,, cy saak. 
fight (to), aitEl. 
file (a), sa’mEls smiilt=a gyrinding- 
stone. 
» (to), hai’Ekult. 
fill (to), lEtsut. 
find, discover, sukElauq. 
I have found a gold mine, le-tcil- 
sukElauq tE gold mine. 
finish, complete (to), hai. 
fir (red), 1a’ixtlp. 
», (white), talq. 
», (Douglas), kok: wa'iyélinyutlp, 
fire, hai’uk’. 
fire-place, swa/Ekoila. 
firewood, ci’itl. 
fire-drill, cii’lcEp. 
make a light, cii'lcEp-tla. 
fish (to), sa’tsak-wai. 
I am fishing, é-tcil-sa’tsak‘ wai. 
fish, sa’kwai. 
fish-bone, s’q’walis. 
fisher (a), su’k‘sak: wai. 
flame, cwa'tEkum. 
flat, lek-é’lup. 
flesh, slé’uq. 
float (to), pEpa’k‘a. 
flood (a), ttm kaka = water-time. 
flow (to), 1EHO'm. 
flower (a), spii/kum. 
fog, skw6d’tum. 
follow (to), tciElat. 
tciElat-Es, he’s following after, or 
he’s coming behind. 
food (ordinary), se’tltEl. 
», _ (left over from a meal), ské/lim. 
ford, cuksuksaqom. 
fragrance, éya/lukup. 
freeze (to), pé’witEm, 
fresh, qaus, 
finger, élu'qEl. 
fun, amusement, é’yis. 


gamble (to), 1élahii'l. 

I gamble, lélahii’1-tcil. 
gambling-stick, sleha’1. 
gather, collect (to), k-epu't or k’pu't. 
ghost, spirit, palakwé’tsa. 
girl (little), smlia’tl. 

» (young), k:ak:a/mi. 
girls (little), sisr]i4/tl. 

» (young), k-ak‘a'lami. 
give (to), akwust, ii’am, sisyu’qtca. 
glad, héluk:. 
gloomy, ke’lus, 


glove, tskwa'lEtsa. 

good, 6, é’yx. 

good-bye, lema’wus. 

grass, sa’QE]. 

great, large, big, héq. 

greedy, Q0’mutsEl =‘ quick mouth.’ 
green, skwali. 

grind (to), sharpen (of edged tools), 


yu’kust. 
groan (to), d’Elsut. 
» (a), a’lsut. 
grow (to), tsé’sum. 
group, sk‘Eké’p. 
grumble (to), kokwElkwilen. 
you are grumbling, kokweElkwi- 
lemtcuq. 


guide, direct (to), 6'wEs, 
guide (a), é’wEsaiH. 
gum, pitch, kwé’Eq. 


hail, sk'ik'was. 


Term has reference to noise made by 
the hail falling on their roofs. 


handsome, aiya’mi¢. 
hard, k:liq. 
harden (to), k:1EQE’t. 
hark, 10’HIJElim. 
harrow, rake, sqék‘apé'lzp. 
hat, ya’suk. 
hats, ya’lsuk. 
hate (to), Hé’qEtsEl. 
I hate you, Hé’qntsElmEsi'ma-tcil. 
he, him, totla, tEsa’. 
heal (to), &’yElunt. 
healer (a), &’yEluHtsami¢ 
hear (to), tsatsklim. 
heavy, Q0’tus. 
help, aid (to), mét o7 ma’it, 
I will help you, mait-sii’ma-tcil-tca. 
helper (a), mé’tEl, 
hemlock-tree, mElEME'Itlp. 
hiccough (to), hi'kxtl. 


This term has a suspicious resem- 
blance to the English; this is due 
simply to the fact that both are 
imitative of the sound. 

hiccough (a), s/hi’kEtl. 
hide (to), kwikwii’l. 
I am hiding, kwikwii'lstcil. 
f an object, kwiilin, 
hill, skwakweEp, sma'mElit. 
hire or engage a person, yi/k'mEt. 
I will hire you, yii’k-mBt-si'ma-tcil- 
tca. 

hold (to), kwili't. 
hole (round), skokwil’. 

» (Cong), skoqwé’t, 
hollow, cwo'tkoal. 
hook (fish), tlu’k:QtEl. 
home, cwamEts. 
homesick, tatakwk’lmEl. 
hop, jump as a grasshopper, tsi’/klem. 
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horn, tsé'ctxl. 
hot, warm, kiakwus, 
house, 14/lEm. 
houses (collect.), lela'leri. 
row of houses, stEla’uta. 
house (small), 1é'lEm. 
howl (to), kau. 
» (a), Sk-au. 
huckleberry, ska’la. 
hug (to) around the body, ka'lawEt. 
A around the neck, ka’lust. 
hurry (to), Qom = quick, sharp. 
hunt (to), large game, kutl, ahii/wa. 
Es small game, é'kwalaH. 
husband, swii/kuts. 
When addressed by wife she calls 
him /au. 


I, tz elsa. 
ice, spé'a. 
Indian, Qu'l’miq. 
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laugh (to), léyEm. 
laughing, 4lé’lium. 
lay oneself down (to rest), tla’kasut. 
lazy, s’O'mit. 
he’s lazy, s’0’mit, to'tla. 
a lazy boy (little), sama'mit. 
you lazy bey, sama’mit-tcuq. 
leak (to), pépoq, skuEla’tsyuq. 
It’s leaking, pé’pagom. , 
leaf, tsa’tla. 
lean, thin, stits. 
leap (to jump over), tsatlamits, 
learn (to), talt. 
learning, taté’il. 
a instruction, sé’wEs, 
learned, th'luq. 
leather, kwe'lo. 
leave (to go), a'iyil. 
; le-tcil-a’iyil. 
Tam going QEtl-lam-teil. 
lend (to), tsu'lta. 


length, stitutl. 


infant, ska’kEla (collect., ha’keEla). 
instruction, learning, sé/wks. 
interpret (to), Qé/tsEKEl. 

invite (to), am. 

itch, tla’tlEts. 


jealous, taiq. 
joke (to), skokwElak. 
I am joking, skokwElak-tcil. 
journey (to), lskii1ekeEl. 
e (a), lEkaé'lekel, 


jump, hop, as a grasshopper, tsi’klem. 


‘ keekwilli-house,’ skEmpr’l. 

keep (to), kwila’t. 

kettle (of basketry), sk‘au’stEl. 
» (of wood), scEma. 

kind, k-wa'kwel. ° 


Literally this term means a ‘fathom! 
or the span between the out- 
stretched arms of the average man 
from the tip of the second finger 
of one hand to the tip of the cor- 
responding finger of the other. 
The intermediate lengths are the 
2 fathom, called sli’magul tx tatl, 
and the 4 fathom, called skutwé'lis 
te tatl. These are respectively got 
by bending one forearm towards 
the chest and measuring from the 
point of the elbow across to the 
tip of the finger of the other hand 
as before, and by putting one 
hand to the centre of the chest 
and measuring from this point 
to the finger of the other out- 
stretched arm, as in the other 
instances. 


kiss (to), mu/kwetsEl. 


» (a), smu’kwetsEl. level, smooth (of the ground), luk‘é’lup, 


knead (to), tsa/ium. éye'lup. 
kneel (to), skutlqiim. liar, cima’tsilkel. ' 
knife (small), sla’st’sEl. lice, mi/qtsEl. 

»  (Carge), tla’tstEl. lick (to), tsé’mEt. 

» (pocket), hé’he Ek=‘ breaking’ lie down (to), a’qEts. 

knife. life, cié'yEs. 

knit, sta'tiknl. lift up (to), Qu’lin. 
knock (to) at a door, kwa'kwotsEn. light (daylight), sta’ti. 

» (to) or strike, kwd'tEsEm, » (of moon), sskwEuHyis, slz’kelts. 
knocking (a), kwa'kuakwels. » (of stars), ciman’ka. 
know (to), tlikn’ligq. » (of torch), sla’/kut. 


» (of weight), Qa’Qa. 
lightning, qElu’k't. 
line, s’té’Hyum. 
litter, rubbish, skn’lmp. 
little, small, imé’mEl. 
live (to), ai’yilaH. 


ladder, skwé’tEl. 

lake, qa'tca or Ha'tca. 
lame, kakaHyil = sore foot. 
land, earth, temn’q. 
language, skwEltEl. liver, tsu/lEm. 

lantern, torch, sli’kut. log (in the forest), s’yii/uk. 
large, big, héq. » ( 4 water), kwntla/i. 
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logs, kwntlkwstli. 
», a jam of, s’tuk-tuk:. 
lonely, hi'hé. 
lonesome, stiité’l. 
long, k'lak”’t. 
lose (to), é’k-Q. 
loud, luks¢é’akEl. 
lover, ts’a'i, si’ya. 
lump (a), skwamdq. 
lungs, spE’1EQom. 


man, swe’Eka. 
men, siwé'Eka. 
maiden, k’’a'mi. 
maidens, ka'lami. 
marrow, slucyEl. 
make (to), sét, gét. 
maker (a), in course of formation, tE 
swas siai’s=verbatim, the his work; 
when task has been performed, le hai = 
verbatim, he has made or finished it. 
maple (white) (Acer macrophylium), 
k-Em6’etlp. 
»  (vine)(Acer circinatum),si'tsElp. 
married man, sé’atcik [swé'ka]. 
5 woman, swa’wakuts [sla'li]. 
mark (to), qatst. 
marsh, luqma’mElits. 
», (cranberry), ma’kwom. 
mask, sQoi’EQé or sqoi'Eqi. 
mat (for bed), sla’QEl. 
» (for floor or seat), tla’kElstl, 
cutla’k'ElstEl. 
match, cu'lcEp = name of an old native 
fire-drill. 
cu'lcEp-tla! make a fire or light ! 
mate, sk‘a/hyil. 
me, tE elsa. 
mean, slalts. 
measure (to), ciéQurlé’mEls, 
- (a), QelEm. 
meat, smi’yits. 
medicine, stelmiiq. 
meet (to), ifcoming from same starting- 
point, k-a’k-a'tel. 
» if coming from different 
starting-points, liik‘smastzl. 
-melt (to), from action of sun, yét. 
” 49 st fire, yé'tEt. 
mend, patch (to), powé’t. 
message, ya'tsélmm. 
midnight, tuk slit. 
mind, skwi'lawil. 
mine, ’1 swii, th’l swi. 
miss (to), ukwEliq. 
mistake (to), mElmEl. 
» (a) (in speech), mElm#lai'cul. 
mix (to), mu'lekwot, 
mock (to), l6qoha’kut. 
moccasin, stli/kEHyil, skH/lnHyil. 
moon, skwE‘Hyiis, sleki’lts. 
morning, li’tutl or 14’/tk¢. 
come in the morning, mé’teugq la’'tEtl, 
or shortly, li'tutl-teugq. 
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morning star, wawié'l-kd'asxEl. 
mound, heap, skwa/kwEp. 
mount (to), tsHé'lmm, 
mountain, sismi'It. 
move (to), taiH. 
5 some part of the body, 
slowly, kai’Eqsut. 
” all parts of the body, quickly, 
kwEk'lutsut. 
i, from place to place, sila’latl, 
te’ téekEl, 
much, many, kaq. 
murder, kwii' los. 
murderer (one person only killed), 
kwa'los. 
murderer (several persons killed) kwil- 
; kwii'los. 
muscles, klué’mEl. 


naked, tlawé’tsa. 
name, skwiH. 
narrow, kwaé’Ek’s, 
near, next, stEth’s, titn’s, 
needle, pe'tstHl. 
needy, poor, s’tEsa’s. 
net, swE’Itzl. 
next, s’patlé/nk; verbatim, none be- 
tween. 
night, slit. 
no, au’a. 
not, au’a. 
none, aui’ta. 
noon, tuk swé’yil. 
now, tla, ki‘is. 
Just now, kiis. 
nut, s’¢é‘tsum. 


offer (to), a’/kwEt, sa’tust. 


My informant told me the latter 
term was not true Tcil’9é’uk but 
Snanaimo; but as Snanaimo is 
a Halkomé’lem dialect we may 
see in the term a/kwEt an origi- 
nal Tcil’Qé’uk word. It is likely 
that many old Tcil’Qé’uk terms 
will be found in my collection. 


old, cia'lnkwa, 

old man, cia'lEkwa (tE swé’ ka). 

old woman, cia/lEkwa (sE sla/li). 

orphan, we'lem. 

outside (of anything), sut’lka’lawetl. 
»  (adoor), sut’lka'tsEl. 


paddle, k'u’mel. 
pail (water), ckim, skwa'wEs. 
pain, ache, sa/im. 

my head aches, si’im tEl sqai’yus. 
paint, cii'tlkuls. 
paint (to) a picture, &c., Qdé'tsi. 
parents, cwi'li. 


job) 
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pass (to), yEhé’ls. 

patch, mend (to), powé’t. 

path, trail, kyaktl. 

paw, ts’ké’tsis. 

pay back (to), what has been borrowed, 

lau’ wilitc. 
pay (to), ka’wetltzl. 
peel (to) bark, &c., Hi’ pit. 
» 5, roots, &c., Hipa’lst. 

peep (to) through a hole, tsé’tsrkus. 

from behind a tree, &c., luk- 
wi'lewil. 


” ” 


penis, ci’la. 
people, misté’iiq, th m’sté’yiiq. 
perhaps, ya’'swa. 

perhaps I’ll go, yii/swa, kwa lam tz 

elsa, 

perish (to), tEkQn’tlsxtl. 
pipe-clay, stau’dk:. 

stétaudk’ = place where the clay is 

found. 

pitch, gum, kwé’ xq. 
plate, 14’tsul. 
play (to), Awa’lem. 

I am playing, awa'lntcil. 
Pleiades (the), s’n’la. 
point (to), ma’tEs. 
poison (to), ka’iyil. 
poison, ka’iyil. 
poor, needy, s’tEsas. 
portrait, photograph, Q6é’tsi. 
power (physical), skwo’mkwom, 
prick (to) once, ts’k-Et. 

» 9 Yepeatedly, ts’k-ts’k-Et. 

protect (to), tca'tlamEt. 
proud, smii’tsil. 
push (to), HEtsu’t. 


quarrel, ta’iyuktxl. 
quiet (opp. loud), k'wa’k' wel. 
quiet, calm, slé’Ek'wel. 


race, contest, 4’ wilté]. 
tain, slEm6’q. 
rake, harrow, sqék-apé'lEp. 
raspberry (black), tsilka’ma. 
5 (‘red-cap ’), t’qum. 
3 (salmon-berry), elé'la. 
raw, géts. 
recognise (to), pi/tEliq. 
I recognise him, pi'trliq-tciltd’tla, 
red, ckwém. 
red-hot, kwa’itqum. 
reject (to), Qoskd’ts. 
remember, consider (to), hi'kwilis, 
rest (to), kau; take a rest, kau-tctq. 
rest, lie down (to), tla’kasut, 
return (to), k-&'Isut. 
revive (to), sa/wiyEs, 
reward (to), kii/wit. 
I will reward him, kiwit-tcil-tca 
totla. 
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rib, la’wEq. 
right, good, sEsé’. 
ring (a), cid’lumtsis. 
ripe, cooked, kweEl. 
ripple, ya’tk'um. 
lots of ripples, keq ya'tk'um. 
river, sta/l6. 
roast (to), skwElz’m, kéa'sit. 
ay on a wooden gridiron, kE’p’Em, 
rob (to), kalt. 
robber, kz’ Ikrl. 
rod, ha/itcistEl. 
roof, sé/kEtsEl. 
root, kwo’mloq. 
rope, sté’qim. 
rose (wild), kalk’, 
round, Hilkwa'ls, 
rub (to), yEtlk‘ut. 
rubbish, litter, skE/lEp. 
run (to), Qumy4’lEm. 


safe, sHli’. 

sail (a), pa'tklL 
salt, tla’tlem. 
salty, tlatla’tlem. 


N.B.—Although the salt of com- 
merce was unknown to the 
Tcil’Qé'uk, this is an old Salish 
term. The word was fornierly 
applied to the peculiar taste of 
fish when cured in a certain 
way, that is, by smoking them 
at intervals instead of continu- 
ously. Treated in this way they 
are said to have a salty flavour. 
The expression was/also applied 
to the taste of birds when roasted 
immediately after killing. 


same, austha’. 
sand, sié'tsum. 
salutation (a), haiyiiwntl=‘may you 
be well,’ 
lamiwEtl =‘ god speed.’ 

The former is used between per- 
sons when they meet. The latter 
is said by your host when you 
are leaving the house. Your 
reply is haiydwerti. 

save, heal (to), a/yElint, 

say (to), cut. 

scald (to), tsa’k-ut. 

scald, burn (a), tsak-. 

scalp, kwElEwok =‘ head-cap.’ 
sear, sk@/itl. 

scold (to), swE’Imut. 

scrape (to), é’EqEt. 

scratch (to), Hé’put, qé’k-utsut. 
scream (to), kwa't’sum. 

search, seek (to), ya'luk:t, sa’wok*. 
sea, k'wa'tkwa. 

seed, spéls. 

see (to), kwato. 
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seize (to), tsEklu’met. 
sell (to), Qai’Em. 
selfish, skwé/Ekwi. 
send (to) a person, tcicii’t. 
send (to) an object, 1n’pitc. 
sent (thing sent), slz’pitc. 
‘send it away,’ letla’m. 
sew (to), pa’pEts. 
shadow, shade, sta’/tEl. 
shake (to), Qi’cit. 
shallow, ca‘ik'Em. 
shame, géqalai’ His. 
shaman, sQela’m, o’lia, yeu'wa 
sharp (of edged tools), éyii’ts. 
sharp (point of pole, pencil, &c.), 
éya’suksEl. 
sharpen, grind (to), yu’kust. 
sharpen (to), éyii’ts. This expression 
differs from the other in that no 
suggestion as to the manner of sharp- 
ening is conveyed. Yu'kust means 
to sharpen by grinding. 
shave (to) (wood), qi’pEt. 
she, her, sEla, sEsi’, ¢o'tla, or so’tla. 
shine (to), klau’Ekum. 
shingle (for roofing), sé’kEtsEl. 
shoot (to), kwili’H or kwili’Ht, 
short, tciltcé’t. 
shout (to), tam. 
» (a), stam. 
shove (to), hauké’lt. 
show (to), kwu#'tsuq. 
shrink (to), KE’lp’sEt. 
shrub, Qi’/QEl. 
shut (to), tEka’t. 
sick, ill, ka'kai, 
sight, skwats. 
my eyesight, trl skwitkwats. 
silent, tsa'tsauq. 
I will be silent, tsii'tsauq-tcil-tca. 
simple, easy (to get), lé’luk. 
“i (to do), ké'ka. 
sing (to), sté’lem, 
sink (to), mé’uk’. 
sit (to), u’mut. 
sit down, u/mut-tla. It is interesting 
to remark that this same expression, 
only with the accent on the second 
syllable, is also employed to bid a 
person ‘get up,’ when lying on the 
bed or ground ; thus: umu’ttla, ‘ get 
up’ or ‘sit up.’ 
skull, tsa’/mok’. 
sky, swa’iyil. 
slap (to), tla‘kwut. 
slapping, tla’tlakwut. 
slave, skwéi’ts. 
sleep (to), é’tut. 
sleepy, é’tutEm. 
slide (to), ké'EqEtsult, 
» (a), ské/EqEtsult, 
slip (to), ké'kEm. 
slow, ai’yim. 
smart, quick, Qom. 


smell (to), ha’kwut. 
» (a), ka’kwum. 
smother (to), kEpa/itsEtEm. This ex- 
pression is applied also to the tying 
up of the mouth of a bag or sack. 
smile, sma/tsEl. 
smoke, spii’tlEm. 
snail, kaiii’tlia. 
sneeze (to), hii/sEm. 
» (a), Shii’sEm. 
snore (to), Qé’kwom. 
snoring, Qé’EQékwom. 
snow (to), yé/yuk. 
»  syé/yuk, mi’ka. 
snow-shoe, tciliawinyil. 
soak (to), tlE’lkét. 
sock, tca’Qinyil. 
soft (easy to break), Hu’pkum, ké’rka, 
», (tothe touch), lé’akwom. 
sold, Qa’Qium. . 
solid, s’tEsé’/wEl. 
sole, cia'tsecHl. 
some, telé'uk’, kwE. 
song, sté']Em. 
tE la kais = ‘ now,’ ‘ this time.’ 
au’a hé'tsis = ‘not long,’ 
soot, kwa’itcEp. 
sore, blister, kwakwa’tcis. 
‘T’ve blistered my hand,’ kwakwa’- 
teis-tcil tEl teali. 
soup, clop. 
sour, tii/tEtsum, si/sEqEm. 
sow (to), péls. 
sowing seed, kli’pkEls, 
spawn, kElu’q. 
sparks (those that fall in white flakes), 
tEkwa'tsEp. 
speak, tell, talk, say (to), skwEl. 
spine (of the body), s’q’walisEwé'ts. 
» (of a fish), s’q’wa’lis, 
spinal cord, kwa'tlEla. 
spit (to), sqz’tltca. 
‘ spit it out,’ sqEtl-tla’. 
splash (to), sli/lEtem. 
splinter, yhr’tsEs. 
split (to) (a pole, &c.), suk'q. 
- » (a block, &c.), pé’uk'Q. 
», or broken object, spEpé’uk'Q, 
‘it is split,’ spepé'uk'Q. 
spoil (to), kElké’l. 
‘T’ve spoiled it,’ kE1kE](£)-liq-tcil. 
‘he’s ,, » KElkEl(£)-liq-Es. 
spoon, ladle (of wood), kli/awEtl. 
" » (of horn), qii’lo. 
spot, stii/luk. 
sprain (to), t’a. 
‘a sprained foot,’ t’a-Hyil. 
spring (season), tEm kwéElEs. 
sprinkle (to), tlu'ltist. 
sprout (to) (from stem of tree), tsé’/Em, 
(from root), kwa’keEl. 
a5 » (said of buds), tutletsé'lem, 
spruce-tree (Picea), skutlp. 
square, stiltila’kEl, 


soon { 


398 


squeeze (to) (between the hands), 
pée’tsut. 
(between the shoulders 
or body), klé’Ek-ut. 
(anything that bursts, as 
eggs, &c.), mo’k-ut. 
squint (to), spipa'iyilis. 
squirt (to), ta’litsum. 
stale, slu'k-di. 
stand (to), tleHé’lin. 
star, kwa’sil. 
stare (to), kwa'kwatcitis. 
starve (to), Qiils. 
steal (to), kal. 
steam, spa’leoEm. 
step (to), ta’tékilem. 
4» (a), citsitsa’kilkm. 
steps, stairs (said when at the top looking 
down), cu'tlnpEl; when at the bottom 
looking up, the term is cukikwée. 
stew (to) (‘ Irish’ fashion), kwelst. 
‘JT stewed this,’ tla skwelst’ tz elsa, 
verbatim ‘this is stew the me.’ 
stew (a), skwelst. 
», (to) meat, skwElEm. 
stick (to), klék-ut. 
sticky, ta’ktuk. 
stiff, tsuts. 
string, kwilin = ‘to shoot,’ has refer- 
ence to string of the bow. 
stink, stench, pe’pitsum, k'b’lEkup. 
stir (to), kwé’Ek’lst. 
stone, smilt. 
5s diminutive form, semEle't 
stoney, smamii’lt. 
stoop (to), kupa’sEm. 
stop (to), klElu’q. 
straight, tsuk-. 
strange, lats. 
stranger, aui’ta lés, tEltcak'Q = ‘ very 
far off’; the latter term is employed 
only when the speaker knows the 
stranger has come from some distant 
village or place. 
strawberry (Fragaria sp.), seya. 
strap, muqElmel. 
stray, wander (to), mi’lEmil. 
stream, sta'tElo (dim. of river). 
strength, power, cwii’m. 
stretch (to), 4’tHt. 
strike (to) (with stick, &c.), kwa’kwot. 
(with hand), tla’kwot. 
(by throwing something), 
la'mit. 


” ” 


” ” 


stripe (a), skwakwotowé’te. 
strong, aiyi’ma. 
stumble (to) (over a stick, &c.), tluk”’tl- 
yil. 
a (over stump, root, &c.), 
tsa/inkyil, 
stump, sk‘Ehia’p. 
_ stutter (to), laksEtcH’te. 
stutterer, 
summer, tEm kwa'lakwKs. 
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suck (to), k’ma’ 
suck, darling ! k’ma’tla é’yxs ! 
said by mother to her infant, 
sun, sia/kwum. 
sunbeam, swél o7 swéil. 
sunrise, piluk: (tE eet ene 
sunset, tsauq .,, 
sure, certain, sEé’t, k* al.” 
‘I’m sure,’ k*al-teil. 
surprise, astonishment, liwi’tl. 
3 (with sense of joy), nEqaiyé’- 
wel. 
swallow (to), mu’kat. 
swear (to), kEln’tsil = ‘evil mouth.’ 
sweat (to), iya’kwum. 
perspiration, siya/kwum (a/, 
siakwum = sun), 
swell (to) (at the stomach), kEtcn’tEm, 
9» ~~ SQE’tEm. 
sweep (to), €QEtsut. 
sweet, k'a/ketEm. 
swim (to), té’teEm. 
swimming, té’tcitEm. 
swift (of running water), 1EQd'm. 
» (of animals, &c.), Q6’mQom, 
swing (to), ke’ta, 


” ” 


- 


taciturn, silent, aui’ta skwEltzEls, 
tail, slEpE'lits, tlepElatstEl, 
take (to), kot. 
he took it, kotEs, 

tale, skwE'Ikwel. 
talk, tell, speak, skwEl. 
tall, tlukta’mitst. 
tame (to), k*wa'k'wEl. 
taste (to), t’at. 
tattler, kwelkwel. 
teach (to), é’ wis. 

I will teach you, éwEs-sa’ma-tcil-tea.? 
tear (to), Qut. 
tearing, Qutqu’tEt. 
tear (lacrima), skas. 
tease (to), hé’itsElik. 
tell (to), yi’tsust. 
telling, yi/tsEm. 
tell (to) a story, kwE'Ikwel. 

you tell a story, kwk/lkwel-tciiq. 
tent (of matting), sliwelau’t, ka’/lzmEl. 
thank (to), ts’ét. 
that, tE sii’ (masc.), sEsi’ (fem.) tk 

lé ti. 

thaw, melt, yet. 

it’s thawing, yet. 

he is thawing it, yétEtEs. 

melt it! yetE-teuq ! 
the, tE (masc.), sE(fem.). 
thee, thou, tE lia. 
there, é’kwée. 
they, them, td’tla-lem, yEsa’, tla’tlkm. 
thick, pEtla’t. 
thief, KEIkKEL. 
thin, tcimé’l. 
think (to), talt. 
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thirst (to), sk’a’kela. 

this, tH la, tx é la. 

thrash (to), kwa’lekwiisrtl. 
thunder, qokQa’s. 

throw, cast (to), lemi’Istoq, 
throw away (to), é’kwut. 
tickle (to), sé’tEm. 

tie (to) a knot, ké’sit. 

» up a bundle with string going 
round it in different directions, 
si’ElEtst. 

» up a bundle with string going 
round the centre only, leqok- 
we’ wet. 

tired, weary, ké'sEl. 

to-day, tE la wai’yil o7 wé'yil. 
to-morrow, weyili's-tca. 

tooth-ache, yilyi’liszm. 

torch (when carried in the hand), 


sla‘kut. 
torch (when stationary in house), 
yée’Eekwéil. 


‘light the torch’ (or lamp), yEkwo'- 
kstla sz yé’Ekwéil. 

touch (to), pi’yit. 
track (to), cké’EltEl. 
trail, path, kyaktl. 
trap (to) (fish), siya’/kEm. 

» (for fish), siya’k. 

» (‘fall, for animals), té’tcEl. 

» (pit, for animals), lé’pa. 


In digging these they always con- 
structed a V-shaped bottom, so 
that the animal’s legs were forced 
together, and it was consequently 
unable to leap out, 


» (noose), Qé@’EQakos. 
» (spring made by bending a sap- 
ling), cistEké'l, 
travel (to), leka/JEk‘El. 
tree, skat. 
tremble (to), tli’tq’tEm. 
trip (to), tlu’k-oksEl. 
try (to), tat. 
I will try, tat-tcil-tca. 

tumble (to), tsElk’. 
turn (to), said of person, tsa'lisem, 

= ,, said of things, qElst. 
twilight, 1 tsai’yil o7 tlai’yil. 
twist (to) (large things), qElst. 

> » (small ,,_ ), qulsté’wut. 
ugly, ke’la, kel. 
uncover (to), kwe’Elitct. 
under (a thing), sl’pa’lew=Etl. 

» (the ground, deep down), tlup. 
understand (to), tatEliq. 
undress (to), tlisi’m. 
uneven, rough, smEtlmEtlkwé'lEp. 
unfasten, undo (a string, &c.), yu’qwot. 
(a bundle), yu’qwoletst. 
(one’s clothes), yuqwo- 

lésum. 
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unfasten, undo (gate, door, &c.), luqE- 
yu’qwot. 
unripe, au’a kwEl, ad litt., not ripe. 
cn qeéts. 
Ursa Major, k'aiyé'its = ‘elk.’ 


The Toil’gé'uk regarded the ‘Great Bear’ 


as an elk which wandered round always 
in the same circle. They told the hour 
of the night by it, 


village, yE-QE’lEmuq. 
voice, skwEl. 
vomit (to), hai’yut. 


wade (to), cé’/EqEm. 
wait (to), 4’lmitst. 
waiting, a’lmitcEl. 
wake (to), Qi. 

walk (to), é’miH. 

wall, ta’mEl. 

wander, stray (to), tetigtct’'q. 
war, gé'luq. 

warm, hot, kwii’/kwEs, 
wart, su/pQel. 

wash (to), sogat. 

watch (to), k'wé’Ektlat, 
water, ka. 

wave, billow, ya'litca, 
we, us, tE tlémEtl. 
weak, k'EkE1a’m. 

weary, tired, ké’sEl. 
weave (to), kai'sitsxl, 
wedge, QEHE't 

weed, sku’lEp. 

weep (to), qam. 

weir (for fishing), siya’k*. 
when, tEm tim. 

when was that made? tem tim 

tsé'tEm ? 
where? EIE'tea? 

‘where is it’? Eln’tca? 
which? tE lEtsa? = the one? 
whisper (to), 7.e., talk together in low 

tones, tla'tlkkEm. 
whisper (to) in a person’s ear, tla'kut. 
whistle (a), cticé/kipEm. 

3 (to), c&’pEm. 
whistling, yHé’tlpam. 
why? letce’m ? 
white, pEk:. 
who? wit ? 
wide, stluki’t. 
widow, cia’tEl. 
widower, tsé'ya. 
wife, sta’les ; lau, when addressed by 

her husband. 
willow, Qa’ilalp. 
win (to), klEQE’luk. 
wind, spEhi'ls. 
wind (to), k‘Elk'ust. 
window, skukwatsa’stEl. 
wing, stluki’l. 
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wink (to), tsétsékwa'sEm. worthless, bad, Qa’auts. 
winter, tem qi’it o7 qi’itla. wring (to), p’e’tsEt. 
wipe (to), é’akwot. 

wise, lukaé’lEs. 


witch, sorcerer, yeu'wa. yawn (to), we’wEkus. 

witchcraft, seu’ wa. year, si/lalEm. 

with, ska. yell (to), kwa/tcEm. 
Vl go with you, lam-tcil ska tn lua. yellow, skwai. 

woman, sla’li. yes, é. 

wood, tsuk'su’k'Et. yesterday, tcila’kacitl. 

wool, yarn (of mountain-goat), si’é. you, tE tlewo’p. 


An analysis of the above list of words shows many synonyms. Some of these are 
certainly non-Halkomé’lEm, and are possibly remains of the older Tcil’Qé’uk speech. 
A comparison of the Tcil’Qé’uk vocabulary with the Kwa‘ntlen will illustrate the 
average or common differences and similarities found in the Halkomé’lrem dialects. 
The substitution of ‘2’ for ‘2’ makes the differences seem greater than they really 
are. 


The Pilati. 


The Pila’tlq are a small tribe on the lower Chilliwack River, num- 
bering now about five-and-twenty ; formerly they were more populous. 
They border on the Tcil’9é’uk, the od dividing line of the two tribes 
lying between the modern white settlements of Sardis and Chilliwack. 
This tribe was formerly divided into five villages or camps, named respec- 
tively Qwalé’wia, Sqéla‘utia, Sk-wa'la, Teuti'l, and Stca'tctini. 

The first was so named from a large boulder which lay in the stream 
close by the village. This rock was once an old woman, a sedweé'l, or 
witch. She was turned into her present shape by Qiils, the Transformer, 
for venturing to contend with him in magic. Her metamorphosis came 
about in this way. One day having heard that Qals was at Yale, pitting 
his powers against those of a noted shaman there, and was about to come 
down the river, she urinated in a little receptacle of basketry with the 
intention of using the liquid to sew2we’l (bewitch) Qals. When they met 
Qals derided her attempts to overcome him and turned her into the rock, 
Said he; ‘ You are a very poor sort of sewwe'/. I can do what I like with 
you. I will punish you by transforming you into a boulder and placing 
you in the stream.’ This he did, and also the little receptacle she had 
used ; and, placing it on her shoulders, turned it likewise into a stone, 
Both may be seen there to this day. 

The second was so named because of a painted post in the house there, 
Sqzla'uttiQ meaning the ‘painted’ or ‘marked’ house. 

The third and fourth were called after sloughs on which the villages 
were situated. 

The fifth was so named because the deceased of this village were 
always carried down to 7'cuitv’l to be buried. The term signifies ‘a going 
down.’ 

I was unable to gather any information from any of them as to their 
origin. At present they all live together in one settlement, close by the 
landing at Chilliwack. The name of their present chief is Qxlke’meltwa 
which is derived from qrElkt=to ‘show,’ ‘display,’ ‘mark,’ and the 
synthetic radical for ‘house.’ They have a tradition of the first white 
man who came among them about seventy years ago. They call him 
Miciyel and say he was a Hudson’s Bay trader. 

There were three classes of shamans among the Pila’tlq, viz, the 
sQEld’m or healer, the sew'wa or fortune-teller, and the sewwé'l or witch, 
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The functions of the Sqzld’m among the Pila’tlq do not differ materially 
from those of the members of his class elsewhere. The sew’wa interprets 
dreams and understands the mysteries of omens and portents generally. 
The sewwe'l is a witch or sorcerer. Members of either sex may fill this 
office. These individuals are said to use a mystic language of their own. 
They are paid for their services by gifts of blankets. They are employed 
to injure an enemy, to hold converse with the dead and with ghosts 
(poplakwé'tsa). Their methods of working were thus described to me. 
When a sewwe'l wishes to injure someone, he (or she) takes some water 
at sundown and washes his hands with it, repeating at the same time the 
name of the person to be harmed. This poor individual will then fall into 
fits, and black spots will appear on his body. If the feeling of animosity 
against the victim be very great, he will probably drown or hang himself. 
Another course is for the sewwe'l to secure some garment or other 
belonging of the person to be attacked and to utter mystic words over 
it. The sewwe'l were commonly employed by the relatives of a deceased 
person to hold converse with the ghosts of the dead, and to bid them go away 
and never come back and trouble the survivors again. They were present 
also at the ceremonial bathing of the relatives and friends of the deceased 
on the fourth day after burial, and when the mourners were bathing they 
would go through their ceremonies, such as washing their hands and 
blowing water from their mouths. They did this to drive away the sick- 
ness of the deceased from the village and to send the ghost of the dead 
to some unfriendly settlement to cause the death of their enemies there. 

The sewwe'l is by no means an institution of the past among the 
Pila’tlq, notwithstanding the influence of the priests. The sewwe'l still 
flourishes, and is not infrequently employed at the present time. My 
informants told me that the services of the sewwe'l are invariably em- 
ployed to protect any of them when brought before a police court for some 
misdemeanour or other ; and to harm the policeman who arrested the 
person and the magistrate who sentenced him. It is clear from this they 
yet thoroughly believe in the powers and influence of their sewwe’l. 


Salmon Myth. 


Very Jong time ago there were no salmon in the river except the 
* steel-head ’ (kéii’q).!_ So one day S’kezlau’ said to the people, ‘ Let us leave 
this country and go for a trip down the river.’ 7'se'wk't (woodpecker), 
VTsckel (bird not identified), and S’matq (‘bull-head ’ fish) agreed, and the 
four started off together. They went down the river, and in course of time 
came toa village. It was night. ‘Said S’kelau’ : ‘Look at the smoke: it 
has all the colours of the rainbow. This is where the Salmon people live. 
Now I am going to steal the chief's baby and carry him off, and then we 
shall get lots of salmon.’ So he presently crept towards the settlement, 
taking Awda'tel (mouse)? with him. S’kelau’ threw himself down in the 
pathway on his back and feigned to be dead. Awa'tel made his way to 
the canoes and gnawed holes in them, and also knawed the paddles in such 
a manner that a slight strain upon them would cause them to break in 
two. Besides the Salmon people a Aaia’t/ia (snail) dwelt in this village. 


' The &2i'q is not a true salmon, but a species of trout, Salmo Gairdneri. 

2 After the manner of Indian myths the mouse here appears from nowhere, and 
after its task is completed disappears in like manner. 
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At daybreak one of the women left the house to get some water, and as she 
went to the stream she came upon Beaver lying upon his back in the path 
apparently dead. She had never seen anything of the kind before, and 
became alarmed, and cried out to the others to come and see the Cla/lakum 
(spirit, supernatural being). They all rushed down to see the strange thing. 
No one knew what it was, and all expressed surprise and fear, the more 
timid bidding the rasher not to go too close. As they stood gazing and 
wondering, one ran down from the village and pushed the crowd aside, 
saying, ‘ Let me see him ; I think I know that person.’ This was Keu’q, 
the ‘ steel-head’ salmon ; who, when he saw the Beaver, said: ‘I have 
met this person before in my visits up the river. You must be careful of 
him, he is a very crafty fellow. Give me a knife and I will cut him open, 
and you shall see what he has in his mind ; he is here for no good pur- 
pose.’ As he was about to cut Beaver open 7'sé’wk't and T'sc’kel came flying 
over their heads, making a great noise and attracting everybody’s atten- 
tion. They all left Beaver and endeavoured to catch the birds. The 
latter pretended to be lame and enticed the people to follow them. While 
everybody was trying to secure the strange birds S’krlau’ opened his eyes 
and looked about him. Seeing all the people preoccupied with his friends, 
he quickly made his way to the house. Inside he saw a baby hanging 
from the swing-pole. In a moment he snatched it down, and making 
straight for the river plunged in and carried it off. 7'sé’wk't, who had been 
watching him, now called out to 7'sc’kel to make for the canoe. When they 
got there they found Beaver waiting for them with the baby in his posses- 
sion. They instantly paddled off. ‘Che Salmon people then rushed for their 
canoes and gave chase to them. But no sooner did the paddlers bend to 
their work than the paddles snapped one after another. The water, too, 
forced its way through the holes in the canoes made by Awé’tel, so that 
they could make but poor headway. A few of them, however, whose canoes 
and paddles Mouse had overlooked, did better, and steadily gained upon the 
fugitives, who were stupidly paddling with the edge instead of the flat of 
the paddle. Presently they passed by a point where Kaia’tlia (the snail) 
was standing watching the chase. Seeing them paddling with the edge 
of their paddles she cried out : ‘ Paddle with the flat of your paddles and 
youll get along faster.’ They followed Kaia'tlia’s advice and soon gained 
upon their pursuers, who, seeing they were losing ground, presently threw 
their paddles aside, jumped into the water, and began to swim after 
them. When S’kelau’ and his friends got up the Fraser as far as the 
Coquitlum River they took off the baby’s shi/at/ (under-garments). One 
of these, a dirty one, they threw into this stream. Hence they went on 
to the Chilliwack River, and into this they cast another skzlatl, this time a 
clean one. They went on tothe Harrison River and dropped another there, 
and thence to Yale, on the Fraser, where there was a tsid'kq (fish-weir). 
On the lower side of this they dropped the child; whereupon the water 
began to rage and boil. The four adventurers now separated and went 
up different creeks and became s/a'lakum (supernatural beings). 

From this time onwards the salmon have visited annually the streams 
mentioned ; but because the dirty skzlat/ was thrown into the Coquitlum the 
salmon taken in that river are bad and difficult to dry. At the Harrison 
something kills the salmon, and they die in great numbers there. In the 
Chilliwack, on the contrary, they are good and fine, and are easily dried 
and cured. 

There are many points in this story which recall the manner in which 
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‘S’kelau’ secured fire for the up-river Indians. Shamining death in this 
manner is evidently a common subterfuge of S’kelau’. In the N’tlaka’- 
pamug story his assistant was the eagle." 


The Origin of the Totem of the Sqoi’aqi? and Cilmu'gtcis as told by the Pila'tlq. 


There once lived a young man who was afflicted with sk‘dm (leprosy). 
He was very ill, and cried all the time. So burdensome was existence to 
him that he determined to end his life. So he went to a lake which was 
inhabited by ‘Sla/lakum’ (a kind of water-sprité) with the intention of 
drowning himself. Two creeks led out of this lake. Up one of these he 
went, and as he did so he perceived a ko’kiiag (salmon, ‘sockeye’). There- 
upon he cut a stick, and having pointed it speared the salmon with it. 
He then made a fire and roasted the fish, with the intention of eating it. 
When cooked he laid it on some leaves and sat contemplating it for some 
moments. Presently his attention was drawn away from the salmon, and 
when he looked again, in place of the fish he perceived a pipahd’m 
(frog). He turned away in disgust and proceeded up the creek to the lake. 
When he arrived there he undressed himself on a projecting rock and 
jumped into the Jake. He sank down and lost consciousness. After a 
while he came to himself again, and was greatly surprised to find that he 
was lying on the rock from which he had a little time before plunged into 
the water. ‘Why cannot I die?’ he cried, and shed many tears again. 
Presently he determined to.cast himself in again. He took the plunge, 
and felt himself sinking down into the depths of the lake without loss of 
consciousness. Down deeper and deeper he went, and presently he found 
himself lying on the roof of a house. This was the habitation of the lake 
people, who were startled by his fall on their roof, and sent one of their 
number up to see what was there. He perceived the young man and 
reported that a ‘Sla/lakum’* wasthere. He was then brought down and 
treated with great hospitality. The Sia’m gave him his daughter to 
wife. She and others among them were sick. This sickness had been 
caused Ly himself. He had spat in the lake, and his tears had also fallen 
into the water. This had caused a sickness to fall upon some of the lake 
people. It was always thus. If any of the earth people spat in the 
water it caused sickness among those who lived below. He wiped off 
the spittle from the girl and she was straightway cured. He healed the 
others in like manner. While among the water people he saw the Sqov’aqi 
and the Cilmw'qicis for the first time. 

In the meantime his parents and the rest of the family had gone up 
the river towards Yale to catch and dry salmon. In this lake of the 
Sla’lakum lived the Ko'kiiac and the Skrla'u, who wanted to get out into 
the Fraser. So they dug and dug, till at last they came up through a hole 
near Yale. The youth, who had watched and followed them, also came up 


1 See the writer’s notes on the N’tlaka’pamugQ, Third Report of the Committee, 
1899. 

2 The Sqoi’aq! is a slrange-looking mask with feathered head and staring eyes, and 
the Cilmu’gtcis is a rattle made from the hoofs of the,deer. This totem plays.an 
important part in the ceremonies and customs of the Halkomé’lEm tribes. 4 
. % It would appear from this that mortals were s/a'lakwm to the water beings as 

much asthe latter were to the earth people. This term sla'lakum is difficult of direct 
translation into English. A sla'lakum is not a ghost. or spirit, but a being of a 
different order from a mortal. They inhabit mountains and forests as well as lakes. 
. Their analogue is found amongst most. peoples at some stage of their culture. 
DD2Z- 
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at the same place and floated about on the water. It was death to any 
person now to look upon him unless healed by himself. Not far from 
where he was his parents and sister were fishing. The latter presently came 
by, saw him, and straightway fell sick. He then left the water and 
went to her and healed her. They then went home together. When 
his parents saw him they too fell sick, but he healed them also. 
And so it was with all who came in contact with him. All fell sick 
because he was s/a'lakuwm, for whoever looked upon a being of this kind 
became sick unto death. He healed them all so that no one died because of 
him. Shortly after he sent his sister to the lake to fish, and bade her use 
feathers for bait, and not to be frightened at anything she heard or saw. 
She did as he bade her and threw in her line, and presently felt that 
the bait had been seized. She drew in the line, and the water people 
came up to the surface wearing the sqov’aqi and using the rattle. They 
danced fora while, and then presented her with the sqov'aqi and cilmu’gqtcis. 
After this they descended again, and she went home with her gifts. Her 
mother then made a skodm (big basket) in which the girl put away her 
presents. At her marriage she was given the sgov’aqi and rattle. 

This incident is said to have happened at the village of Ziceltd'lite, a 
little above Hope. It is noteworthy, however, that somewhat different 
origins are given by other tribes to the Sqov’aqi and Cilmu’qters. 


Mortuary Customs. 


As the Pila’tlq have been under missionary influences for a number of 
years most of their old customs have been given up or much modified. In 
burying their dead they now wholly adhere to the customs of their white 
neighbours, but formerly they disposed of them in the following manner. 
Immediately upon the breath leaving the body the spoldkwe'tsa (corpse) 
was carried out of the house and washed in warm or cold water. Usually 
four men performed this task, and while they were engaged in their work, 
if the deceased or his relatives were people of rank and wealth, the sqov‘aqi 
would be hired to dance the ¢s’gd@te'l, or ‘wash-down dance.’ After the 
corpse had been washed it was painted red ; the hair was then smeared with 
grease, and a quantity of eagle-down was spread upon it, The body was then 
doubled up and wrapped in blankets, and the sqov’aqi performed another 
dance. After this it was conveyed to the burial grounds and deposited in 
the family cofin. This receptacle was a large box capable of holding the 
remains of several persons. In the case of chiefs or wealthy persons figures 
of animals or birds were carved upon it. After the spoldkwe'tsa was laid 
away the sqoi’ag’ gave another dance and the mourning began, and the 
funeral party returned to the village. Four days later all the mourners 
took a bath, and a feast was then held if the relatives of the deceased were 
people of rank and wealth, and many presents were distributed. Everyone 
received something. Nothing of the dead man’s personal belonging was 
‘kept, and if the presents were not enough to go round among those 
assembled his brother or other relatives supplied what was needed. The 
object of disposing of everything that belonged to the deceased, I was 
informed, was that the survivors should not be reminded of their loss by 
the sight of them. Occasionally a wife mourning the death of her 
husband would set aside and store away some garment belonging to him, 
and in after years, when she had amassed much property, she would hold 
a great feast and give it all away. During the feast she would bring 
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this garment out and display it to her guests, and dwell in a mournful 
strain upon the many virtues of her late husband. Her words usually stirred 
the feelings of others of the relatives of the deceased, and they were moved 
to do likewise, and much property was again given away. These gifts wera 
made outright : they were not ‘ potlatched,’ and no obligation rested upon 
the recipients to make any return. Though when some connection of 
theirs passed away, and they gave a burial feast, they specially remembered 
those who had been generous to them under similar circumstances, and 
treated them in like manner. 

The name of the deceased must not be mentioned in the hearing of 
the surviving relatives till some years have elapsed, when his son gives a 
feast and assumes it. During the feast the oldest man present gets up 
and publicly states that their host is desirous of assuming his father’s 
name. Those present acquiesce in this desire, and the son is known hence- 
forward by the name his father bore. The reason of this lapse of time 
between the father’s death and the son’s assumption of his name or title 
is due to their conception of the state of the soul or spirit after death. 
The poplakoe'tsa (ghost) of the dead is supposed to haunt the scenes of its 
life for a longer or shorter time, and if the son assumed the name too 
soon the poplakoe’tsa of his father might exercise a baneful influence upon 
him. Hence the delay. 

All the mourners cut their hair and burn the severed parts. They 
did not cut the hair all round their heads, but only that on the fore- 
head and temples as far back as the ears. Those who tended the corpse 
were apparently a distinct order or class. They could not mingle with 
the rest for a time. They had first to undergo some kind of: puritication, 
They were called spopldkoé'tsa, that is, ‘corpse handlers,’ When they 
had finished with the corpse the sazla’m took charge of it and conveyed 
it to the tomb. 


The Kwa'ntlen. 


In my studies of the Kwa’ntlen I was assisted by a native named 
August Sq’tctrn, of the Fort Langley Reservation, an intelligent and 
thoughtful Indian, who had been trained in his younger days in the 
mission school of the Oblate Fathers, and who had a very tolerable know- 
ledge of English ; by Jason Allard, a fairly educated half-breed ; and to a 
less extent by an elderly Indian woman named Mrs. Elkins, the wife of a 
white fisherman of the district. If my studies of this tribe could have 
been begun a few years earlier I could have secured much valuable infor- 
mation now, I fear, lost for ever. A noted old shaman among them, 
who is reported by the natives and white settlers to have been able to do 
many strange and mysterious things, such as dancing on hot stones, 
handling live coals, and drinking or otherwise mysteriously disposing of 
enormous quantities of liquids, such as oils or water, died a year or two 
ago, and with him passed away the opportunity of acquiring first-hand 
information on many of their old customs, practices, and beliefs, thus 
affording another illustration of the need there is to push our inquiries 
and observations without further loss of time. Most, if not all, of the 
present Kwa’ntlen have been born since the settlement of the Hudson’s 
Bay post in their midst, and their early contact with the white men con- 
nected with this and their long training by the Fathers of the Oblate 
Mission have much modified and changed their habits and lives. The 
whole tribe is now under the religious care of this mission, and all the 
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resent Kwa/ntlen are converts to the Roman faith, few, if any, of them 
holding the old beliefs or practising the old customs of the tribe, which 
are now practically traditions only among the present members. Conse- 
quently I was unable to get such full or detailed accounts of the past 
among them as among some of those who came later under white or 
missionary influence. 


Ethnography. 


The Kwa/ntlen were formerly one of the most powerful and extensive 
of the river Halkomé’lem tribes. Their territories extended from the 
mouth of the south arm of the Fraser up to the present settlement of 
Hatzic, which is about sixty miles from salt water. They consequently 
occupied or controlled more than half of the Halkomé’lem lands of the 
mainland. They touched the Qmuski/zem of the north arm, and the 
SEwd'cen on the sound on their west ; the Xe'tst on Pitt River, a tribu- 
tary of the Fraser, which enters the river a little above New Westminster ; 
the Snonkwe'amet/, of the Indian village of Sna'kwametl, a tribe now 
wholly extinct and well-nigh forgotten ; the JMJac’qui, whom they drove 
back from the river front, in their centre ; and the Vehkd’meEn on their 
east. Their occupation of the upper part of this territory dates only from 
the founding of Fort Langley by the Hudson’s Bay Company. Prior to 
this they were mainly settled at or near what is now the city of New 
Westminster. Adjacent to this old settlement was the limited territory 
of the Kwi’kwitlem tribe, who are said to have formerly occupied these 
lands. They were a subject tribe held in servitude by the Kwa/ntlrn, 
who treated them as their slaves and servants. According to one 
Kwa'ntlen tradition, they were brought into being for this purpose, 
Historically considered, they are probably a non-Halkomé'lem people and 
the predecessors of the Kwa’ntlen in that portion of the delta. They 
number but a few souls now, and their long association and later inter- 
marriages with the Kwa/‘ntlen have apparently effectually effaced any 
ethnic differences they might once have exhibited, Archzological investi- 
gations show occupation and settlement of the old centre of the Kwa/ntlen 
people centuries, or perhaps millenniums, before the Halkomé'len tribes 
could have arrived on the river. 

The present village settlements of the Kwa’ntlen, as enumerated by 
my informants, are as follows, the order being from east to west down the 
river :— 


Sqai'Ets, on Stave River, 

Ho'nak, a division a few miles below the mouth of the Stave River, 
which has given the name ‘ Whonnach’ to the white settlement and rail- 
way station of that vicinity. 

Kwa'ntlen, at Fort Langley. 

Seai'ametl, at New Westininster. 

Kikait, at Brownsville, on the opposite side of the river, 


The Kwa’ntlen have always regarded themselves as the head of the 
tribe, the sid’m of this division being always the supreme chief of the 
whole tribe. I could not obtain the original signification of the term 
Kwa/ntlen. Formerly they used to call themselves tn sidé’m-Kwa'ntlen, 
‘the royal Kwa/ntlen,’ or ‘the Kwa/ntlen-royal.’ They were undoubtedly 
once a numerous and powerful tribe, and are known to have kept undis- 
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puted control of the river from its southern mouth to the borders of the 
Neka' men, sixty or seventy miles inland. 

Of their origin they give various mythical accounts. Among the 
Kwa’ntlen proper the first man was called Swa/nisEt, meaning ‘ to appear 
or come in a mysterious manner. He was a ten Swe’yil, * descendant of 
the sky,’ who suddenly appeared on the Fraser River. Another account 
makes the first man a ten Z'e’mun, a descendant of the earth. This 
latter is possibly an adaptation of the Mosaic account of the first man. 
With him were created all the native tools and utensils, and also the 
Kwikwitlem tribe to be his slaves. His name is given as Sk-wElsé'lam. 
The sid’m-Kwa/‘ntlen have a genealogical record of their chiefs for nine 
generations. It is as follows :— 


1. Sk-welsé/lem I. 

2. Sk-welsélem IT. 

3. Sk-welsé’lem ITT. 

4, Ctla‘lsitet, afterwards changed to Sk-welsé/lum IV. 

5, Sq’teten I. Sk-welsé’lem IV. dying without male issue the siii’m- 
ship passed to his sister's son ; hence the change of name. 

6. Sq’teten IT., afterwards changed to Séltt'mtzn, which has reference 
to thunder. The story in connection with the change of name was for- 
gotten. The name is a sw’/ia name. 

7. Sq’teten ITT, 

8. Sq’teten LV. 

9. Sq’tcten V., who is the present chief. 


The original signification of these names seems to be forgotten. 

In the lives of the earlier chiefs certain important events are recorded 
as happening. Thus, when Sk-welsé’lem II. was chief a mighty conflagra- 
tion spread all over the whole earth, from which but few people and 
animals escaped. This would seem to refer to some volcanic phenomena in 
the experience of their ancestors. During the lifetime of Sk-welsé’lem ITI. 
a great flood overwhelmed the people and scattered the tribes. Then it 
was, according to the Kwa/ntlen belief, that the Nootsak tribe was parted 
from the Sk-q6’mic, to whom they are regarded as belonging. They also 
say that a branch of the Kwa/ntlren named Pe'laeli settled on the coast 
somewhere opposite Alert Bay, and they assert that this tribe still lives 
there and speaks the Kwa/ntlrn language. If there is any truth in this 
statement they have not yet been made known to ethnologists. When 
the statement was first made to me I very naturally concluded that I was 
getting an account of the settlement of the Bilqula tribe, but when TI 
mentioned them they assured me the Pe’lgeli were not the Bilqula, but a 
distinct tribe, speaking the Kwa’ntlen tongue, which lived beyond the 
Bilqula territories. I have thus far not yet been able to test the truth of 
this statement. It certainly will be an interesting fact if the Pe’lgeli can 
be found and identified as Kwa/ntlen.! 


' From further inquiries since the above was written I am disposed to think this 
tradition does refer to the Bilqula tribe. It will be seen that Pelgeli is merely a 
dialectic variation of Bilgula. In speaking with the Kwa/ntlEn of this tribe I always 
used the English form ella Coola. This doubtless misled my informants. More- 
over, it is worthy of note that the Bilqula themselves have a tradition connecting 
them or their ancestors with the Fraser River region. In the important myth of 
Totosi'ng the Fraser River is given as the place of his origin. The term Peleeli also 
vecuys in Bilqula legends under the form Pelkhany or Prlgani, Jt is the name of a 
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When Sk-welsé’lem IV. was living a severe and prolonged famine 
decimated the tribe. This famine was caused by a great snowstorm of 
unusual duration. It lasted for many weeks. It may be incidentally 
remarked here that the Sk-qd’mic have similar traditions of a devastating 
flood and a destroying famine caused by a prolonged snowstorm.! It was 
during the sia’m-ship of Sk-welsé’lem that the Kwi’kwitlem were sent away 
from their very desirable camp on the slopes of the hili upon which the 
city of New Westminster is built to the marshy flats opposite, across the 
river. These they were compelled by the Kwa’ntlen to fill in with stones 
and gravel and convert into fishing grounds for them, 


Sociology. 


The social organisation of the Kwa/ntlmn in pre-trading days seems to 
have been much the same as that of the contiguous Salish tribes. They 
had the common threefold division of the tribe into chiefs, notables, and 
common folk. They lived in the communal long-house, but their meals 
do not appear to have been of the communistic order, as among the 
Tecil’gé’uk, It is clear from the genealogical lists of their chiefs that the 
office of sia’m was practically hereditary among them. 

In their marriage customs they appear to have departed in some 
respects from the customs usual among the river and coast Salish. Among 
them the choice of a wife or a husband was never left to the son or 
daughter, but was always made by the parents themselves. When a 
young man’s future wife had been chosen for him by his parents he would, 
after the manner of the Sk-q0’mic youth, go to the house or apartment of 
the girl’s parents and squat down near the entrance for a longer or 
shorter time. But the Kwa’ntlen suitor never stayed at night. He 
always returned to his own home at nightfall. If he were a youth of 
rank he would not be kept waiting long by the girl’s parents. Sons of 
poor parents had sometimes to wait many days before they were accepted 
by the girl’s relatives. When the suitor was acceptable, and his period 
of waiting was over, the father of the girl would call together the elders 
of the tribe, and desire them to select from among themselves an inter- 
mediary to acquaint the youth of his success and lead him to the girl. 
The suitor must reward this old man with gifts of blankets. He must 
also now make presents of blankets to the girl’s father. After this the 
father of the youth calls his friends together, and they all go to the house 
of the girl’s father and present him with blankets. This ceremony was 
called s?/xcaltua. When this ceremony had been performed, the father of 
the bride, if he were a wealthy man and a person of rank, hired the 
sqoi'aqi to precede his daughter as she walked from the house to the canoe 
to go to her husband’s home. The father of the youth, if he had a good 
store of venison on hand, now gave a feast. If his stock of provisions 
were short, he hired some of the skilled hunters of the tribe to procure 
fresh game and fish for him. These he took to the house of the bride’s 
parents, and they held a feast there. This concluded the marriage 
ceremony. 


certain chief in their mythology who possessed a house decorated with Abelone shells, 
the term, according to Dr. Boas, meaning ‘Abelone.’ Among the Kwa/ntlEn the 
signification of Pelgeli is forgotten. 

1 See the writer’s Notes on the Cosmogony and History of the Squamish Indians 
of British Columbia, Trans. Roy. Soc. Can., vol. iii., sect, ii,, 1897-98, 
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Originally the Kwa/ntlen were endogamous. They would not sully 
their ‘royal blood’ by marrying among the neighbouring tribes, whom 
they regarded as inferior to themselves. This is a fact of importance in 
the consideration of the social customs and institutions of the tribe, + 
was unable to discover anything like a developed totemic system among 
them. As among the Tcil’9é’uk, it was customary for everyone to seek 
personal sw'lia. ‘They had both personal and family crests, the most im- 
portant of which was the sqoi’aqi already described. The owners of this 
crest or totem, or those entitled to its privileges and the use of its strange 
emblems, were much-envied people. One or more members of this totem 
were hired by wealthy people on special festive and ceremonial occasions 
to be present and lend their powerful and propitious influence to the 
event, as many, sometimes, as 300 of them being present at the name- 
giving feast ot a chief’s son. According to my informants, among the 
xwa/ntlen the sqoi’aqi was not a secret society. Its membership was 
recruited and augmented by marriage only. It will be remembered that 
the crest or emblems were first obtained by a woman, and by her marriage, 
and the marriages of her descendants, spread among the river tribes. 
Most tribes on the river contained one or more individuals entitled to 
use the sqoi'aqi emblems. When we consider for a moment the social 
importance the possession of a crest or family totem, such as the sqoi‘aqi, 
gave to its owners, we can well understand how personal and family crests 
develop sooner or later into gentile totems. Had the social organisation 
of the Halkomé’lem tribes not been interrupted in its development by the 
advent of the whites, it is more than probable that in a few generations 
it would have reached a fully developed totemic system of its own ; and 
that, too, without extraneous aid or suggestion. The sqoi’aqi had its 
origin, some generations ago, among an up-river tribe whose members 
probably were entirely ignorant of the social organisation of the northern 
coast tribes, with their totemic systems and secret societies. It would 
appear to be the natural outcome of primitive organisations where the 
fetish has passed into the su’lia, and these, again, have given rise to the 
personal and family crest, or totem, as among the river tribes. Among 
all the tribes of this region the desire for social distinction is the predomi- 
nating impulse of their lives; and as personal su’lia and other totemic 
emblems of striking character or appearance bestow social importance 
upon their owners, it is but natural to expect to see these totemic emblems 
and crests spread and increase. The tendency to do so is inherent in such 
social bodies. The social privileges and distinctions accorded to the owner 
of a potent and striking totem like the sqoi’aqi by his fellow-tribesmen 
would assuredly create a desire on the part of those who did not possess 
or share in the privileges of such crest to possess similar ones for them- 
selves ; and this desire would lead the bolder, and more imaginative, 
to acquire similar crests or totems for themselves. The origin of the 
sqoi'aqi itself is an instance of this. The wholesale acquisition of su’lia 
or crests of this kind was restrained and held in check only by that fear 
and dread of the ‘ mysteries’ entertained by the majority of Indians, Out 
of this restraining fear and from this selfsame desire grew the secret 
societies of the coast Salish and Kwakiutl tribes, where, by the payment 
of large initiation fees and the performance of certain esoteric ceremonies, 
the man of social aspirations could obtain admittance into and a share of 
the social privileges of such societies. Dr. Boas has shown that in some 
tribes a man’s social position and distinction depended entirely upon his 
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membership in one or more of these societies. Unless he were a member 
of some society he was little better than a slave ; he possessed no social 
status whatever. The social organisation of the river Halkdmé/lem tribes 
had not reached to the secret society stage, though it was clearly on the 
point of doing so when its course was interrupted by our advent. It was 
just at the point where the personal and family totem passes into the 
gentile totem, and brotherhoods and privileged societies arise. The totem 
of the sqoi’aqi makes this quite clear. 

When the totemism of this coast is viewed in the light thrown upon it 
by a study of the tribal organisations of the different Salish tribes, it ceases 
to appear strange that it differs in some characteristic features from 
totemism as found elsewhere. The totem arising here out of a mythic 
adventure—in other words, out of the imagination of its owner, or that of 
his ancestors, or from individual su’lia acquired in dreams or visions—it 
is not surprising that our Indians do not regard themselves as descended 
from the prototypes of their totems. And when it is remembered that 
they all believed that animals and many other natural objects were only 
transformed men and women, and that the relation between these and 
themselves was of an intimate nature, the significance of this feature 
becomes the greater. If their totems had not been evolved from their 
earlier su’lia, nothing would have been more natural than for them to 
regard themselves as descended from their totem prototypes. But they 
do not ; and in this all competent observers agree. It may be that among 
those peoples that regard themselves as related to, or descended from, their 
totem prototypes nothing equivalent to su’liaism existed. Without this 
intermediate stage it is possible, as many primitive races look upon animals 
as only transformed human beings, that the totem possessor regards him- 
self as related to it by descent. Personally, my experience does not extend 
to such races, and T have no knowledge of such concepts ; but I can well 
understand, knowing, as I do, the extreme difficulty of getting at the inner 
thoughts, beliefs, and conceptions of races on different planes of culture 
from our own, that a hasty or superficial observer would conclude that 
our Indians believed themselves to be descended from their totem proto- 
types. Indeed, I have seen and heard it so asserted. It is clear, there- 
fore, that the totemic question is one requiring great care, much patience, 
and an open mind for its study. 

I have said of the Tcil’gé'uk siii’m that he was also the tribal high- 
priest. Among the Kwa/ntlen he was pre-eminently so. No religious 
ceremony or observance could be carried on without his officiating pre- 
sence. His religious functions must not be confounded with those of the 
sgeli’m. They were quite apart and different from those of the shamans. 
On the occasion of any public calamity, such as a widespread sickness, 
times of famine and want, during meteorological disturbances or abnormal 
celestial and terrestrial phenomena, such as violent storms, prolonged 
droughts, earthquakes, and eclipses, he it was who led and conducted the 
prayers and confessions of the people and invoked the pity of tz tcitcil 
sid’m, or ‘the Sky chief, whom he addressed as Cwai' Etsen, i.e., ‘ parent,’ 
or ‘ Father,’ or ‘Creator.’ He would bid the people come together on 
these occasions and pray and dance ; the latter action being regarded as 
propitiating and honouring in their estimation. As they danced the 
people would hold their hands aloft. At the close the chief would bid 
them place them on their breasts and repent of their evil deeds and 
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thoughts.! I obtained one of their s’émi’n or prayers in the original 
Kwa‘ntlen, which was used during times of earthquake or eclipse. It isas 
follows :—‘O siii’m Cwai'EtsEn so’qmis-t6Q, nEtcima’ Es-mé sé’sd 1 tE-na! 
te/mEH ? Ne-stlé kwens i tk-na’ ms-ya'és-etl te’meEn.’ Translated into 
English it runs thus: ‘O supreme Father, have-pity-on-me. Wherefore 
hast-thou-brought me here on this earth? I desire to live here on this 
earth (which) thou hast made for me.’ 

Of the Feasts of First-Fruits, the Kwa/ntlen, according to my inform- 
ants, observed only the Feast of Salmon. This was celebrated after the 
salmon had been running three days. -A salmon would then be caught, 
and brought reverently on the arms of the fisherman (who must not touch 
the fish with his hands), and given to the siii’m, who then uttered a s’é’min 
over it, after which it was cooked and a morsel of it given to each 
member of the tribe. The ceremony throughout was conducted much as 
described by me in my Report on the Lower N’tlaka’pamug. 


Dances. 


Besides the religious dances, in which all the people joined, there were 
the social, totemic or su’lia, and shamanistic dances. These were divided 
into two classes, each called by a special distinguishing term, viz., smé’tla 
and skwaié'lin. The former were the ‘dream’ or su’lia dances, the latter 
the common social and religious dances. Of the smé’tla? dances the 
Kwa’ntlen had apparently a great number. I secured the names and 
some account of some eight of these. They are as follows :— 


1, Stewa/nok, or ‘ war dance.’—This was exclusively a warriors’ dance. 
It was of slow and stately movement, and was always performed on the 
eve of a fight. Sometimes it appears to have been performed during the 
winter festivities as well, the winter season being pre-eminently the period 
of dancing and social gatherings of all kinds. 

2, Siu'tlnuk.—The characteristic feature of this dance was the burn- 
ing of food and grease in the fire by the performer. He also scattered 
much down over the fire. I could not learn the significance of these acts. 
The movements of the dance were rapid. 

3. Skd' kwetl.—This was similar to the last, only the movements of the 
dancer were in this case slow and solemn. Notwithstanding this the 
dancer always steamed and sweated ina copious manner. 

4. Snu/kwimetl.—This was par excellence a ‘sweat’ dance. It was 
likewise of slow and gentle movement. The owner of this dance had 
seen his ‘ familiar,’ the snz’kwimutl, sweating in his dance in his dream ; 
hence he himself always sweated prodigiously whenever he performed his 
su'lia dance. He must dance with a soft and gentle tread; for if he 
struck the ground hard it was believed he would soon die. 

5. Tlaguke'lem = ‘cold’ dance.—Whenever the owner of the su’lia 
of this name performed his dance he shivered violently with cold. His 
‘familiar,’ 7acwkélum, a kind of ice-bird, was supposed to have had his 


' This savours suspiciously of later Roman teaching, though it may be genuinely 
Kwa/‘ntlen or Halkdmé'len in its origin and practice. 

* Dr. F. Boas makes this term a borrowed one, and regards it as of Kwakiutl 
origin. It is so universal among the river tribes that I am disposed to think that 
view needs reconsideration. As far as its form goes it is as truly Salish as 
Kwakiutl, indeed more so, having here the prefixed s, which converts the yerb into a 
yerbal noun—a characteristie strikingly Salish, : 
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abode in the Arctic or northern regions ; hence the shiverings. The 
movements of this dance were active to a degree. I call attention to the 
condition or state of the dancers in these last three dances—the two with 
gentle and slow movements always steamed and sweated prodigiously, the 
last, with violent and active movements, shivering violently and visibly 
with cold. These were the characteristic features of the dances, They 
afford examples, I think, of the power which the mind or imagination of 
these dancers exercised over their bodies. Their condition, provided it 
was genuine—and I see no reason to doubt it—can only be explained by 
auto-suggestion or hypnosis. The psychological aspects of these and other 
shamanistic practices and performances deserve more attention and study 
than have hitherto been accorded them. 

6. Sqov’agi.—This was the dance belonging to the totem of this name. 
Its members performed it on most festive and ceremonial occasions. 
Generally they were hired for the purpose. The sqoi’aqi figured largely 
in the naming-feasts of chief’s and other notable men’s sons. 

7. Skat’Ep = ‘blood’ dance.—The performers in this dance cut and 
scarified themselves with stone knives till the blood ran from them. 
Blood was said to ooze from their mouths. At the conclusion of the dance 
they would rub their hands over their blood-besmeared bodies, and all 
trace of it was said to disappear. This is a dance common to most, if not 
all, of the river and coast Salish. The spectacle of the dancer devouring 
a live dog, or tearing it piecemeal with his teeth, was also a feature of 
this dance. 

8. Laiwstd'lem, ‘fire’ dance.—This was pre-eminently a shamanistic 
dance. The performer in this would handle fire, place hot coals in his 
mouth, and dance upon hot stones. It is, of course, difficult now to ascer- 
tain, with any degree of certainty, how far these performances were 
genuine. Eye-witnesses of them, both native and white, are unanimous 
in declaring that these fire-shamans could handle fire and burning objects 
and dance upon scorching hot stones without apparently burning or 
otherwise harming themselves. The late Bishop Durieu, who spent over 
forty years among the Indians of this district, once told me himself, in a 
conversation on this subject, that he had seen a shaman handle burning 
brands without apparent hurt to his hands. He said he had been 
preaching to the tribe of the power of the Christian’s God, and had 
observed an Indian squatting apart by himself in a far corner of the house. 
When he had finished his discourse this man came forward, and made some 
remarks to the effect that it was all very well to talk, but the proof of the 
pudding was in the eating. Could the white medicine-man give them an 
example of his ‘power’? and he thereupon challenged the Bishop to a 
contest with himself. Said the Bishop : ‘ He seized from the midst of the 
fire, in his naked hand, a fiery burning brand, and held it there for some 
time, and then offered it to me. I declined, and was straightway scoffed 
at by him and his friends ; but eventually I turned the tables upon him 
by declaring that his power came from the Wicked One, with whom I could 
have no dealings, and not from the true God.’ The Bishop’s long experi- 
ence with the native shamans, and his observations of their undoubted 
supernorma] powers, led him to the conviction that they were assisted, 
after the manner of the witch of Endor, by ‘familiar spirits.’ However 
one may explain such cases, the fact of their possessing these powers is 
witnessed to by most credible and intelligent observers. The common 
view of these performances is that all are tricks, sleights of hand, or 
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deceptions of some kind, and nothing more. Those familiar with the 
results of the investigations of the Society for Psychical Research into 
these and kindred phenomena will not be disposed to dismiss these 
accounts in so convenient and offhand a manner. That much of the 
performances of the old shamans was pure humbug I do not myself for a 
moment doubt ; but I cannot bring myself to believe that all falls under 
this head. In the case of the fire-handlers—and it must be remembered 
only a few shamans possessed the power to do this—their immunity from 
harm may be, and very probably is, due to some psychic condition, such 
as auto-hypnosis. Hypnotism, as I pointed out in my remarks on the 
Sk-qo’mic dancers in the last Report, plays an important ré/e in shaman- 
istic performances. Another strange power in the case of some of these 
shamans is their seeming ability to drink, or otherwise mysteriously dis- 
pose of, large quantities of liquids, such as water and oils, which have 
been used in shamanistic rites. Jason Allard, one of my informants on 
the Kwa/ntlen, a half-breed of considerable education and of superior 
intelligence, and in no way disposed to be credulous in such matters, told 
me incidentally that he had seen the last sgend’m of the Kwa/ntlen drink 
a large milk-pan full of oil, which he had used upon a sick girl. His 
surprise at the man’s feat caused him to ask how he could take so much 
nauseous liquid into his stomach. The reply he got was: ‘I didn’t drink 
it ; my sw'lia took it away.’ Others of that district, both white men and 
natives, have assured me that they had seen the same man drink down 
two and three buckets of water successively, each bucket holding between 
two and three gallons, and when they looked to see him swell up his appear- 
ance was quite natural. He would perform this feat in the house before 
them all, in their midst, where he had no opportunity of disposing of the 
water in any other way than by drinking it. Before exhibiting his 
powers in this way he would always go through his ‘dream’ dance ; and 
after his feats he would lie down in a trance state for some time. 


In explanation of these feats it may be that the long fasts and pro- 
tracted visions and trances the shamanistic novice undergoes in his search 
for his ‘familiar spirit’ may give him certain hypnotic or other super- 
normal powers not possessed or understood by the ordinary individual. 
Those familiar with the extraordinary phenomena of experimental hypno- 
tism will have no difficulty in understanding this. .At any rate, however 
these shamanistic feats are explained, they are worthy of careful study 
and investigation. It is not enough to put them aside with the assertion 
that it is all humbug, ignorant superstition, or crass credulity. 

All dancing was accompanied by singing. [Each performer had his or 
her own dance-song, called sewwz'n, in contradistinction to the ordinary 
song or stv'/eEm. As arule the performers in the smé’tla dances always 
danced singly, one at a time. It would appear, also, that all of them wore 
a special kind of headgear for the occasion; not masks, but a kind 
of cap. 

The shamans among the Kwa/ntlun were of three classes, as among 
the Pila’tlq, and called by the same names, viz., sqend/m, seuwé’n, and 
seu'wa. Shamanistic contests seem to have been common and popular, 
and were indulged in whenever shamans of different tribes or settlements 
came together. Most tribes have a number of stories telling of these 
contests. I gathered the following from the Kwa'ntlen. A certain 
shaman invited several others of his class to his house, and then called 
upon them to show their thaumaturgical powers. The first to respond to 
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the invitation began in the usual way with his dance and seuwr’n. After 
a while he showed them a peculiar stone and bade them note it. He then 
cast it into the fire, and a moment afterwards it was heard to fall upon 
the roof. Another then began his dance and seuwr’n. Presently he 
showed them two stuffed mice. These he cast into the fire, and two live 
mice were seen to come out of a hole in the ground close by. <A third 
then exhibited his ‘medicine.’ This man commenced his dance with a 
large feather in his hand. After he had been dancing a while he threw 
the feather into the fire, and a moment later it came up from a hole in the 
ground and stood up and danced. The last to perform was an old man, 
He begged someone to do his dancing for him ; but no one complying, he 
-cast into the fire some native fish-hooks he had in his hand, whereupon 
‘they flew hither and thither and fixed themselves in the lips and mouths 
-of the bystanders, from which they could not remove them till he himself 
-did so. The stories in the native Kwa/‘ntlen text below also relate 
‘instances of these shamanistic displays. The following account of some 
-shamanistic feats was given me by an old settler who has lived among the 
Kwa/ntlen people for a great many years and has an Indian wife. He 
erelates that at a shamanistic performance at which he was present he saw 
-a shaman take a feather and stick it apparently into a piece of rock. 
“The stone then began to roll about, but the feather remained in it. 
-Another wore in his cap a number of dried birds’ heads. He took these 
-out of the hat and threw them into the air, whereupon each became a 
vliving bird and flew about the shaman, Another took a bucketful of 
vwater and danced round it for awhile. Presently a little fir-tree was seen 
“to grow out of it, each branch of which was tipped with feathers. 
. Another, to show his powers, sat with his feet and lower limbs in an oven. 
» Presently water began to run out of the oven and put the fire out ; but 
\when.he withdrew his legs and feet the water disappeared and the fire 
ecame again. 
These are samples of the thaumaturgical skill of the Salish shaman. 
I may add that I regard these feats as quite distinct from those more 
psychical conditions and manifestations before alluded to, They appear 
paltry beside the thaumaturgical powers of the conjurers of India, or even 
of our own professional wonder-mongers. 


Qiils, 

Qals, the Transformer, was invoked as a deity by the Kwa/ntlen. 
They believed it was he who instituted the Feasts of First Fruits and 
taught them to pray. According to them the muddy waters of the Fraser 
were caused by Qals beating out the brains of one of his brothers and 
throwing them into the stream. Up to this time the waters were clear. 
He did this that they might the more readily catch the salmon. He also 
taught the sqené’m their sewws'n or dance-songs, and bade them sing 
them when they wanted his help in healing their patients. According to 
my Kwa’ntlen informants the Qals were eight brothers. This lack of 
definite concepts concerning this marvellous being, and the conflicting 
accounts of his personality, or personalities, and character among the 
different coast and delta Salish tribes, would seem to indicate that his 
cult has been adopted by them since their migration hither, and was not 
one originally belonging to the whole undivided stock. Higher up the 
river, above the Halkomé'lem tribes, he does not appear to be known. — 
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Naming Ceremonies. 


These ceremonies among the Kwa’ntlen appear to have been made the 
occasions of general festivity and feasting. Every prominent or wealthy 
man in the tribe would hold a naming feast as soon as his son had reached 
the walking age, and hire one or more members of the sqoi‘aqi totem to 
be present and assist him to celebrate the event. His neighbours would 
also take advantage of the occasion to dance and sing their ancestral 
seuwr’n. In doing this it appears to have been incumbent upon them to 
make generous distribution of blankets, &c. Not todo this was considered 

.dishonouring to their ancestors and their su’lia. When all these minor 
performances were over, the sqoi’aqi would dance with the child to be 
named, holding him by the hand. If there were several members of the 
totem present, they would dance round the child in a circle. Only very 
wealthy persons could hire large numbers of the sqoi’aqi, each having to 
be paid many blankets for his services. After this dance was over a chief 
of some friendly tribe, present by special invitation for the purpose, would 
declare in a loud voice that the child would be known thereafter by such 
and such a name. ‘These names were always ancestral names, taken from 
either side of the family. In the case where no sqoi’aqi were hired the 
father of the child to be named would mount upon the roof of the house 
and conduct the ceremonies there himself. A number of blankets would 
be stacked at his side. He would first sing his songs and perform his 
swlia dance, or those of his ancestors, after which he would call out the 
names of those he had specially invited, and as they came forward in the 
order of their social rank, present them with one or more blankets each. 
When all his chief guests had received their presents he would swdils the 
rest among the younger men. A great feast consisting of game and fish 
would next be indulged in. During the feast one of the elders or a 
prominent guest would declare the new name of the child, and the rest 
would express their satisfaction and approval. It was the aspiration of 
every man to outdo his fellows in the number of his guests invited and 
the quantity of blankets and other gifts distributed. His social rank was 
in a great measure determined by his ability to excel in these respects. 
The more members of the sqoi’aqi he could hire, the larger the number of 
guests he could invite, and the greater the quantity of blankets and other 
gifts he could distribute, the higher became his social position in the eyes 
of his own and neighbouring tribes. 

The mortuary customs of the Kwa’ntlen do not appear to have differed 
materially from those described among the Pila’tiq. According to my 
Kwa’ntlen informants, the men who handled and prepared the corpse for 
burial belonged to a special order or class, the office descending from 
father to son, much as did that of the paraschites among the ancient 
Egyptians. But while these among the Egyptians were despised and 
abhorred by their fellows, and made to live apart from the rest of the 
community, the spolakwe'tsa of the Halkomélem were held in honour and- 
received substantial honoraria for their services, 


LINGUISTIC. 


The phonology of the Kwa’ntlEn does not differ in any material point from that: 
of the Tcil’9é’uk. My general remarks on the Tcil’Q@é’'uk noun apply here also. I 
collected a few specimens of the incorporative noun, which I append here. The 
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forms are not quite the same in some cases, but a common principle is seen to run 
throughout all the dialects :— 


Makwetl-sen-tsEn, I hurt my nose. Cf. the independent form mu'ksen. 

Makwetl-drs-tsen, I hurt my eye. C/. the terms for right and left eye. 

Makwetl-rs-tsEn, I hurt my face. C/. this with N’tlaka'pamug independent 
term, of which it is an abbreviated form. 

Makwetl-tcis-tsrn, I hurt my finger or hand. This is the common incorporative 
form seen in all ‘ hand’ syntheses. 

Makwetl-Hen-tsgn, I hurt my foot. Common form for ‘ foot’ syntheses. 

Makwetl-tlina-tsrn, I hurt my ear. Cf. with ¢/aniz, the independent term for 
‘ear’ in N'tlaka’pamuq. 

MakweEtl-Ewkts o7 EwFtl-tsEn, I hurt my back. This is an abbreviated form of 
the independent slukuwetl = back. 


It will be seen that the incorporative nouns in this dialect, though the syntheses 
are differently formed, are much the same as in the other dialects examined. Some 
are abbreviations of the independent form of the same word, others are from 
synonymous terms which are seen to be independent forms in other dialects. 


NUMERALS, 
CARDINALS, 
1, nz'tsa. 20. c’kwic. 
2. yise’la. 21. ckwic i-tE neg’tsa. The other 
3. tlaQ. units follow in like manner. 
4. Haii’sen. 30, tlagetlea. 
5. tl’ka’tcis. 40. Ha’senca, Ha’sentlcq. 
6. t’qum. 60. tlu’kEtlea. 
7. tsauks, 60. t'qu’mEtlca. 
8. t'kii/itsa, 70. tsau’ksEtlea. 
9. tig. 80. t’kai’tcEtlea, 
10. a’pEn. 90. ttiqEtlca. 
11. a’pEn-i-tE nE'tsa, 100. nE’tsowits. 
12. a'pEn-i-tE yisé'la. 1000. &'pEnEtlcii'lits. 


The ‘ teens’ all follow in like manner. 


The conjunction seen here is the commonest form in the Salish dialects for ‘ and’ ; 
the other element ¢u is the definite article. 


ORDINALS. 
Ist. yu'iin. 6th. st’qu'ms, 
2nd. sisii/ lus. 7th. stsau’k’s. 
3rd. stlags. 8th. st’kai’/tskEs. 
4th. seud’sEns. 9th, stiiqs. 
5th. stlka'tcHs. 10th. sa’pEns 


It will be observed that the ordinal numbers differ in Kwa/ntlEn from those found 
in Tcil’Qé’uk, which are formed by cumbersome circumlocutions. Here, with the 
exception of ‘ first,’ the formative element sis added after the manner of forming 
abstract nouns. It differs, however, from the abstract noun in having s both prefixed 
and suffixed. A comparison of the ordinal numbers in the different Salish dialects is 
very interesting, scarcely any two agreeing in form. 

There are in Kwa/ntlEn a great number of class numerals. They are found 
among the ordinals as well as among the cardinals. Thus we have :— : 


yin, the first man. sEQitle’lis, the fourth man 
siyii/sElis, the second man. stlkiitsi'lis, the fifth man. 
sQi'lis (?), the third man. sEpi'lis, the tenth man. 


PARTITIVE NUMERALS. 


first part, tn/tsamot. third part, tla’qQEmot. 
second part, yise/lamo. fourth part, Haiisemot. 


ON THE ETHNOLOGICAL SURVEY OF CANADA, 417 


CLASS NUMERALS. 


1 man, no’nsa. 6 men, t’qu’mela. 
2 men, yiaise'la, 7 4, tsauksi’la. 
3 ,, tligé’la. 8 ,, t’kaitesE’ila, 
4, Hiasé’la. 9 4, ta'qila. 
5 ,, tlkatca/la, 10 ,, a’/pala. 
Blankets Bande ct 
— Houses Canoes Trees | Poles, &e. es fe booms of 
things logs, 
2 huts, &e. 
1 | ne’tsautg | nEtsaQi'tl |snn’/tsalp| snF'tsa- | nE’tsEl- nE’tsus -awok 
mats wut 
2 | sEm’p’tq | samodqi’tl |si’salp 
3 | tleqautg 


DISTRIBUTIVES. 


These are regularly formed by reduplicating the first syllable of the cardinal}, 
numbers, thus :— 


nEtnb’tsa, one each; yisyi’sEla, two each; 4pa’pEn, ten each. 


MULTIPLICATIVES, OR NUMERAL’ ADVERBS. 


After the first two these are regularly formed by suffixing the formative particle 
atl to the cardinal numbers, as in N’tlaka'pamuq, thus :— 


nE'tsauQ, once; siima’, twice; tliga’tl, thrice; Haii/senatl, four times; a’pknatl, 
ten times, ; 


PRONOUNS. 


PERSONAL PRONOUNS. 


These, as is common in the Salish tongues, are of three classes: the independent, 
the inflectional or copulative, and the incorporative or synthetic. 
The independent are :— 


ens, I, me. tl’ne’mEtl, we, us. 

no’a, thou, thee. tlilep, tl’wilEp, ye, you. 
tEsi’ or t’si’, he, him. t’sa-li (common), they. 
SE or ga, she, her. yé-sii’, they (masc.). 


yé-ci’ or yésE’, they (fem.). 


Besides the above forms for the third person we find the ¢é-t/a or tau-tla, he, 
him ; ¢o-tla or cau-tla, she, her; taw'-tlalem, they, them; tla'lem, they, them, seen 
in the Tcil’gé’uk. The usage of these may best be seen in the Kwa/ntlmn text below. 
The first person singular has a selective form, thus: tz ensa. In Kwa/ntlEn the 
presence of the demonstrative tz with the pronominal forms appears always to give 
a selective significance to them. It is not regularly compounded with them as in 
Tcil’gé'uk and some other dialects, where its uniform use has apparently caused the 
pronouns to lose their selective force. The Kwa’ntlEn seems, therefore, to show ug 
the reason why this demonstrative particle came to be compounded with the pro- 
nominal forms. The Kwa’ntlEn use also an emphatic form of the independent pro- 
nouns, as follows :— 


wa-n-e’nsa, I myself. wa-tl’nEmEtl, we ourselves. 
wa-En-n6’a, thou thyself. wa-tl’wilep, you yourselves. 
wa-tla (t6-tla), he himself. wa-tla-lem, they themselves. 


wa-tla (s6-tla), she herself. 
1902. EE 
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A more literal translation of this would be: It is I myself, &c., &e. 
The inflectional or copulative forms are as follows :— 


-tsEn, I. -tst, we. 
-tcug, thou. -teap, you. 


The third person has no inflectional pronoun; but when the subject of the verb 
is the third person the particle ~s is suffixed to the stem. This zs is, I believe, a 
substantive verb. It appears only in transitive verbs, and its presence converts the 
verb into a noun, giving it the character partly of an infinitive and partly of a 
gerund, This is clear from the fact that it appears in both numbers alike ; and if 
we want to distinguish between the singular and the plural, the masculine and the 
feminine, we must add the demonstrative forms used for the third person to it. 

The forms for the first and second persons, as may be seen in the paradigm of 
the verb below, undergo modification in the conditional, optative, and other moods. 

In the present and the simple future tenses of the verb the pronouns are 
regularly suffixed to the verb stem in Kwa’ntlEn; but when the verb takes on 
auxiliary verbs and modifying particles, the pronoun is generally attached to one or 
other of these. In certain expressions, particularly those of an obligatory character, 
this rule is broken and the pronoun is attached to the verb stem (see under 
‘ Verbs ’). 

It will be noticed that the first person plural differs in form from that found in 
Tcil’Qé'uk, which corresponds to the Skqd’mic. 

The locative adverbial particle nz is regularly used with the third person when 
he or she is absent, or when the action was done in the past. Thus: nz kai’EtEs 
kw’sEn skwomai’, he killed my dog; 27 ts’ stElEkai'i, he has some horses. 


INCORPORATIVE OR SYNTHETIC PRONOUNS. 


These are best seen in their syntheses, Thus :— 
tsa’ wEt-sdimd’-tsEn-tsa, I will help thee. tsa’ wHt-ta'la-tsin-tsa, I will help you. 


tsa wEt-tsEn-tsa, I will help him. tsa’ wEt-tsEn-tsa, I will help them. 

tsa w-i¢-tcvQ-tsa, thou wilt help me. tsa’ wEt-ta'log-tciig-tsa, thou wilt help us, 
tsi'wEt-tcig-tsa, thou wilt help him. tsa’ wEt-tciQ-tsa, thou wilt help them. 
tsa’w-i¢-tcip-tsa, you will help me. tsa'wEt-td'lég-tciip-tsa, you will help us. 
tsa'wEt-tciip-tsa, you will help him. tsa'wEt-tciip-tsa, you will help them. 
tsa’ w-Es-sdimps-Es-tsa, he will help me. tsai’wEt-té'/d9-Es-tsa, he will help us. 
tsa’w-Es sdém-tsa, he will help thee. tsa'wEt-ta'lem-tsa, he will help you. 
tsa'w-ic-Es-tsa, they will help me. tsi’ wt-td'ldq-Es-tsa, they will help us, 
tsi'w-Es-sé'mpts-tsa, they will help thee. _ tsa’ wut-té'lzm-tsa, they will help you. 
tsa’ wa-tsamd’-tst-tsa, we will help thee. tsa'wa-ta'la-tst-tsa, we will help you. 
tsa’ wEt-tst-tsa, we will help him. tsa’wEt-tst-tsa, we will help them. 


tsa'wa txl-tst-tsa, we will help one another. 


The stem of this verb ‘to help’ is ¢sé’wa. The termination -x¢ is the sign of the 
active verb. It is very interesting to observe how this suffix is sometimes dropped 
in the singular forms, but rarely in the plural. As in the other Salish dialects 
examined, there are no specialised forms for the third person. 

1t will be seen from the following examples that there are secondary forms 
for the synthetic pronouns in Kwa/ntlen. I did not observe this feature in the 
Teil Qe'uk. 


kwEts-ndla-tsEn, I see you; kwEts-nd/md-tskn, I see thee. 

kwEts-ntiq-tsEn, I see him, her, it, them. 

né-tsEn-kwEts-nuq, I saw him, her, it, them. 

kwEts-ndé'md-tsEn-tsa, I shall see thee; kwEts-nd'la-tsin-tsa, I shall see you. 
(ni-) kwEts-maunis, he saw me; (ni-) kweEts-nd'lonis, he saw us. 

(ni-) kwEts-ndm, he saw thee; (ni-) kwEts-nd’/lEm, he saw you. Pog 


I think this difference in form is due to the nature of the verb, the former being 
used with active, the latter with neuter verbs. These latter forms bear a resem- 
blance to forms seen in the passive voice of the verb. The nig of the third person 
is the determinative particle treated of elsewhere. ‘The ‘him,’ &c., here referred to 
is a particular, determined ‘him’; hence the use of nig. 
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POSSESSIVE PRONOUNS. 


The differences between these and the corresponding forms in Tcil’Qé/uk are not 
very great; but such as they are, they have an interest for the linguistic student. 
One of the most notable of these differences is the presence and use of » in the 
second person singular. The same feature is seen in some of the interior dialects. 
The choice between the rn and the xs forms seems to be guided by euphonic laws, 
as they are not used interchangeably. There are also distinct forms to mark the 
object possessed as feminine or masculine. I did not detect this feature in 
Tcil'gé uk, although it appears to exist in the Halkomé’lEm speech generally. The 
form for the first person singular in Kwa/ntl&n, as will be seen, differs from the cor- 
responding form in Sk:qo’mic and Tcil’Qé/uk. The difference between the simple 
form and that compounded with the demonstrative in Kwa'otlen is that the former 
is general in significance, the latter selective. The rule for the use of the two forms 
will be best understood by an example, thus: x is used in answer to such a question 
as ‘Whose is this?’ when only one person is present besides the questioner, If 
there are several others present, then the answer will always be Zx-nz. It is clear 
from this that the particle ¢z used with the pronominal forms is the regular 
demonstrative. 


FIRST PERSON, 


Singular. 


nE, my (common form with masculine object). 

tE-n#, or shortly tH-n, my (selective form with masculine object). 
nE, my (common form with feminine object). 

SE-nE, or shortly sE-n, my (selective form with feminine object). 


It is clear from these examples that the formal gender of the pronouns is derived 
from the demonstrative, which alone has distinct forms for masculine and feminine, 


Plural, 


. . . tst, our (common form with masculine or feminine object). 
th... tst, ,, (selective form with masculine object). 
SE... tst, ,, (selective form with feminine object). 


SECOND PERSON. 
Singular. 


En or Es, thy (common form with masculine or feminine object), 
tH-En or tE-Es, thy (selective form with masculine object). 
sE-En or SE-Es, thy (selective form with feminine object). 


Plural, 


En or Es . . . EIEp, your (common form with masculine or feminine object), 
th-En or tE-Es , . . ElEp, your (selective form with masculine object), 
SE-En or SE-Es . , . ElEp, your (selective form with feminine object), 


THIRD PERSON. 
Singular 


. . + 8, his or hers (common form with masculine or feminine object), 
tE . . . 8, his (selective form with masculine or feminine object). 
BE... «28, her ( ” ” ” ” ». 


The plural is the same. If it is desirable or necessary to distinguish them from 
the singular, the demonstrative forms for the plural are added. 

The above forms are used when the object possessed is present and visible. The 
‘invisible’ and ‘absent’ forms in Kwa/ntlen differ a little from the corresponding 
forms in Tcil’9@é'uk. They are as follows :— 


Hk? 
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Object Present but Invisible to Speaker. 


kwE-nE = my, as kwE-nE skwomai, my dog (object masculine). 
This form is frequently contracted to kwEn’. 
k’tlen = my, as k’tlen mismis, my cow (object feminine). 


Object Absent and Invisible to Speaker. 


K’s-sii-nE, often contracted to k’s’tin’, my (object masculine). 
K’s-tlEn, my (object feminine). 


The same elements are used with the pronominal forms of the other persons. 


EMPHATIC FORMS. 


The same rule applies to the other pronominal forms with respect to common 
and selective, masculine and feminine forms, 


nE-swa, my own. sa'atl, our own. 
2 } 

ae cia } thy own, Es-swa’flEp, your own, 
I ’ 

to-swas, his own. to-swas, their own. 


sE-swas, her own. 


* SUBSTANTIVE FORMS. 


nE-swa, mine. sa/autl, ours. 
Hs-swa, thine, Es-swa’ElEp, yours. 
swas, his, hers. swas (a’tltEn), theirs, 


POSSESSIVE WITH Verbum Substantivum. 


tla-wa-n’-swa, it is my or mine; tla-wa-sa/autl, it is our or ours. 
tla-wa-En-swa, it is thy or thine; tla-wa-EswaElep, it is your or yours. 
tla-wa-swas, it is his, her, or hers; tla-wa-swas (atltEn), it is their or theirs, 


‘POSSESSIVE WITH Verbum Substantivwn AND DEMONSTRATIVE. 


tla-n’-swa ti, this is mine; tla sa’autl ti, this is ours. 
tla swa ti, this is thine; tla-EswaElep ti, this is yours. 
tla swas ti, this is his, hers; tla-swas (atltEn), this is theirs. 


The Kwa’ntlen also use the prepositional form for the third person when the 
owner’s name is mentioned. Thus: skwomai’ t/a John, the dog of John. Posses- 
sion or ownership is also marked in Kwa/ntlEn in the following manner :— 


é-tsEn ts’ skwomai, I have or own a dog. 
n-é-tcig ts’ skwomai, you have a dog. 

é-tst ts’ skwomai, you and I have a dog. 

é-tst ts’ skwomkwomai’, we have some dogs. 
é-tst ts’ skwomai’ é-totla, he and I have a dog: 


This last is particularly interesting in its construction. The particle ts’ which 
js seen here appears to be wanting in the corresponding expression in Tcil’Qé’/uk. 


INTERROGATIVE PRONOUNS. 


Singular—Wet ? who? Wet kwa ya’is tE 1a’lem? who made this house ? 
Plural—Wet-yisa’ or tlatlswet. Wet tciq? who are you? Wet t’sii’? who is that? 
Wet-yisii’? who are they? 
To-wet? whose? Tod-wet siais te 7? whose work is this? or, who did this? 
To-wet 1a'lzem ? whose house is that? ‘'To-wet tE-ni? whose is that? 
4am? what? Stam t’si? what is that? Stam kwa Es-stlé? what do you 
want ? 
But ‘ what man ?’ is thus rendered: wet swé’Eka ? 
Kwa nEtsa? which? ad litt. ‘a one?’ 
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DEMONSTRATIVE PRONOUNS. 


tE (masc.), sE (fem.), t’sii’ or tEsi’ (common), he she. 
yési’ (masc.), yécé’ (fem.), t’si-li (common), they. 

tE-i (masc.), ti, tH-na’ (masc.), sE-na’ (fem.), this, these. 
tH-ni’ (masc.), sE-ni’ (fem.), that those. 


INDEFINITE PRONOUNS. 


wet-al, anyone; au'ita-wet, no one. 
yEsia’, someone ; used as the on in French. 


REFLEXIVE PRONOUN. 


namit, self. 


DEMONSTRATIVES. 


These do not differ from the Tcil’9é'uk forms already given, except in the sub- 
stitution of 2 for 7. ‘The Kwa/ntlen, however, appear to express the distinction 
between the attributive and the predicative adjective in conjunction with a demon- 
strative differently. Thus they say @ tz /a'lum, this house is good; but @ tz la/lzm, 
this is a good house. In Tcil’gé’/uk the distinction is effected by a difference in the 
order of the words; in Kwa’ntlxn by the use of different demonstratives. 


ARTICLES, | 


These are identical with those in Tcilgé’uk, and their functions appear to be 
the same. 


ADJECTIVES AND ADVERBS. 


My remarks on these in the Tcil’Qé’uk apply equally here. The syntax of these is 
apparently the same in all the Halkomé’lEm dialects. It may be added, however, 
that a study of the native texts reveals the fact that certain temporal adverbs 
‘govern’ the subjunctive mood. Thus I may say sqélins, ‘he stands’; but ‘he 
stands awhile’ must be expressed thus: t0-h2's h’s-géliuns. Again, amé's, ‘he came,’ 
but wia¢-u-t] 2’s-imé’s, ‘ often he used to come.’ Numerous other examples will be 
found in the native text. 

The comparison of adjectives in the Kwa/ntlin seems to be more regular than in 
Tcil’9é’uk. There appears to be an equivalent to our comparative sign -er, Thus: 


Positive. Comparative. Superlative. 
é, good. tii or t0-é, better. yHlau’wel-é, best. 
kl, bad. tii or t6-k'El, worse. yelau’wel-k’El, worst. 


This ¢&% or t@ which marks the comparative degree is probably the particle to 
which is seen in the pronominal forms of the third person and in certain other pro- 
nominal and demonstrative expressions. It is interesting to remark that the same 
particle appears compounded with wa in the comparative in N’tlaka’/pamuq. 


PREPOSITIONS, CONJUNCTIONS, AND CONJUNCTIVE ADVERBS. 


The forms and functions of these will best be gathered by a study of the native 
text given below. 


VERBS. 


The inflection of the verb in Kwa/ntlmn is effected, as in the other dialects 
examined, by means of particles and auxiliary verbs. The principal of these are:— 
-é, e-tl, z-tl, or é-tl, né, tl, wz-tl, wa, né-tl, tea, or tsa. The functions of.these are best 
grasped by an examination of the paradigms and the native text. 
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VERBA SUBSTANTIVA. 


Of these 2, 7-t7, vd, and xs are the most important. The first does not appear to be 
used apart from other verbs. It seems to have the sense of our am, kc. The last three 
are used both independently and as auxiliaries to other verbs. 1-tl or é-tl appears to 
be the preterite of 2, it being found only in past tenses, thus: tlEm6qQ 7-¢7 tsilakatlit), 
‘it rained yesterday.’ JWé7 is used differently in some of the Halkomé’-Em dialects 
from what it is inSk-q6’micand N’tlaka’pamuQ. In the Kwa/ntlmn it appears chiefly 
in conditional clauses. It seems to be the chief sign of the subjunctive forms 
(see the verbs). It is seen also in verbal syntheses implying obligation on the part 
of the agent, thus: wdé-kwakwot-tsEn, ‘I must strike,’ &c. It is found likewise in 
sentences that begin with a temporal adverb, thus: wia'tl kwEns wa k-a/kii, ‘I am 
often sick.’ In some instances it is used interchangeably with é-tl or i-tl, thus: 
talm6’Hse-tciQ ma (or etl) k‘akau’dQ, ‘ When you are sick you should take medicine.’ 
Again, it and some of the others are seen to enter largely into the construction of 
conjunctions or connectives. In the continuous native text below it will be seen 
that @'-tlis-wd, tla's-wd, and @'-tlds-rs-wii are regularly employed to connect the 
sentences. It is very difficult to translate these expressions into English; and no 
two dialects seem to use the same forms. ss appears regularly in the third persons 
as an auxiliary to transitive verbs. Its presence converts the verb into a verbal 
noun. It appears also with the pronouns of all the persons in certain constructions. 
Thus it may be seen in the form kw’zn-xrs in the sentence, Huta kwE-n-xs kk), ‘ He 
said I was a bad man.’ Again in Huta kw’-xs nEms, ‘ He said he was going.’ 


INTRANSITIVE VERBS. 
sick, h'ahdi. 
PRESENT TENSE. 


These are formed in Kwa’ntlun by the simple juxtaposition of the verb stem, 
noun or adjective, and the inflectional pronouns, thus :— 


(8/ki-tann, Riebaieie. k-a’kiii-tst, we are sick. 
ka’ kii-tcig, thou art sick. k-a’kai-tsap, you are sick, _ 
| k-a’kiii (t'sii, to’tla), he is sick. Plur.} K'@’kili (a’tlten), they are sick. 
leak (oii, s0’tla), she is sick. k-a‘kiii (t0-tla’-lEm (masc.) | they are 
tla’-lem (fem.) 


Sing. 
sick. 


The locative particle 77 is prefixed to the third person, singular and plural, to 
mark absence. Of the two forms in the third person plural, the former is in 
Kwa/ntlmn employed in a particular sense to indicate the members of the speaker's 
own family, the latter in a general sense. 


PRESENT PERFECT AND RESPONSIVE TENSE. 


Singular. Plural. 
é-tsEn-k'a'kai, I am sick. é-tst-k‘a’kiii, we are sick. 
é-tcng-k'a/kii, thou art sick. é-teap-k-a'kai, you are sick. 
é-k‘a’kai, he or she is sick. é-k-a’kiii, they are sick. 


If it is desirable to distinguish between masculine and feminine, singular or 
plural, in the third person, the demonstrative forms given above in the present tense 
are added ; but generally the subject, when in the third person, requires no personal 
elements, the sex and number being understood. The forms of this tense are 
employed only in response to direct questions. A plain statement of fact is ex- 
pressed by the forms of the present tense. It was the same in the Sk-qd/mic, I 
have rendered the auxiliary @ here by ‘am.’ The natives who understand English 
do the same; but it is not the equivalent of our substantive verb. Besides con- 
veying a statement of present condition or action, it carries with it also a sense of 
past action or condition. A more exact translation of the term would be: ‘I am 
being sick,’ &c. &c. When Z is prefixed to a transitive verb the tense is then really 
an immediate past, and is best translated by ‘I have just,’ &c., or by the sub- 
stantive verb with the active participle (see under ‘ Transitive Verbs,’ below). 
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PRESENT PERFECT CONTINUOUS AND RESPONSIVE TENSE. 


This differs from the other by the presence of the temporal particle Qon =‘ still, 
‘yet,’ thus :— 


é-tsEn-Qon-k‘a/kiii, I am still sick ; é*-tst-Qon-k‘a’kai, we are still sick. 


PRETERITE. 

Singular. Plural. 
k-a’ki-e-tl-tsrn, I was sick. k‘a/IkHi-e-tl-tst, we were sick. 
k-a'kii-e-tl-tcig, thou wast sick. k-a'kii-e-tl-tcap, you were sick. 
k-a'kii-e-tl, he or she was sick. k-a'kii-e-tl, they were sick. 


The locative particle nz is added to the third person in both numbers to mark 
absence. 


PAST PERFECT TENSE. 
 @-t]-tsen-k a'kiii, I have been sick; é-tl-tst+k-a’kiii, we have been sick. 
The other persons follow in like manner. 
PLUPERFECT TENSE. 
There is no diffefence between this and the past perfect tehse. 


FUTURE TENSE. 
k-a’kiii-tsen-tsa, I shall be sick; k-a/kili-tst-tsa, we shall be sick. 


‘The other persons follow regularly. 
It is very noticeable how regularly the Salish dialects of this region prefix the 
¥eib stem in the future tense. 


PERIPHRASTIC FUTURES. 


k-A'/kii-yig-tsEn-tsa, I think I am about to be sick, 
sé“'si-tsEn-wa-k'a/kiii-an, I am afraid I shall be sick. 
iwa'wa k-a’kai-tsEn, perhaps I shall be sick. 


OPTATIVE FORMS. 


ka’ kiii-ii’nog tla’al, I wish I was sick: 
n’-stlé kwins-k‘a’kiii, I want to be sick: 


CONDITIONAL Forms, 


kwens or kwmniis k-a’kiii, when I am sick. 

kwhs k-a'kiii, when thou art sick. 

k’s ka’ kiii-tst, when we are sick. 

kwes k-a’kiii-Elpp, when you are sick. 
WE-né-En-c-t]-k'a/kiii, if I am sick, ov if I wére sick: | 
WE-né-Et-e-tl-k a’kai, if we are sick, o7 if we were sick. 
WE-né-0Q-e-tl-k:a'kiii, if thou art sick, or if thou wast sick. 
WE-né-ap-e-tl-k-a’kai, if you are sick, or if you were sick. 
WE-né-Es-e-tl-k'a/kii, if he is sick, or if he were sick. 


QUOTATIVE Forms. 


Hu'ta tsa kwks é-k‘4’/kiii, he said thou wast sick. 
é-Hu'ta k’s-é-tst k'a'kii, he said we were sick. 
é-Hu’ta k’s-Elap k‘a’kiii, he said you were sick. 


DUBITATIVE Fonms. 
iwa'wa k-a’kii-tsen, I may be sick; iwa'wa k-a'kiii-tst, we may be sick. 


The other persons follow regularly in like manner. ' 
It is worthy of notice that these dubitative forttis have, thus far, been different itt 
each dialect examined. 
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NEGATIVE FoRMs. 


aua-tsEn k:a’kiii-En, I am not sick. 
aua-t-st k*a’kii-Et, we are not sick, 


‘The othet peisons follow regularly in like manner. 


auiinog tla’al k:a'kiii-En, I don’t want to be sick. 
aua kwEnEs wid'¢ k-a’kii, I am not often sick. 


MISCELLANEOUS FORMS. 


nEskwii/lion é-tsEn-k‘a'kii, I think or believe I am sick. 
k-a'kais tam (t’sa) tsa, this will make you sick. 

k‘4'kiis tam His tsa, this will make me sick. 
é!-4-teig-ka'kiii ? are you sick ? 

€-tsEn-ka’kai, I am sick, or shortly ¢-tsEn, I am. 

é-4-k'a’kii? is he sick? é-k’a/kii, he is sick, o7 shortly é he is. 
wia’¢ (or wiatl) kwEns wa k'a‘kii, 1 am often sick. 


TRANSITIVE VERB. 


The principal tense signs of the transitive verb are: é, present perfect or 
responsive sign; né@ and né-tl preterit; nZ@ . . . wz-tl, past perfect and pluperfect ; 
and tsa, future. 


ACTIVE VoIcE. 
kwi'kwot, to strike. 


PRESENT TENSE. 


kwa'kwot-tskn, I strike; kwii'kwot-tst, we strike. 
»  -tcia, thou strikest ; " -tcap, you ,, 
~ -Es (tE (masc.) sE (fem.) present, he or she strikes. 
ni ” -ES ” ” absent ” ” ” 
»  -Es (t0tla’lem (masc.) sotla’lem (fem.) present, they strike. 
ni i” =ES oo ” ” ” absent, ,, ” 


PRESENT PERFECT CONTINUOUS AND RHSPONSIVE TENSE. 
&-tsin-kwii’kwot, I am striking; é-tst-kwii’/kwot, we are striking. 
‘The other persons follow regularly in like manner. 
I may add here that ‘ gender’ and ‘number,’ ‘absence’ and ‘presence’ of the 
third petson are uniformly expressed in all the tenses as in the present tense above. 


In the past tenses the Kwa'ntlen distinguish between a recent and a more remote 
action thus : 


Recent Past TENSE. 
ne-tsEn-kwii'kwot, I struck; né-tst-kwi/kwot, we struck. 
The other persons follow regulatly in like manner. 


REMOTER-PAST TENSE, 
né-tl-tsEn-kwi'kwot, I struck ; né-tl-tst-kwii/kwot, we struck. 
The other persons follow regularly in like manner. 


Past PERFECT AND PLUPERFECT TENSE. 
né-tsEn-wh-tl-kwii/kwot, I had striick; né-tst-wE-tl-kwii/kwot, we had struck. 
The other persons follow regularly in like manner. 


FUTURE TENSE. 
kwi'kwot-tsEn-tsa, I shall strike; kwi/kwot-tst«tst, we shall strike. 
The other persons follow regularly in like manner: 
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Besides this regular form, the future is sometimes expressed by adding ndam, 
‘to go,’ to the verb instead of the particle tsa. But this can only be done with verbs 
of action where motion is possible, as: ‘I am going to run,’ and ‘I am going to 
strike,’ &c. It would be impossible to say ‘I am going to be sick,’ ‘I am going to 
be rich,’ &c., with nam. 


IMPERATIVE Moop. 
The imperative inflection in Kwa/ntlmn is ¢/a, thus : 
p 


kwa/kwot-tla! strike ! 
kwié’kwot-tcuQ, strike thou ; kwii’kwot-tcap, strike ye. 
é-tla-kwii'kwot, let me (or us) strike; timit ct kwEs kwi'kwot, strike hard. 


The difference between the personal and the impersonal form is interesting. The 
impersonal form in -t/a is used only when the speaker sees the agent about to strike ; 
or when he is hesitating whether he will strike, &c., or not. The personal forms are 
those commonly employed in giving an order or command. 


FORMS IMPLYING OBLIGATION ON THE PART OF THE AGENT. 


wa-kwi'kwot-tsEn, I must strike. 

wa-kwi'kwot-tciQ, you ,,__,, 

wE-tl-kwa'kwot-tst, we ought to strike. 
” ” -teap, you ,, 5 4 


NEGATIVE Forms. 
PRESENT TENSE. 


au’a-tsEn kwa'kwot-rn, I strike not; au’a-tst kwa'kwot-Et, we strike not. 
au’a-tcug kwa/kwot-0Q, thou strikest not; au’/a-tcap kwa'kwot-iip, you strike not. 
au’a kwa’kwot-Es, he strikes not; au'a kwa’kwot-ks (iatlten), they strike not. 


PRETERITE. 


au’a-tsEn né-’n-kwa'kwot, I did not strike; au’a-tst né-Et-kwa'kwot, we did not 
strike: 
— au’a-tcuQ né-6q:kwa'kwot, thou didst not strike; au’a-tcap-né-iip-kwa/kwot, you 
did not strike: 
au’a né-Es-kwa’kwot, he did not strike; au’a né-Es-kwa’kwot, they did not strike. 


FUTURE, 


au’a-tsiin tsa-kwa'kwot-mn, I shall not strike; au/a-tst tsa-kwa’kwot-Et, we shall 
not strike. 

au'a-tcug tsa-kw4'kwot-dQ, thou wilt not strike; au/a:tcap tsa:kwa'kwoteiip, you 
Will not strike. 

le kwa’/kwot-Es, he will not strike; au’a+tsa kwa'kwot-Es, they will not 
strike. 


IMPERATIVE. 


au/a-tcug kwa'kwot-6q ! don’t sttike it ! 
au'a-tciq kwa'kw’k*’sam¢-6q, don’t strike me, 
au’a-tst kwa'kwot-Bt, don’t let us sttike it, 


It is interesting to observe that the Kwa/ntlmn uniformly suffix the regular subject 
pronoun in negative sentences to the negative, adding a secondary form to the verb 
stem as well. This is not an uncommon feature of the Salish tongues; nor is this 
attachment of the pronominal forms to the adverb confined to the adverbs of negation 
only. Yet not all adverbs are thus treated. 


CONDITIONAL FoRMs. 


wi-kwa'kwot-tskn, if I strike. wi-kwa’'kwot«kEt, if we strike. 
is} » ton, if thou strikest. 3 » “SP, 4, YOU yy 
35 » «Bs, if he strike, Be »  °ES, 5, they y, 
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wii-kwa'kwot-En-é-tl, if I were to strike; wii-kwa'’kwot-Et-é-tl, if we were to strike. 
-0Q- <4], ;, thou wast to ,, ; a 9 -ip-é-tl, if you ,, 53 
3 a -Es-é-tl, ,, he were to 4, 3 55 es -Es-é-tl, if they ,, a 


é-wii!-wi-kwa'kwot-tsEn, I may strike ; é-wi’-wi-kwa’kwot-tst, we may strike. 
The other persons follow regularly in like manner. 
kwEns né-wE-tl-kwa'kwot, when I strike or struck it. 
k’s-né-wE-t]-kwa’kwot-tst, when we strike or struck it. 
OPTATIVE FORMS. 
neE-stlé kwens-kwa'kwot, I wish I could strike it, or I desire to strike it, 


3 kwEs-kwa'kwot-tst, ,, Wwe ,, 33 or we 4; 3 
A » -kwa'’kwot, , thou couldst strike it. 
«, *kwa/kwot-iip ,, you could = 
kewai! kwot-0Q tlaa’l, I wish you would or could strike it. 
As -Et 4, » we could strike it. 


né-wii«stlés k’s*kwa'kwots? did he want to strike it? 


INTERROGATIVE FORMS AND REPLIES. 


ne'-a-kwa'kwotEs? did he strike it ? 
ne-kwa’'kwotEs, he did strike it. 
né'-A-tcng-kwa'kwot? did you strike it? 
né-tsrn-kwa'kwot, I did strike it, or shortly, né-tsun, I did. 
kwa'‘kwot-E-tst ? ought we to strike it ? 

The interrogative sign is @ in Kwa’ntlEn. In §:q0'mic it is 6. 


ITERATIVE FORMS. 


é-tsEn-wii-kwa'kwokwot, I am repeatedly striking it. 
@-tst-wii we are “S 
wil-kwa'kwokwotEs, he is striking it all the time. 
kwa’kwokwot-tciig ! keep on striking it ! 


All iterative or prolonged action is uniformly expressed by reduplication 4s 
above. 


DEPRECATIVE FORMS. 
au’a-tcig kwa'kwot-6Q, please don’t strike it. 


These forms differ from the negative indicative forms only in sound, ‘The final 
a of the negative is drawn out in a beseeching tone in the deprecative forms, 


RECIPROCAL Forms. 
né-tst-kwa'kwot-al, we sti'uck each otlier, 
né-tcap-kwa'kwot-al, you ,, s 

INFINITIVE FORMS. 

kwa’kwot, to strike ; né-kwa’kwot, to have struck: 


PARTICIPLES, 
kwa'kwokwot, striking ; gerund, skwa'kwot. 


The stem of this verb is knakw or kwake. The termination -ot or -ui or xt isa 
fotmative element. It is suffixed to the stem of any active verb when the ‘it’ is an 
indefinite object. It is the indeterminative of action. It may be replaced by nuq 
or nag, the determinative of action: Thus, 2é-tsen-hwa'kn’niiq, I struck it. When 
ni is suffixed the ‘it’ always relates to a known, determined object. 


PASSIVE VoICcH: 
kwakaq, struek. 
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PRESENT PERFECT OF ACCIDENTAL ACTION. 
kwak’né'lem, I am struck; kwak“nd'lEm, we are struck. 
kwak’na'm, thou art ,, ; kwak’tsa’p, you 4 

PRESENT PERFECT OF PURPOSIVE ACTION. 


kwakQEse'lmm, I am struck; kwakqrta'lEm, we are struck. 


IMMEDIATE PAST OF ACCIDENTAL ACTION. 


é-kwak"’nd'lem, I am just struck; ¢-kwak’nd'lem, we are just struck. 


IMMEDIATE PAST OF PURPOSIVE ACTION. 


é-kwakgEsé'lum, I am just struck; ¢-kwakqetd/lEm, we are just struck, 


RECENT PAST OF ACCIDENTAL ACTION. 


ne-kwak’’né/lem, I was struck ; né-kwak’ni'lem, we were struck. 


REcENT PAst OF PURPOSIVE ACTION. 


né-kwakgEs¢e’'lEm, I was struck ; ne-kwakqrEtdlem, we were struck. 


REMOTER PAST OF ACCIDENTAL ACTION. 


né-t]-kwak’'nd’lem, I was struck; né-tl-kwak"'nd’lem, we were struck, 


REMOTER Past oF PuRPOSIVE Action 


né-tl-kwakqxEseé'lEm, I was struck : né-tl-kwakqEtdlem, we were struck. 


Past PERFECT OF ACCIDENTAL ACTION. 


kwakq’nélem-e-tl, I have been struck ; k‘wakq’ndlem-e-tl, we have been struck. 
né-tsEn kwakq, I have been struck ; né-tst-kwa-kQ, we have been struck. 


PAsT PERFECT OF PURPOSIVE ACTION. 
kwakQusii/mHEs-c-tl, I have been struck; kwakqEtaloquEs-e-tl, we have been 
struck. 
PLUPERFECY. 
é-tl-tsen kwaka, I had been struck ; é-tl-tst-kwaka, we had been struck. 


FUTURE. 
kwakq’nélEm tsa i a. kwakqndlem, 
EaAle-taxn-tsa, z } I shall be struck ; wake tst-tea, \ we shall be struck. 


kwakQEsEt-tsEn-tsa, I shall strike myself; kwakQ’EsEt-tst-tsa, we shall strike 
ourselves. 


CONDITIONAL FORMS. 


wii kwakgEsElem, if I am struck; wi kwakqrsEt-Et, if we are struck. 

wE-né-Es-e-t]-kwakQEsélEm, if I should be struck. 

wE-né-ks-e-tl-kwakQEtilem, if we should be struck. 

wii-kwakQgsE't-En, if I strike myself ; wi-kwakQuEsEt-Et, if we strike ourselves. 

. Saieomeiaes if thou strike thyself; wi-kwakQEsiit-iip, if you strike your- 

selves. 

wE-né-En-e-tl-kwak, if I have been struck; wE-né-Et-e-tl-kwaka, if we have 
been struck. 

WE-né-6Q-e-tl-k waka, if thou hast been struck ; wE-né-iip-e-tl-kwakq, if you have 
been struck. 
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WE-né-Hs-e-tl-kwakQ, if he has been struck; wE-né-Es-e-tl-kwaka, if they have 
been struck. 

né-tl-tsEn-s’t-wa-kwakq, I may have been struck ; né-tl-tst-s’t-wa-kwake, we may 
have been struck. 


REFLEXIVE FoRMS, 


wakQ-na'mit-tsEn, I strike myself; kwakq-na/mit-tst, we strike ourselves. 
kwakQ-na'mit-e-tl-tsEn, I struck myself; kwakQ-na'mit-e-tl-tst, we struck ourselves. 


MISCELLANEOUS FORMS AND EXPRESSIONS, 


I have a dog, é-’tsEn ts’ skwomai’. 

You have a dog, nétciig ts’ skwomai’. 

You and I have a dog, é-tst ts’ skwomai’. 

You and I have dogs, étst ts’ skwomkwomai’. 

We have some horses, étst ts’ stE/lEkaii. 

He and I have some dogs, étst ts’ skwomkwomai’ é-to'tla, 

We have some horses, stE'lEkaii-tst. 

He has some horses, ni ts’ sth’ 1ekaia. 

My dog is black, skéq ti n’ skwomai’. 

Your dog is white, prk tk es skwomai’. 

His dog is white, pEk ti skwomai’s. 

Our house is old, sia’lakwa tz 1a'lem-tst. 

My hat is on the table, ni sitsa’ ya'suk-. 

It is under a stone, stlapalwitl tE smiint. 

It is by a stone, splérk tk smiint. 

It is on a stone, tlatluk t& or ni tk smiint. 

It is in the box, nz siné’yi tk kd/akoa, 

Near me, s’tEt#s tl’e’nsa. 

A stone will sink in water, ti smiint t’pil ni t& ka, 

In, on, ni. 

Come with me, mé’tla ska tl’e'nsa. 

Come home with me, mé'tla tak-@ skaé tl’e'nsa. 

I will go with you, nkm-tsEn-tca ska tl’nd’a. 

Let us build a house, é-tla-sé-autgEm. 

Let us make a canoe, é-tla-hiii. 

Let us go there, é-tla-nkm tk ni. 

Let us eat it, é-tla-nEpi’tl, 

The canoe floats on the water, s’pEpak@ tE snu’kqQEtl. 

The moon is bright, stii’tii tk t’kElts. 

The day is clear, cwii’/Ek:Q. 

It is cloudy, cué’EstEn. 

He is making a fire, é-hai'Ekwelsip. 

Give me the horse, mé's-tciiQ tH st’kaii. 

IT can ride, sd’wa-tsEn kwkEnEs si tsi. 

I can swim, so'/wa-tsEn kwEnEs t’l/sEm. 

Are you cold ? é-a'-tcig tsa/tsalmm ? 

Tam cold, é'-tsEn tsa'tsatlum, o7 simply é'-tsEn, I am, 

Are you hungry ? é-a’-tcig kwa’kwé ? 

Is he sick? 6-a'-ka'kii ? 

Is your father dead? n’-é-a’-k’ai kwaii'‘n mEn? 

Is he coming? 4-mé tsa? 

Are you coming? 4-mé’-tctQ tsa. 

I often go there, wia/tl kwEnEs wa-hen-nEm tsa. 

Go in, kwatgé'lem! Come in, mé-kwatQé/lem. 

Did you shoot a deer? n’-é-4'-tcig kwili¢ tz sméis ? 

Is it dark? yetl s’sets ? 

It is light (in answer to question), i stii'tia. 

I want you to go, nkstlé kwa z/s-neEm. Come along! mé tla. 

It is Harry, tla Harry. It is Mary, tla Mary. 

Once he came to my house, nz’tsaugQitl ks’ imés tEnk la/lem. 

He often used to come, wiya’s-E-tl k’s-imés. 

When I came in the man was lying on the bed, tla's-wii ii'qrs te swé'Eka 
i'-€-tsEn-mé kwatgé'lEm. 
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When I went out I saw him there, é'-tsEn-kwi’ts-niQ kwkEnkEs ni’witl nem 
atik:El. 

I am hurt, é'-tsEn-miiqtl. 

You have hurt me, é-tciQ-miiqt] namin ; 

Who made this ? towet siai’s tE i’? (verbatim, Whose work is this ?) 

I did, te ensa (if alone with questioner the answer would then be simply ens) ; 
*tE ensa’ is the selective form of this pronoun. 

He did, tla t’sa’ (verbatim, it is that one). 

He has killed it, ni-kai’t-niiq-Es. 

IT should like some water, nk-stlé kwa ka. 

I should like to have a horse, n&E-stlé kwa st’kaii. 

He said he was going, Huta kwEs nEms. 

I said I was going, Huta-tsEn kwEns nEm. 

He said I was a bad man, Huta kweEnks k‘El (misté’iiQ). 

He said I ought to go, Huta wa-nEm-En. 

I told him he ought to go, né-tsEn-Hut-Es-t0Q-wa-tliis-nEm. 

When you come in, shut the door, t’kai-tciQ sHetl wa-mé-6Qq kwatgé'lEm. 

When you are sick you should take medicine, talm6’Hse-tciq wa (or etl) 
kakau'6Q. 

When the deer saw me it ran away, ni tlo tE sméis kwks ni’s kwiits nEmsHEs. 

When it rains I stay in the house, wiskata’uQ-tsEn-al etl stIEmoqus. 

Would you not like some meat? auii-a' stlés kwa smé’is? 

I must drink, k-akut ensa. 

I ought to drink, stlo’tlun kweEns k‘a’ka. 

Iam eating meat, é’tltEn-tsEn tE smé’is. 

Which is your horse? tla kwa ne'tsa Es st’kai’ii ? 

He stole my horse, ni-kiEns-Es kw’sEn’-st’kai’t. 

He stole your horse, ni-kiiEns-Em kw’sEs-st’kai’i. 

He killed my dog, ni-kai’EtEs kw’sEn’-skwomai’. 

He killed your dog, ni-kai’EtEs kw’s-Es-skwomai’. 

T lost my dog, né-tsEn-Ekwa'nEm kw’sEn’ skwomai’. 

He lost his dog, ni Ekwa/nem kw’s skwomai’, 

I cut my foot (indefinite of means), tlits-Hin. 

It is raining, stlem6’Q. 

It rained yesterday, stlEm6Q-etl tsila’katlitl. 

It will rain to-morrow, stlEm6Q-tsa wai’yilis. 

Tf it rains I shall not go, hats& tlem6q é-au’a-tsEn nEm-En. 

If it is fine to-morrow we will go hunting, hats& 6-wk wai'yilis n&/m-tst hii'wa (or 
pEpi4'tl if with a gun). 

Where are you? né-tciiQ ani’tsa? é-‘tskn 6 tE ni, I am here; or @ kwk na (the 
latter is an older form). 

I live here, é-tsEn-tlenaug é kwE na (in answer to question), 

I live there, nE-tsEn ni’ kwe ni (in answer to question). 

He is in the house, ni s'Hatau'Q (with emphasis on in it would be ni yi s’ 
Hata’uQ. 

He is on the beach, ni tsa’ tso. 

Tam a Kwa’ntlen, Kwa/ntlen-tsEn. 

I shoot, Qolic-tsen; I am shooting, é-Qolic-tsEn; to shoot, s-Qolie; he shoots, ni- 
Qolic; a shooter, ii-Qolgolic o7 niks-Qolic. 

I fish, tlaitles-tsrn; I am fishing, é-tsEn-tlitles; to fish, stlitles=fishing; he 
fishes, ni tlitl&s ; a fisher, ntks-tlas. 

I hunt, hi’wa-tsEn; I am hunting, é-’tsEn hii’/wa; he hunts, ni hi/wa; a hunter, 
niks-hi’wa. 

I dig, sé'kwels-tsrn ; I am digging, é-'tsEn-sé/EkwEls ; to dig, sé’/kwEls; he digs, 
ni sé/kwEls ; a digger, niks-sé'kwEls, or HsésékwEls. 

I work, yias-tsen; I am working, é-tsrn-yias; to work, syiias; he works, ni 
yaks; a worker, nuks-yias or nikc-idas. 

I swim, tétsem-tsen; I am swimming, é-tsmn-tétsem; to swim, stétsEm; he 
swims, ni tetsEm; a swimmer, niks-tétsEm. 

T run, Hunyhié’nEm-tsEn; I am running, é-tsEn-Hunyhii/nEm ; he runs, ni Huny- 
ha’nEm ; to run, sHunyhi’nrm ; a runner, nuks-Hunyhii/nEm. 

I dance, kwaié’‘litl-tsen ; I am dancing, é-tsen-kwaié'litl; to dance, skwaié’litl ; 
he dances, ni kwaié'litl ; a dancer, niks-kwaié’litl. [This terminal ¢7 has sometimes 
the sound of H.] 
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A canoe maker, niiks-hii. 

A basket maker, niks-kwii wE¢ (skwiwEc = to pierce). 
one stone, nEtsa smint. 

two stones, yisé’la smint. 

many stones, kuq smiint. 
any,stones, k0-smiint-al. 

few stones, k-’amas smiint. 

all stones, mok smint. 

some stones, sSmEm{’nt. 

no stones, au’ita smant. 

one dog, nE'tsa skwomai’. 

two dogs, yisé’la x 

many dogs, kuq % 

any dogs, kd-skwomai’-iil. 

few dogs, ké’kamas skwomai’. 

all dogs, mok. 9 

some dogs, skwomkwomai’. 

no dogs, au'ita skwomai’. 

one hat, nE/tsa ya’suk or ye'tsawok 
two hats, yisé’la_ ,, or yisi'lawok. 
many hats, kuqEwok. 

few hats, ké’kamas yii'suk, 

all hats, mék + 

no hats, au’ita EH 

this house, tE-na 14'lEm. 

these houses, tE-na Ela’lEm. 

that house, t®-ni 1a/lem. 

those houses, t’sa E]a‘lEm. 

these two houses, tE-i yisEla’lEm (i= here). 


those ” ” t'sa ” 

this hat, tE-na yii'suk’. 

these hats, tE-na yayii’suk’. | cone collective of this term is here differently 
that hat, tE-ni yi’suk. | formed from that in the Tcil’gé'uk.) 

those hats, yé’sa or yi’sa yii/suk, 


right eye, cwiyi’lEs or s’wiiyii’lEs. 

left eye, cEkwa'lEs or sEkwii'lEs, 

both eyes, cwai'yilks, or s’wai'yalks, or kEq-¢/lum. 

right hand, s’éyiis. 

left hand, s'Ekwaiyis. 

both hands, t’sfiyis. 

right foot, s’éHin or s’aiHin. 

left foot, sk‘OAin, 

both feet, s’aiin or s’q’HF/na. 

right ear, cwiii'la. 

left ear, ska/lii. 

both ears, kwén, kén, or kwEnkwén. 

tin Kwa/ntlen, I am a descendant of the Kwa‘ntlkrn, or I belong to the Kwa/ntlen 
by descent. 


CONTINUOUS NATIVE TEXT IN NARRATIVE FORM, 


TE Si'yis! tla swé’wolus, 
(The Story of the Young-man.) 


No'nsa swé/Eka ya'yhs th si/ltEn, 6!-tlis-wii skwii/tsa TE n¥’tsa, é/-tlas-wii 


a man was-engaged-in fishing. And-then he-caught one. Then 
kEla/t k’im. Qon-qatii’tsa ¢/-wE-tl-tsli/matEs kwi  Hii/pEs, 
again hedips(the bag-net). While-so-doing he-heard a whistling-noise. 


1 Sz'yis is the name given by the Kwa’ntlen to stories they believe to be true, in 
contradistinction to the term sdgnia'm, which signifies a ‘fable’ or ‘ myth.’ ‘ 
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é'-tlas-wii QEli/amEtks. To-hi's-tsa k’s-gé/lins. é'tlo kela’t kim Tlo kela’t 
Then he listens. Awhile he-stands. Then again he-dips. Then again 
tsli/matEs kwit Hii'pEs. é’-tlo krla’t k’aim. Tlo keEla’t tala’maites kwii 
he-hears a  whistling-noise. Then again he-dips. Then again hehears a 
Hii’ pEs. é’-tlas-wii = sqé/lins kwi  tohi's. Kela’'t tsli’mites kwii 
whistling-noise. And-then he-stands a  little-time. Again hehears a 
Ha'pEs. é/-tlas-wii tulnugs_ _—ik’s-tlas =tE cqknsks! ni-Hii’ HapEs. 


whistling-noise. Then he-knew that-it-was the killed-thing had-been-whistling, 
Tlas-wii kwe’nits tE swe'ltens. é'-tlas-wii lum-lu’mits. é'-tlas-wa nrEms_ tak‘Q. 


Then he-took the net-his, Then he-folded-it.up. Then he-went home. 
@'-tlas-wii Qunni’ns tE cowii/lis. @'-tlas-wii kwils : ‘ nEm-tsEn é-yilisi’la, 
Then he-reached the parents-his. Then hesaid: ‘Going-lam away. 
Tohi's-tsa é/-mé-tsEn k’onsit.’ é'-tlas-Es-wii kwenits tE ‘imi’mEn slé’uk:q. 
In-a-little-while coming-I am __ back.’ And then he-took a little food. 

é/-tlis-wi nEms.  @’-tlas-Es-wii kwaii'sEts. 


Then hewent. And then he-underwent-his-training-for-a-‘ medicine ’-man. 
Wiid'tl-tsa k’s-wa-é’-stangs tE skyé’l tk caqEs tE mbHnas. HiiHi/skn 
Always they-kept-ready the parents the bed-his the son-theirs. Fourth 
tl'kelts é-mé QEa’met. kw’sEs—tsa mii-tla-mé tak‘Q  6'-tlis-Es-wil 
moon  he-came home. While was-coming home then 
kwe'nits te si/kum 6’/-tlas-Es-wi tla’/kuts né tk kwh'les. @/-tlas-Es-wii 
he-took the cedar-bark and then  he-put-it on the stomach-his. Then 
ke’kuts tE kweE’'lEs. snit tsa kwa _ k’s-weE-tl-ti’tcels QrEa’met. 
he-bound-up the stomach-his. Night it will be when-he-gets home. 
é'-wii-cwEWi' SE sel. @/-tlas-Es-wi  Qéts tE swé/akus. é’-tlas-Es-wii 
She-was-awake the mother. Then she-woke the husband. Then 
p'tii' mits : ‘Noa’ ?’ ‘ Ensa,’ é'tlas-Es-wi nEms nii/mistQEs 
they ask: ‘Is-that-you?’ ‘Yes, it is I, Then they go they-take-him-to 
tE ca'qEs. éts kwa mé tohi's é’-mé-k’ap tE 
the bed-his. When a little time has passed assemble-together the 
keq misté’ug. é'-tlas-Es-wi kwr'les tE siyiilakwa: ‘Tauhauwii’lEmatla 
lots-of people. Then spoke the old-people: ‘ Let-us-see-you-perform 
swa’wolus.’ é'-tlas-wi sqé'liHs tE swa’wolus. 6é'-tlis-wi hauwi’lems. 
young-men.’ Then they-stood-up the young-men. Then they perform. 
é'-tlas-wi kwk'lEs-tsa swé’wolus: ‘T6-yi’ktatla !’ @'-tlas-wi kwk’'lEs 
Then he-said young-man: ‘Let the fire be made up!’ Then said 
tE siya'lakwa: ‘Yukta'tla, i-é-tst-wa kwa_ tEtE-a’n.’ é'-tlas-wii 
the old-people: ‘ Build-up-the-fire, we are going to have some wonder.’ ‘Then 
més = sqé'liH. é'-tlas-wii kwr’lEs : ‘ NEmii'tla kwe’nit kwa scu’ma.’ 
he-came he-stood-up. Then _he-said: ‘Go fetch a _ big-cedar-kettle.’ 
é'-tlas-wii nEm tE swa’wolus kwe’nitEs th scuma. é!-tlis-wii 
Then they went the young-men they-got the big-cedar-kettle. Then 
QEG’NQEs ; tla‘katEs sth'tEs te hai’yuk. ¢’-tlas-wii nEms to-tla ¢’-tlas-we-tl 
they-brought-it ; they-put-it near the fire. Then went he and began 
kwaiyé'leHs né tE scuma, Tohi's-tsaks’ kwaiyé'lens. Tsultsula’ntsa 
to dance round-about the big-kettle. Awhile he danced. From-end-to-end 


1 Anything that is killed in hunting, fishing, &c., is called the hunter's sqgznsa 
=‘ prey,’ ‘spoil.’ 
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kwaiyé’lins, é'-tlas-Es-wa més wil tE ka. é'-wia'tl tsa 

(of the kettle) he danced. Then came to appear the water. Now continues 
kwaiyéleHs to-tla. 6'-tlas-Es-wa més wil tE so’/k'wii. é-tlo kEla’t mé 
to dance _he. Then came toappear a salmon. Yet again came 

wil tH-tld sd’k'wii. é/-tlas-wii yissi/lis te so'k-wii k’s He'tEms né 
to appear another salmon. Then two the salmon they swam-about in 
tE scguma. Tohi's  k’s qutkEs-tsa. é/-né-tlo-nEm 4l sdq. 
the big-kettle, For awhile they continue. Then-all-again went and both disappeared, 


Soqwid’m tla SmEl6’ @ SkeElu’tsEmEs. 
(The story of SmeEl6’ and SkElu'tsEmEs.) 

We-né-tsa!-al te yai/srla slmntli/ni, syayi'tmn tsa! tau-tla/lem. 6é-né-tsa tE ma'mE- 
There were two women, widows’ they were. There were children- 
nkEs; mok: tsa sEwé’Eka. né-k'ai tH cuwi'li-ss né’a? tR  ské'lun, 

their; both were men-children, Dead the fathers-their there that war, 

stEi’tsa, cikwai’ts te ma’mEnis tau-tla’-lEm. kweEkwai'tHs  tau-t]a’-lHm. 
Therefore, train-they the children they. They-are being trained, they. 
é’-mi tsé'sEm, é-k’s-és-wE-tl-si!-sat sEwe’Eka tau-tla/-lem, é’tlas-wi 

They come to grow-up, and when they big-become men they, Then 
tla'‘lems-4l kwakwaii'sEt é'tlas-wii mé kwa’lEm- 
they both underwent-their-training-for-‘ medicine-men’; and-then came strengths 
kwom (from kwamkwonm, strength, power) sEt tau-tla’-leEm. QEn-stEii’-tsa 
(physical) become-strong they. Thereupon 

é'-wE-tl-nim Etsna’mEt tE Kaué’tcin. k’s-i’s mé 

it-spread-abroad (the report) heard the Kaué’tcin-(tribe). After - a-little - while 
Ha’laHa ? sEWwe’Eka tau-tla’-lem. tE skwic-s_ tau-tla’-lpm 

came the wonder-working powers (of) men __ those. The name-their they 
Smelo’ te si‘ntla, SkElu'tsEmEs tE sa’suk’. é’-tlas-Es-wii amé’ tE Kawué’tcin 
SmElo’ the elder, SkElu’tsEmEs the younger. And-then came the Kaué’tcin- 

snukQEtl.* Taq-wE-né tE tsd’tsd.° Tau-tla-lem 
people jn-war-canoes-to-fight. They are just-off the shore. They (the brothers) 
aln/qtEs tE skwai'tsi. é-wia’c-tsa k’s-wi-kwini’ts te kwa'kwEstEn-s* 

they are searching forsea-urchins. Always they carried the  clubs-their 
tau-tla-lem. Qen-Hu’ta-tsa é’-weE-tl-mé ti'tskEl te Kaué’tcin. é'-tlas-wai 

they. While-thus-engaged they-came toarrive the Kaué’tcin. Then 


te’kwits te  saiyi’El é’-tlas-wi kwés tau-tla-lem nim 

saw-them the mothers (the Kaué'tcin). Then climb they (the mothers) they go 
te s'tl’tla/el-toQ é'tlas-wi t’HenEms’” tau-tla’-lEm é'tlas-wii 
the roof. Then they-step-round rapidly they (the mothers) and then 


tskwiits te Kaué'tcin, mé sQtEi’won te Kaneée'tcin’ k’s-tlas Smeld’ é 
see-them the Kaué’tcin, came the-thought to the Kaue’tcin that-it was SmElo’ and 
Skelu'tsEmEs. né-wE-tl-kwats-nuq-Es tau-tla’-lem Kaué’tcin tE yai’sEla sEwé’Eka 
Skslu'tsEmEs. They-had-seen-them (had) those Kaué’tcin the two men 
Flat] te snukgeEtl. é/-tlas-wi sQtEé’wons tau-tla-lem k’s tlas skwaié’ts tla Smelo’ 
jn the cause. And-then they-thought they they-were slaves of SmeElo’ 
@ Skslu’'tsemes. é'-tlas-Es-wi mé kwelkwa’lewon tau-tla'-lem 
and Skxlu’tsemEs. And then came the thought (to) them (the Kaué’tcin) 
k’s-is-k’s-au'ES nai’mEs tlEl. é’tlas-wi kwE/nEtEm 41 tE SmeEld’ @ tz 
that-they-would-not go ashore. So then they seized both Smu#ld’ and 
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SkElu’tsEmEs, é'-tlas-wii kwE’nEts tE k-e/lintens 
Skelu’tsEmEs. Andthen they (the brothers) took the canoe-mats-their 
ni-cwElakQ tE kwakweEstEns tau-tla-leEm.  né-tsa tE nk’tsa 
they were rolled-up-around the clubs-their they. There was (in) ona 
snukQEtl tE SmEl0’ ni tk tlo’-nk’tsa snukQEtl tE SkElu’tsEmEs, é-'tlas-wi  niim 
canoe Smerlo’ inthe other canoe Skelu’tsrmEs, And then they went 
ka’'ncEt, au’a WEnO’nEs nim Q'sakQ é'-wE-tl kwii' tsitEm tl’? Skrlu'tsemEs 
back. Not much go far when he-looks-significantly- at Skrlu'tsemrs 
tE geyEGs, é'-tlas-wii qiala'lists é'-tlas-wi kwr’nEts 
the elder-brother-his. And-then he-made-signs-with-his-eyes. And-then they took 
te kwakwestEns é’tlas-wE-tl tlas-4l Hé/lIEHs wEnon wi kwamkwom tau-tla’-lem 
the clubs-their and then they both fought much was _ strength (ot) them 
cwEla’Qa tau-tla’-lem, é'-tlas-wii Qé mok: wetQ nzE’tsa al trR 
quick-leapers they. And then they destroy all except one alone 
kwiitEs tau-tla-'lem. é’-tlas-wii mé taka. é'tlas-wii wide 
they sparehim they. Then they come home (the brothers), And then often 
wE-kwakwaii'sEt. tiga hutas tsa. é'tlas-wii, 
they-train-as-medicine-men. A few times this (incident) is repeated. And then once 
kElats amé tk Kaué’tcin. neu-tl’-tEluQgEs tau-tla’-l—Em k’s au’Es tlis Smrlo’ €&@ 
again came the Kaué'tcin. They knew they were-not SmElo’ and 
SkElu’tsEmEs yisii tluk tE Henem. é’-tlas-wi, mé tii/tcEl tau-tla/lem 
SkElu’'tsEmEs those doing the dancing (on the roof). And then came back those 
Kané’tcin. tlo tl’ kEla't te He’nEm tau-tla’-lEm siiyi/El. 6’tlas-wii kwenkwr'nEtEm 2 
Kaué'tcin. Then again the dancing those mothers. And then they took 
kela’t tE SmEl6’ é te Skrlu’tsEmEs, é’-tlas-wi kwEnkwEnEtEmtE keE'liptEns ska 
again SmElo’ and SkeElu’tsEmEs. And then they took (also) the canoe-mats with 
tE kwakwEstkEn. tlas-is’-wi-niim kwk’n-kweEn tau-tla’-lEm SmeElo’ @ SkeElu’ts—EmzEs 
the clubs. And they went captives those SmeElo’ and SkeElu’tsemEs, 
tlas-wi tEs tk 1é/Imms tau-tla’-lem Kanué’tcin, é'-tlis-wii nogHEm tE 
Then they got to the homes-of those Kaué'tcin. And then they put 
Smeld’ ni te kwa'kwa tlauq-ta’stEm tE SkElu’tsEmEs é -tlas-wi, 
SmElo’ in a box, they did the same to SkElu'tsEmEs. And then 
sEné/ts kwa-hi's,!° Nam tsa kEq swé’yi é-ta’mEtEm : 
they were boxed-up a-long-time. There went by many days they call-out: 
‘SmeElo’!’ ‘Na'u!’ ‘Skelu’tsEmEs!’ ‘Na’u!’ tlo tl’ 
‘SmeElo’!’ ‘Yes!’ (he replies), ‘SkElu’tsEmEs !’ Yes! (he replies). Then 
kEla’t ti’mEtEm : *SmeElo’!’ ‘Nau!’ 
again they call out: ‘Smelo’!’ ‘Yes!’ (he answers in a strong voice). 
‘Skelu'tsEmEs!’ ‘Na‘ul’ Nim  0-kEq  swé’yil. KeEla't 
‘Skelu'tsEmEs!’ ‘Yes!’ (he feebly replies). Go-by many days. Again 
ta’mEtEm: ‘SmeElo’!’ ‘Na‘u!’ ‘SkElu tsemEs |’ 
they callout: ‘Smxlo’!’ ‘Yes! (he replies in a strong voice). ‘Skrlu’tskmums |? 
*Na’u !’ skwa'ltens tau-tla’lzm Kaué’tcin  k’s nis wn-tl 
‘Yes!’ (he feebly replies). They think them the Kaué'tcin that they are 
kéakEla’msEt. é'-tlas-wi kwEls tk Sif/m 6 “k's k pu sEt 
growing very weak. Andthen spoke thechief: ‘Gooditis to come together 
tE mok: Kaué’tcin né’a tEnk’tsa la'lnm’ é’-tlas-wi mé’-kup mok: 
the all Kaué’tcin there(in) one house’ Andthen come-together all 
te Kaué'tcin mok: kweni’/lsEm  tau-tla'lum. é’-tlas-wii mé Heqtzm 
the Kaué'tcin all bearing-arms they And then came to get up 
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tau-tli-lem. Smeld’ é Skelu’/tseEmxEs tau-tla-lem. é-'tlas-wi haiyi’stem 
they Smrlo’ and Skelu’tsEmEs they. And then they decorated 

tau-tla’-Imm. stlés tau-tla’/-lmm Kaué’tcin k’s kwaié'lids taun-tla’-lEm. 
them, They desire they the Kaué'tcin that they should dance they. 

é'tlas-wii nEAmEstO’/Qs tk seu’wens tau-tli’-lem. tlas-wi sHé’liHs Smelo’. 


And then commenced the song-theirs they. Then he stood up SmEld’. 

To-hbis k’s-skwa'is k’s-sHé/lids te SkeElu'tsEmmEs. é’tlas-wi kwaié'lins 
For-a-little-while he was-unable to stand (was) SkElu/tsEmEs. And then danced 
te SmeElo’, to-hi’s  k’s-kwaié’lins. é'-yE-tl sHé’lids-na/ mits tE 
Smelo’. Awhile he danced. And after that he-stood-up-by-himself (did) 
Skerlu'tsemus. é’-tlas-wii kwaiée/lias kwekna’tel. wii-é-tsa-al k’s-més  yE 


SkElu'tsEmEs, And then danced they both-together. And then came gradually the 
kwa’mkwomset tau-tla’-lem, tlas-wii kwels +E sii’ms tk Kavué'tcin: 


strength-of them. Then spake the chief-of the Kaué’tein: 
‘gzElala’mtaca ! ’ Tla’tluksEm tau-tla’l/Em 
‘Listen to what they are saying !’ Beating-time-with-their-hands (were) they 


Kaue'tein. Tlas-wi Qbrlala’ms tau-tla’-lem, tlas-wi tklokwEs  tE seu’wen 
the Kaué'tcin. Then they-listen-to them. Then they understood the song 
tla Smelo’, Hutii’ kwenna’ tE skwa’kweEls tE seu’wens tau-tla‘lEm: ‘wiaqausd’yEn 
of Smelo’. It said these words the songs-of them : ‘ A-new-net 
kweEnda s’kwa tlesilt @-wii-kwEnalikEn-tsEn-tsa’ €-tlas-wai si/nEmps tE sia’m 
barrier if-spread-over get over-it I will.’ Andthen he-orders the chief 

é-k’s-amés kwii'tlatem k’s sweltmn. tlis-wi mé q'taistkm te sweltEn 
that they should-come _ to spread anet. Thenthey come bearing a_ net, 
To-hi’‘s skwaié/lids tau-tla/-lem. é'-yE-tls Qiala’is 
Awhile they dance-on they, And presently he makes signs with his eye to 
tE cé/yEtls. é'tlaswii s’tlemps tau’-tla'-lem Qoni’m tk tei’ tcitl 
the elder brother-his. And then jumped they up to the top (of the house) 
tlas-wii Qé’ak'Q tau-tla’-lkm.  tlas-wii QonHinkEn tau-tla’-lem 
then they-were-caught-in-the-meshes-of-the-net they. Then run-round they 
Kaue’tcin nam te tci’tcitl é'tlis-wi tle’tsEtrEm tl’ SkElu'tsEmEs tE sQé'agoks 
the Kaué'tcin to-get-to the top. And then was cut by Skelu’tsEmEs the mesh. 
é!-tlas-wii kwa’sit haite Smelo’ au/Eta tlé’ts’tEm stii’a tsa cini's-kai tE 
And then he escaped, but did Smerlo’ no cutting therefore soon killed was 


Smelo’. 
SmeElo’. 
Explanatory Notes on Above. 


1 This term ¢sw used here and elsewhere in the story seems to have the force of | 
a substantive verb. Itis also found in conjunction with temporal adverbs. It is 
not improbable that it is the same with tsa, the sign of the future. It is seen also 
in the following phrases: niim-tsa=he is going ; au’a-tsa=it is not. 

2 né'a appears twice in the story. It is a relative or selective adverb of location, 
and appears to be a modified form of the common locative nZ, the addition of a 
making it relate to some particular place or incident. ; 

3 qa'lana or ea'laeca is the distributive form of nana or edea, ‘to perform 
wonders It also forms the name of the great transformer of the Halkomé’lzm 
tribes, who is called Qzed'ls, or simply Qals. His name is therefore significant of 
his character, and means ‘the wonder-working one.’ 

4 In this expression svwu'kextl does not signify a ‘boat,’ its common meaning, 
but ‘to fight.’ It is commonly used with this sense in Kwa‘ntlen. As the tribes of 
the island had to come in their canoes to wage war upon the river tribes, the coming 
of canoes generally meant fighting ; hence the sense given to this term. 

5 Ysa'tsa is an adverb of location in a particular sense. It is used only to 
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indicate the position of an object situated in an open, clear ground. An animal out 
on an open stretch of land would be said to be tso tso, ‘some way off,’ also. 

6 Kwa'kwkstkens is an interesting compound. It is composed of the verbal 
stem kwaka, ‘to strike, the synthetic form for head, xs, which is taken from the 
independent form skaiyss, the instrumental suffix «tzn, and the possessive sign s of 
the third person. It consequently signifies ‘an instrument for breaking heads,’ A 
weapon or club for striking the body generally is termed hkwd'kwotten, ‘a striking 
instrument.’ 

7 #yenems means literally ‘to foot it.’ It is not exactly dancing, but rather 
rapid movements from place to place. The rapid motions of the mothers on the roof 
misled the Kaué’tcin in thinking them to be SmEl0’ and Skelu'tsEmEs. It was not 
till they had repeatedly carried off the latter as slaves that they learned the mistake. 

8 tn tla netsa = ‘the other,’ is literally ‘the again one.’ 

® The reduplication of this term marks the repetition of the action, In the story 
as usually told by the Indians the coming of the Kaué’tcin and the taking of the twa 
brothets as supposed slaves occurred several times. In the version here given this 
part is left out to save a tiresome repetition of the same phraseology. 

1 The comparison of this compound kwa-hi's with to-fi's is interesting, The 
lwva here is the indefinite article which figures so largely in Salish syntax, Its 
presence here gives the sense of indefiniteness to the time which elapsed. When i's 
is compounded with ¢@ the opposite sense is conveyed. This #0 is seen to enter into all 
sorts of compounds. It is the prefix in to-tla, he, him, of which the plural form in 
tau-tla'lum plays so conspicuous a réle in Kwa’ntlEn narrative. The same element 
is seen in the interrogative td-wet ? ‘ whose?’ and in many other compounds, 


Frese TRANSLATION OF ABOVE STORIES; 
Story of the Magic Water and Salmon. 


Once upon a time a young man went out fishing. In a little while he 
secured a fish, As he was dipping his bag-net to try his luck again, he 
heard a strange whistling kind of noise. He paused to listen. Presently 
he dipped his net again. As he did so he heard the same strange noise, 
Again he listened and tried to discover what it was, but at first could not, 
When he listened the sound ceased, but began again as soon as he dipped 
his net. After a while he discovered that the noise proceeded from the fish 
he had taken, He then knew thatit was no common fish. He stopped his 
work at once, folded up his net, and wenthome. When he reached home he 
told his parents that he was going away for a time, but would come. back 
again soon. His intention was to go away and train himself for a medicine- 
man. He took a little food with him and then set out. All the time that 
he was absent his parents kept his bed ready for him. After he had been 
away for four months he prepared to return home. While on the way he 
bound his stomach with cedar-bands to stay his hunger and support his 
frame, which was much attenuated by his long fast. It was night when 
he reached home. His mother, who was awake, heard him enter and 
awoke her husband. They called out to him and asked if it was he. He 
replied in the affirmative, and they at once got up and assisted him to his 
bed. When he had recovered his strength a large number of people came 
together to see him. When they had all assembled the elders said to the 
different young men present, ‘ Let us see you perform your magic feats.’ 
The young men responded by getting up and going through their tricks. 
When they had finished the youth who had caught the strange fish said, 
‘Let the fire be made up.’ The elders also added, ‘Make up the fire; we 
are going to see him perform some great wonder.’ The youth then came 
forward and asked the others to fetch a large kettle. They went for the 
utensil and presently returned with it and placed it near the fire. The 


youth then began his dance. He danced from end to end of the big kettle. 
VEF2 
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After a little time water was seen to be rising in the kettle, He con- 
tinued to dance and presently a salmon appeared swimming in the water. 
A little later a second fish was seen swimming with the first. When this 
had continued for a little while he stopped his dancing and both fishes and 
water instantly disappeared. 

Note.—We have here in this story the mythical account of the origin 
of the salmon su’lia or crest. 


The Story of Smzlo' and Skxlu'tsEmes. 


There were once two women who were widows. They had lost their 
common husband in war. They each had a son about the same age. 
The elder was called Smelo’ and the younger Skelu’/tsEmEs. The mothers 
trained them very carefully while they were young. When they reached 
adolescence they underwent their kwakwaii'set, or training for medicine- 
men. They practised themselves in all bodily exercises and became both 
nimble of feet and strong of limb. In a little time their wonder-working 
powers came to them, and they could perform wonderful feats, One day 
they were off the shore in their canoe to hunt for sea-urchins. While 
they were thus engaged a war-party of Kaué'tcin drew near. They had 
heard of the powers of the two young shamans and had come to capture 
them. The mothers of the young men perceived the Kaué'tcin approaching 
and sought to deceive them into thinking they were themselves the two 
youngmen, They climbed to the roof of their dwelling and began running 
hither and thither in a rapid and bewildering fashion, and thus led the 
Kaué‘tcin to believe them to be the young shamans. Seeing them thus 
prepared for them they would not land, but contented themselves with 
seizing Smeld’ and Skelu’tsemEs, whom they took to be slaves of the 
shamans, and placed them in separate canoes. When they were being 
seized each took up from the bottom of the canoe his canoe-mat, which was 
rolled up and contained his war club. The Kaué'tcin now made for home 
again. They had not gone far, however, when Skelu’tsrmEs looked into 
his elder brother’s eyes in a significant manner and signed to him to be 
ready. Each then suddenly seized his club and, leaping with nimble feet 
from one canoe to another, clubbed every one of the Kaué’tcin to death 
except oneman. Him theyspared. They then returned to shore and went 
through a further training. The Kaué'tcin came and did the same thing 
several times and were on each occasion overcome by the two shamans in 
the same manner. At last they discovered that the supposed slaves were 
really Smelo’ and Skelu’'tsemEs. The next time they came they seized 
them as before, but took the precaution on this occasion to deprive them 
of their rolled mats containing their clubs. This placed the youths in the 
power of the Kaué’tcin, who took them home. But so fearful were they 
of their escaping and doing them harm that they shut them up in boxes 
and kept them fasting for several days. When they thought them subdued 
they called out to them by their names. Both responded in strong voices. 
The Kaué’tcin therefore left them to fast still longer. When a further 
period had gone by they called out tothem again. Smad’ still answered in 
a strong voice ; but Skelu’tsEmss, perceiving their ohject, answered more 
feebly. They therefore thought they were growing weak. The chief of 
the Kaué’tcin then bade his people assemble together in one house. The 
boxes containing Smel6’ and Skelu’tsemEs were also brought in and opened 
and they were allowed to get out. The Kaué’tcin then decorated them and 
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called upon them to dance. Smeld’ complied and began his dance-song at 
once. Skelu’tsrmss, still feigning to be weak and unable to stand, waited 
awhile. When a little time had passed he got up by himself and joined 
his brother in the dance. As they danced their strength came gradually 
back to them. ‘They danced so well that all the Kaué’tcin applauded them 
and beat time for them with their hands, except the chief. He had been 
listening to Smelé’s song. He then called out to his people to listen to 
the words of the song. They did so, and heard the following words : ‘You 
may spread your new nets as barriers to keep me in, but I will jump over 
them.’ The chief thereupon bade them place a net on the outside of the 
smoke-hole. This they did. Smeld’ and Skelu’tsemss still danced on ; but 
presently the latter made signs to his elder brother with his eyes, and a 
monient later both madea jump through the roof. They were both caught 
in the meshes of the net. While the Kaué’tcin were running out to climb 
on the roof and secure them Skelu’tsemzs took a small stone knife he 
had kept hidden under his arm and cut himself free and made his 
escape. Smeld’, who was not so clever as his younger brother, was unable 
to disentangle himself from the meshes of the net and was again captured. 
This time they put him to death. 


Principal Terms of Consanguinity and Affinity in the Kwa'ntlen. 


such sentences as ‘Where is your 
brother? or sister ? 
{ uncle (parent alive). 


father, mEn. 
mother, tEn; when addressed by her 
children she is called tat. 


a a) 
parents, cowii'/li, sByé'ls, si’El, o7 sai- eQUnaneass ‘FaunteC™,, ube 
yi'El. Paintba Jp uncle (parent dead). 
These terms are applied to either eonmn atl { Bunt (Ges 3 DF 


parent indifferently in narration. sQEnma’itl, cousins (when parent is 


sé'la { grandfather. dead). . 
| grandmother. s'tukten { ‘ister-in-law. 

Rotini SJ great-grandfather. sma WUkvED ) brother-in-law. 

5 \great-grandmother. swii/kus, husband. 

a'kwiyuk: | great-great-grandfather. tcauq, wife. 
\ Ps » grandmother. stcaug, married man. 
great - great - great-grand-  swii’wEkus, tharried woman. 

er | father. The derivation of these two terms 

| great - great - great - grand- obvious. 

: mother. syii'tEn or si’atEn { widow. 
mz’na , | or child | widower, 
daughter { Hf syayii'ten fi widows. 

sons ‘hemehatanee! | widowers. 


’ 
oe daughters | 
si’ntla, eldest or first-born child. 
’ngé'tsEn, middle a 
si’suk: or sa/suk't, youn 


wa'nim, orphan. 
lover, kle’tEl. 
Principal Terms denoting Seas 


” 
gest orlast-born swé’Eka, man. 


child. 
elder brother. 
sister. 
| ,, cousin, 

younger brother. 

» sister. 

“4 cousin. 
é/litl, brother, or sister, employed in 


” 


cé'yEtl or catyen 


S| 


CORPOREAL 


arm, ta’li. 


back, slu’kawitl. 


sléni v7 tléné, woman. 
swé'wolus, youth. 
swa'wolus, youths. 
k’a'mi, maiden, 
swe'Ekotl, boy. 
k’amiatl, girl. 
slé'tkEtl, child. 
ska/kela, infant. 


TERMS. 


bone, s’anr. 
body, slEQé' iis. 
breasts of woman, sku’ma, 
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chest, s’i/lus. 
chin, slipai/EsEn. 


ear, k’wén, 

elbow, skwomsiilakEn. 
eye, k'u’lum. 

eyebrow, sa’mEn. 
eyelashes, tli’ptEn: 
eye, pupil of, kena’ lis. 


face, s’a/cus. 

finger, slu/Htcis. 

ist finger, metsumin (= pointer). 

2nd finger, sEnqQi’tcintcis (=middle 
one). 

little finger, sasauk ti'ltcis (= youngest 
or smallest finger). 

foot (and lower leg), sq'una. 

foot (alone), snu’kgolcin. 

forehead, s’kwom#l.! 


head, skai’yus. 

head, crown of, skai’iluk’. 
head, side of, sgée’Elcena. 
head, back of, te’psum. 
hair of head, ma/kEn. 
hair on face, kwé'niksEn.? 
hair of body, kwé’nus. 
hair of animals, sa‘i. 
hand, tcilic. 
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heart, tsi'las 
jaw, sumqai’sEn. 
knee, sk’pa’IsitEn, 


leg (lower), sk‘dsu’ mein. 
lip (upper), sla’isEn. 
lip (lower), slipai’EsEn. 


mouth, sa’sin! 
milk of the breast, sku’ma. 


nail (finger), k’o'ltcis. 
neck, tpsum. 
nose, mu'ksEn.? 


skin, kwe’li (human). 
skin, kwn/lt (animal).* 
shoulder, kwo’ktEn. 
stomach, k’ww'la. 


thigh, spité’lip. 

throat, e’ltlitl or e’leitl. 

thumb, modkwamu'Itcis 
finger). 

toe, slu’kcin. 

toe-nail, k‘d’lcin, 

tongue, to’qsetl. 

tooth, ye'nis. 


( =stumpy 


ANIMALS, BIRDS, AND FISH. 


animal (generic), thtsa/lemoa. 
ant, tse’metsa. 


bat, kwokwilia/kEn. 

bear (black), spas. 

bear (grizzly), kwéi'tsEn. 

bear (brown), kwé’itsEn. 
beaver, skirlau’. 

bee (bumble), kwo/ma. 

bee (small wild), sEsim'oiya. 
bird (generic), maug o7 moQ. 
butterfly (generic), smemé’yetl. 


crane, sm0/kwa. 

chipmunk, q’pa'tsEn (name has refer- 
ence to stripe on the back). 

deer, sméis or tlilktmna= 
ears’). 

dog, skwomai’. 

duck (mallard), ti/nEksum. 

eagle, yo'kqila. 


(‘long 


elk, kai’yéts, 

fish, tsa’qoai. 

flee, tata'tlem, 

frog. Qo'kas. 

goose (black), @’qa. 
hawk (fish), tsé’Qtsauq. 
hawk (chicken), Humhé’mels. : 
horse, st”kain. 
housefly, Qokwaiyi’ya. 
jay, sqi'sits. 

kingfisher, sEtci'la. 


lizard, pe'tyEn. 
louse, mitHsEn. 


mosquito, kwai'an. 
mouse, kwa'tEn. 


! A man with a prominent bulging forehead was called s’kwo'mtlis. 
* There are no terms in this dialect corresponding to ‘beard,’ ‘ whiskers,’ 


‘ mustache.’ 


3 According to my informants the Kwa’ntlin do not possess terms for ‘ bridge of 


hose,’ ‘septum,’ &c. 


4 The Kwa/ntlen do not differentiate between the skin of themselves and that of 


animals as do the $k'qo'mic. 
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mountain-goat, p'lkr’lken. 
mountain-lion, cougar, sQ0'wa. 


otter, skii’tla. 
owl, tei”’muH. 


pigeon, hima’. 


rabbit, sku’ kauwes. 
raccoon, mu lis. 
rat, haut. 

robin, s’ko’kat. 


salmon (‘spring’): swa’k'um, earlier 
and smaller kind; sElaha’tl, later 
and larger ones. 

salmon (‘ sock-eye ’), su’kai. 

salmon (‘ steel-head’), ke’tq. 
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salmon (‘ cohoe’), ko’kwEs. 
salmon (‘dog’), kwa‘la. 
skunk, spEpatsi’n. 

snake, e’tlkai. 

snipe, skais. 

spider (generic), kEskr’sin. 
swan, cQ0’akEn. 


toad, pi’pom. 


weasel, sElslEm. 

wild-cat, skitsgi’mis. 

wolf, s’'t’kai'ya. 

woodpecker (large red-headed), tEmE- 
tlsE’psum. 

woodpecker (medium-sized), tsé’kut. 

woodpecker (small), tsa’tum, 

wren, tii’mia, 


TABLE OF GENERAL TERMS. 


above, tci’tcitl. 

afternoon, hai tE tuk swe’il=(done or 
gone the noon). 

all, mok:. 

anybody, we’t-al. 

arrow, skwEla’s. 

ashes, cie/ltEn. 

autumn, thm héla’nog=(time of no 
growth). 


bad, kEl. 

bailer, tle’ltEn. 

bark, p’liyus. 

beach, tsa'tso. 

beat (to), s’kokwa'ls. 

beautiful (for mosus), 6&'mut. 

beautiful (pulcher), ya'mic. 

bed, cwa’Hus. 

below, tlitlep. 

berries, ts’sim. 

big, si o7' tsi. 

bitter, saquin. 

black, ské’Eq. 

blanket (native), swo’kwatl. 
(small kind),stomokisatl (large kind). 

blanket (imported), pEk kulo’wit. 

blue, tsitsaQom. 

bow, td’qiiats. 

box, koa'ka. 

boy, swé’Ektl. 

branch, tséHtatcis. 

bright, ste’ wil. 

broad, tl’ket. 

brook, sti'tlo =little river. 

bud, pe’ksum. 

bog, mak‘im = (mossy). 


camp, ku’lum. 

canoe. smukwitl 07 smugitl. 
chief, sia’m. 

child, slé'tkxtl. 

cinders, pé’tsut. 

cliff, tci’tlis. 


cloud, s’wa’sitEn, 
cold, haitl. 
crooked, spai'pl. 


damp, sé’stsum, 

dark, set. 

day, swé'yil or swé'il. 
daybreak, ta’wil. 

dead, k:ai. 

death, sk-ai. 

doctor = (healer), tlitlawinok. 
door, stu’ktEn = (curtain). 
down (of birds), stlpEkEn. 
dry, tsé’tq. 


earth, tEmu’H. 
east, vacat. 
eddy, kai'akum. 
evening, Qunié’nt. 


far, tsaQ. 

fat (man), nil. 

fat (animal), nos. 

feather, cElts. 

few, BHwi'n. 

fight (to), skwé'ltmn. 

fire, ha’yuik. 

fire-place, cwekail. 

firewood, sia’tl. 

flame, kwi’taQom. 

Hat, luku’nEp. 

flesh, slé’tk. 

flower, sp’E/kum. 

foam, spa’k:om. 

fog, skE'tyhum. 

foggy, ska'tyhum. 

full moon, sk‘uké’its. 

garden, kwaqt (borrowed from the 
Kétsi tribe). 

ghost, spElkwe’ts. 

girl, k’amia’tl. 

good, é. 
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good-bye, Haia wEtl. 
green, s’hii'i. 


hail, skwilkwa‘loH = (pellets). 
happy, he’lak. 

hard, k’loH. 

here, é, KwE-ni. 

hill, ska’kwEp. 

hollow, cwii/tkwawon. 

home ! tak:Q, QEa’ met. 

horn, tse’stEn, 

hot, koa’koas. 

house, home, 14/lEm. 


ice, spit’. 

ill, sil. 

Indian, Qo’l’mia. 
infant, ska’keEla. 
island, tl'siis. 


kick (to), slemiie’ls. 
kind, Qé’QeEtl. 
knife, tle’tstrn. 


Jake, Hi'tsa. 

lamplight, hiyaikwé n. 

large, si 07 tsi. 

laugh, sné’Em, 

leaf, tsa’tla. 

lean, skwom0o’H. 

life, cQE'li. 

light, sté’wil. 

lightning, squ’nok‘t=(flashing of the 
eyes of the thunder-bird), 

little, amé’mEn. 

long, tla’kut. 

loud, ské’lekup. 


maiden, k'‘a’mi. 

man, swé’Eka. 

man (old), cii'lakwa (tu swé'Eka), 
man (married), stcaug. 

many, much, kuq or kuq. 

meat, smé’is or smés, 

moon, tl'kElts. 

morning, nEtitl. 

mountain, smii’Enit. 

mud, s’é’kEl. 


narrow, tié’tq. 
near, st’tEs. 
needle, pe’tstEn. 
night, snet. 

no, au’a. 

nobody, aui’ta-wet. 
none, aui’ta. 

noon, tuk-swé’il, 
north, té’ wot. 
now, tEna’. 
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paddle, sk'u’meEl. 
people, elq’lemuqQ. 
person, misteng. 


quick, Qom (intensive form Q-mqom),. 
quiet, si’hatl. 
quiver, tsilqElstEn, 


rain, tlumoH. 

red, skwim. 

river, stia'lo = (flowing water). 
rock, smant. 

rotten, tsatsa’kwom. 

rough, slens 

round, se’ltsum. 


sad, stél, or sthé']. 

saw, cli’tlasets. 

scissors, sii’mkelts = (to chip). 

sea, kwa'tlkwa. 

seer, seu’a ov seu’ wa. 

shaman, sQEnii’m v7 cwEna’Em. 

short, tsutsi’tl. 

sick, ka’kdi. 

sit (to), sai’mut. 

sky, swéil 07 swaiyil. 

slow, ai’yum. 

small, amé’mmEn. 

smile, sqne’yamus., 

smoke, spo/tlim. 

show (to), ye'yuk; snow, mii’ka; 
syé'yuk, it is snowing. 

soft (to the touch), né’akwom, 

3, (easy to break), ké’aka. 

soot, kwaisEp.® 

south, yi. 

sour, ta’tsum, 

spirit, soul, smisté’ua. 

spring, tEm kwé'lis = (uncovering 
time). 

star, koa'sEn. 

stand (to), sqé'litl. 

stone, smint. 

stream, stii’tlo = little river. 

straight, suk’. 

strength, Eyu’m. 

strike (to), skwa’kwot, 

strong, kwo'’mkwuin. 

summer, tem kwa'lakwes (sun season). 

sunset, tsoH, 

sun. sia/kwum. 

swamp, tsé’tsakel. 

sweet, ka’tum. 


that, te-ni, t’sa. 

the, tk (masc.), sE (fem.) 
these, tE-na. 

there, ni ov né, kwk-na’, 
thick, p’tlet. 


1 The distinction in meaning between these two terms is interesting. tdék'@ is 
always employed by speaker when referring to his home when he is absent from it; 
Qra’met when he arrives there. See use of these terms in story in Kwa/ntlen 
text. 
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thin, skwom06’H. weasel, sElslE’m. 

this, tE-na, ti. west, vacat. 

those, tE-ni, t’sii-li. wet, tlok:. 

thunder, sQo’kQas. which ? kwa nzE'tsa? 

tobacco, spo’tlem. verbatim, a one. 

to-day, te na wai'yil = (this day). white, pEk. 

to-morrow, wai’yilis. who? wet? 

torchlight, skwe’ncen. whose? towet ? 

tree, sk’a’it. wind, s’pEhe’ls. 

twilight, set-til. window, skwatca’stEn. 

winter, tEm Haitl = (cold season). 

ugly, kElé’mut (said of persons), witch, sewé’n or setiwé'n. 
»  keElkeElmut (said of animals). wood, sia’tl. 

unkind, HkEla’QeEtl. woman, slé’ni o7 tlé’ni. 

,  old,cialakwa(sE slé'ni or tlé'ni). 
village, vacat. » married, swiwE kus. 
warrior, Q’skuké’letl. yellow, lz’lits. 
wash (to), tsdq. yes, aia. 
water, k-a. yesterday, tsila’katlitl. 
weak, ké’k'Elam. youth, swé’wolus. 

Archeological. 


The archeology of the district, comprising the territories of the 
Halkomé'lem tribes of the mainland, has already been treated of in part 
elsewhere.! I shall therefore at this time content myself with a general 
summary of my investigations over the whole field. These have been 
carried out at various points at different times during the past ten years, 
partly at my own desire and partly at the request of the late Dr. G. M. 
Dawson, Director of the Dom. Geol. Survey, on behalf of the National 
Museum at Ottawa. 

The archzological remains found in the Lower Fraser district fall very 
naturally under two heads—middens and burial mounds or tumuli. In 
treating of the former it will be convenient to divide them into two 
classes, the ancient and the more recent. The earlier ones are characterised 
throughout by their abundant external and internal signs of comparative 
antiquity, and by certain somatological evidence of the presence of a race 
here during the time of their formation differing radically in important 
physical traits from the present Salish tribes, 

As the older middens do not differ materially from each other wherever 
found except in regard to their extent and mass, I shall confine my 
description in the main to one very large one on the right bank of the 
north arm of the Fraser, a few miles up from its present mouth. The 
evidence of antiquity is, in the case of this midden, clear and unmistakable. 
First, in the growth upon it of an old forest, the trees of which are, in 
numerous instances, from 4 to 8 feet in diameter, and their annular 
rings indicate an age of 500 years and upwards. The roots of these 
trees are embedded in the midden mass itself and have demonstrably 
grown there since the site was abandoned and given over to nature by its 
original occupiers. Secondly, in the extensiveness and volume of the 
midden material which stretches along an ancient bank of the river— 
which is here some 200 or 300 yards back from the present bank—for 
upwards of 1,400 feet, covering, to an average depth of about 5 feet and 


1 Sce the writer's notes on ‘Later Prehistoric Man in British Columbia,’ 7rans. 
Roy. Soc. Can., vol. i., sec. ii., 1895-96; and ‘The Prehistoric Races of British 
Columbia,’ Christmas Number of the Mining Record, Victoria, B.C., 1899. 
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toa maximum depth of over 15 feet, an area exceeding 44 acres in extent. 
It is composed of the decaying remains of marine shells, mostly of the 
clam and mussel kind, intermingled with enormous quantities of ashes, 
calcined and fractured stones, and other refuse matter, and throughout 
its entire mass offers unmistakable testimony of extreme age. It will not 
be necessary to recapitulate here the evidence which I have set forth in 
detail in support of this in the publications referred to before. In my 
own mind there can be no doubt at all that this and the other middens 
of its class were formed many centuries ago by the predecessors of the 
present Salish bands. In the lower horizons of this midden several skulls 
have been taken out of a type wholly different from any to be found 
among the present tribes of this region. They are markedly dolicho- 
cephalic, whereas the general type of skull of the present Indian is 
markedly brachycephalic. The measurement of two of these formerly in 
- my own possession shows the cephalic index to be in both instances under 
74. According to the tables of physical characteristics of the Indians of 
the North-West,! the minimum cephalic index of the Delta tribes is 80, 
while the maximum reaches to 93-1, and in a total series of fifty-five cases 
the average index was 87. It is plain, then, that the difference here is 
extremely wide. Another striking feature of these crania, which even 
more strongly differentiates them from the Lower Fraser type, is the 
remarkable narrowness of the forehead and the lofty sweep of the eranial 
vault, both features contrasting strikingly with the receding foreheads 
and broad flattened heads of the historic Delta tribes. I may also add 
that Dr. F. Boas, to whom I gave one of these skulls, concurs with me in 
regarding these crania as radically different in type from any now known 
in this region. 

Of the relics recovered from this midden most are simple in make and 
design, and such as are, with few exceptions, found among primitive 
peoples elsewhere. I have figured some typical specimens of these in my 
‘ Notes on Later Prehistoric Man in British Columbia,’ and in my ‘ Pre- 
historic Races of British Columbia.’ No pottery of any kind has been 
found in any of the middens of either class ; indeed, the ceramic art appears 
to have been wholly unknown to the aborigines of British Columbia, both 
ancient and modern. Of stone bowls or basins a great number and variety 
have been recovered. Some of these are fashioned after the likeness of 
animals and fish, the bear, frog, and salmon being the favourite patterns. 
Occasionally the bowl represented a human head with the face on one 
side of it. Large numbers of barbed and grooved bone spear and arrow 
points, as well as stone adzes, axes, fish and skinning knifes, chisels, 
scrapers, &e,, are found. Some of these are of the rough ‘ paleolithic’ 
type, others are finely wrought and polished ‘neoliths,’ The two are 
commonly found side by side. The material out of which these stone 
tools and weapons were made was of various kinds. The fish-knives were 
invariably of thin slate. The adzes, axes, and chisels were commonly 
formed from dull green or grey and mottled jade, though specimens 
wrought from smoky quartz have been recovered. A dark grey or black 
basaltic rock was also extensively used, principally for spear and arrow 
heads. The latter were also made from slate, and when so formed were 
invariably ground into the required shape. These were generally stemmed 


1 See Tenth Report on the Physical Characteristics of North-West Tribes of 
Canada, by Dr. F. Boas (Brit. Assoc. Report, 1895, p. 17). 
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but never barbed. <A striking feature of some of these slate arrow-points 
is that the edges are bevelled from different sides, as if designed to give 
a rotary motion to the projectile ; but these are not common forms. I 
have seen but one of this type. A few specimens of obsidian have also 
been found. In form and variety almost every known type of arrow- 
head will be found represented here. 

Stone swords of several patterns were also used by these midden 
makers. Some of them resemble in general outline the short double- 
edged sword of the Roman legionaries ; others resemble, in cross-section, 
in a general way a ship’s belaying-pin. The ends of the handles of all 
these swords were pierced with a counter-sunk hole, the boring being done 
from both sides and meeting about the middle. Through these holes were 
doubtless threaded the leathern thongs which bound the weapons to their 
owners’ wrists. Bone needles of various forms and sizes, with the eye- 
hole sometimes in the centre, sometimes at one end, are quite com- 
mon. <A few specimens of the pestle-hammer have also been recovered 
from this midden, though I met with no specimen of the kind in my own 
investigations. These do not differ in any radical feature from the types 
found in the later middens of this region. Indeed, I am free to confess 
that although I hold the more ancient of the middens to have been formed 
by am antecedent non-Salishan race, the specimens recovered from them 
do not differ in any remarkable degree from those found in later forma- 
tions or from the utensils and weapons formerly employed by the present 
Salish tribes when we first came into contact with them. But while this 
is true it must be borne in mind that we have some types of utensil, 
notably the several varieties of the pestle-hammer, which are peculiar to, 
and probably originated in, this region ; and these may very well have 
been borrowed by the Salish from their dolichocephalic predecessors. If 
this view is not well founded then it would appear that we have in these 
ancient middens very clear evidence of the antiquity of the Halkomé’lem 
tribes in their present habitat. But this I seriously doubt. The evidence 
gathered from a comparison of their tribal customs, beliefs, and speech, 
especially of the latter, makes it impossible to believe that they could 
have occupied their present quarters as separate and distinct tribes since 
the days of theearly middens. For by the most conservative calculations 
the lower strata of these old middens, such as that I am describing, could 
not have been formed less than a thousand years ago ; and from what we 
know of the rate of dialectic change, phonetic decay, and the evolution of 
new forms in human speech, and particularly in barbarous and unlettered 
tongues, less than one half of that period would have brought about such 
dialectical differences in the language of the outlying and distant tribes 
as would long ere this have made them mutually unintelligible. Yet 
such is not the case. The Halkomé’lem tribes from Yale to the Fraser’s 
mouths and down the Sound all speak what is practically a common 
dialect. This fact makes it impossible to believe that these tribes have 
occupied the delta for any very considerable period, and yet everywhere 
throughout the whole area these ancient middens, many of them acres in 
extent, abound. 

Adjoining the Halkoémé'lem tribes of the Delta and Sound are other 
Salish tribes, such as the Sk-q6'mic, Siciatl, Stlatlumn, and N’tlaka’pamua, 
whose dialects in some instances differ among themselves as much as 
Spanish does from Italian or Portuguese. On Vancouver Island it is the 
same. There we find a branch of the Halkomé’lum division whose speech 
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is quite intelligible to their kindred of the mainland, while that of the 
contiguous tribes is strange and practically unintelligible to them. The 
tribes of the Lower Fraser border upon the Sk‘qd’mic settlements, whilst 
over a hundred miles divide them from the upper bands of the Fraser ; 
yet the speech of both upper and lower is practically alike, while that of 
the neighbouring Sk-qo'mic (a non-Halkdmé'lem division) is so different 
as to be unintelligible. There can be but one explanation of this. The 
Halkomé'lem were formerly less scattered, and lived in closer contact 
with each other ; in other words, occupied a more compact territory than 
their present one. It is a significant fact, too, I think, that in no case do 
we find their genealogical records extending beyond nine or ten genera- 
tions at most. In regard to this I cannot forbear thinking that if the 
names of nine or ten lineal chiefs can be handed down orally from father 
to son, then the names of twice or thrice that number might have come 
down in the same way. It isso among the different Polynesian tribes. 
Their genealogical list extends back for twenty or thirty generations, in 
some instances even further, and the record with them as with the Halko- 
mé’l~m is wholly oral. This uniform limitation of their genealogical 
records to nine or ten generations among the Halkomé'lem tribes I regard 
as significant : to my mind it indicates that their separation into distinct 
tribes, with chiefs of their own, and their settlement in their present 
territories took place no longer than nine or ten generations ago, and this 
is about the period which on analogy would be required to bring about 
such differences as we now find in the speech of the upper and lower 
tribes. It seems clear, then, that the Halkomé’lem tribes could not have 
formed these old refuse heaps. Whether these tribes displaced other 
Salish tribes who preceded them in these parts or whether they succeeded 
the ancient midden makers themselves, and subdued, absorbed, or exter- 
minated them, it is impossible at this stage of our investigations to say. 
There is, however, one feature in the beliefs of the Kwa/ntlrn tribe which 
seems to favour the latter view. For according to a Kwa/ntlen tradition, 
at the time of the creation of their ancestor the Kwikwitlem tribe was 
also brought into being to be the slaves and servants of the Kwa/ntlen. 
That this tribe was held in servitude by the Kwa’ntlen, and despised by 
them and other tribes, is historically certain. It is told also in the 
Kwa’ntlen traditions that one of their chiefs looking across one day from 
the slope on which the city of New Westminster now stands to the level 
marshy flats on the other side of the river, which the village of Brown- 
ville now occupies, conceived the idea of turning them intoa fishing camp, 
and forthwith compelled the Kwikwitlem to convey there in their canoes 
immense quantities of rock and earth until the flats were raised sufficiently 
high to be suitable for a camping ground. 

Whether we see in the Kwikwitlem a broken and subdued remnant 
of the predecessors of the Halkomé’lem tribes I do not take upon myself 
to say, though I regard it as by no means improbable. But I find no 
hesitation at all in saying that these older middens were not the ancient 
camping grounds of the tribes now settled in their vicinity. Indeed 
I seriously question whether the Salish stock was broken up into groups 
and tribes, as we now find it; or that the Salish language of British 
Columbia had been differentiated into its present numerous dialects at the 
time of the formation of the old middens of British Columbia. Nay, 
I will go further, for the linguistic evidence I have gathered from my 
studies of the Salish and Kwakiutl-Nootkan tongues warrants the assump- 
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tion, and say that probably less than a millennium ago the ancestors of 
both these stocks dwelt together as one people and spoke a common 
language. Where the original home of this undivided people was, or what 
territory they occupied before their advent here, is a question we shall 
have to consider later. But wherever it may have been! it is abundantly 
clear that it was not the shores and bays of British Columbia or indeed 
those of the adjoining States. For almost every division of these two 
stocks have distinct names for the six different species of salmon and the 
other varieties of fish found in these waters ; which could not conceivably 
have been the case had they lived together here before their separation, 
as fish, and above all salmon, is their staple food, and has been time out 
of mind. And not only have they different names for the fish themselves, 
but also widely differing myths to account for their origin or rather 
presence in these waters. 

The later or more recently formed middens are easily distinguished 
from the older kind. First by their general condition, and secondly 
because in most instances they are known to have been old camp 
sites of the present tribes. With very few exceptions we find the shell 
remains in the later heaps in a good state of preservation and freer from 
ashes and other earthy matter. So much is this the case that some of 
the shrewder settlers in early days converted some of these shell heaps 
into lime, for which commodity they found a ready sale. Of the relics 
recovered from them the majority are of stone. In the old heaps 
the reverse is the case, bone specimens preponderating. The later 
middens, too, are comparatively small and shallow, and, as far as my own 
investigations go, not nearly so rich in relics as the older and more 
extensive heaps. Taking both classes of middens together, the number 
and ubiquity of them are remarkable. The shores of the estuary and of 
Puget Sound, as well as the coast and islands generally, are literally 
covered with them. In the neighbourhood of Boundary Bay they stretch 
almost continually for miles along the sound. Between Ladner’s at the 
mouth of the Fraser and Point Roberts in Washington State I found 
them in scores, sometimes situated several miles back from the water in 
the midst of thick bush and timber. These latter were generally speci 
mens of the older kind ; and like those on the Lower Fraser were com- 
posed before the forest grew there, and when the Delta was less extensive 
than at present, and the salt water reached farther inland. 

The relative richness of these delta middens in relics is another 
remarkable feature of them. One may dig and search for days in some 
heaps and find scarcely anything, while others abound, or did formerly, 
in bone and stone specimens of all kinds. There is one at the river-side 
village of Hammond, on the Fraser, which has yielded an almost incredible 
number of the most interesting relics. It extends along the bank of the 
river for a considerable distance, and is now utilised as fruit and vegetable 
gardens, &c., for which purpose the midden matter is admirably adapted, 
being rich in the elements of plant life. The settlers who first cultivated 
this ridge collected hundreds of different specimens. These, unfortunately, 
for the most part were cast aside, or became broken or lost, or else were 


1 See the writer’s paper on the ‘ Oceanic Origin of the Kwakiutl-Nootka and Salish 
Stocks of British Columbia,’ published in the Trans. Roy. Soc. Can., vol. iv., sect. ii., 
1898. The views therein set forth have met with the general concurrence of Tregear 
and other Polynesian scholars, and have been further strongly confirmed by my later 
linguistic studies of Columbian and Oceanic stocks. 
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given to friends or chance visitors, and thus got scattered beyond recovery. 
Not a few found their way to eastern collectors and museums. Mr. 
Harlan Smith, of the New York Museum of National History, spent some 
weeks here with a staff of diggers two or three summers ago, and, 
I understand, secured many interesting specimens which are now in the 
museum at New York. I also paid a short visit here last summer on 
behalf of the Museum of the Dominion Survey at Ottawa and secured a 
few specimens of adzes, axes, chisels, fractured slate knives, pestle- 
hammers, spear and arrow heads, and the like. The limited means at my 
disposal necessarily restricted my investigations, much and deep digging 
being now required to secure anything of value or interest. The territory 
in the neighbourhood of this midden was formerly regarded as the summer 
camp of the Ké’tsi tribe, whose headquarters were at the head of Pitt 
Lake. Whether the ancestors of the Ké'tsi once dwelt here and formed 
this extensive midden is not at all clear. It possesses many features in 
common with the older middens, and was doubtless formed when the salt 
waters of the gulf came many miles higher up the estuary than they do 
now, and when the clam and mussel beds were not so far off as at present. 
Although the Ké’tsi are said to have claimed this camp as theirs, the 
condition and extent of the main mass of the midden demonstrably proves 
it to be of comparatively ancient formation. For my own part, if the 
Ké'tsi are to be regarded as a genuine branch of the Halkdme’lEn, of 
which there is some doubt, I do not see, for the reasons already given, how 
their ancestors could have formed this old and extensive midden. 

I now pass on to a summary consideration of the burial mounds 
or tumuli of this district. Certain sections of the province abound in 
these, notably the delta of the Fraser, the shores of Puget Sound, and 
the southern half of Vancouver Island. In the latter place they are 
found stretching from Nootka Sound on the west to Comox on the east. 
Wherever these structures are found, though they sometimes differ con- 
siderably in detail, they share, in the main, certain general characteristics. 
T have already described in detail one of the most interesting groups of 
these situated at Hatzic on the Fraser, and given illustrations of their 
internal and external structure, and figured the few relics recovered from 
them in my earlier publications on these subjects referred to before, and 
so shall here only treat very generally of them as far as they are found in 
the Halkomé'lem territory. In the groups on the Fraser, though they all 
consist of heaps of clay and sand and boulders, they differ one from 
another considerably in detail. Some were simple mounds of clay which 
had been heaped up over the corpse to a height of several feet. The 
diameters of these varied from 3 to 20 or 25 feet. These smaller 
ones were doubtless graves of children, The bones in all these clay 
mounds that I examined were always wholly decomposed, and their 
remains so closely integrated with the soil that the fact that a body once 
lay there could only be discovered after careful search. I may here state 
that in all these Fraser mounds, as well as in all others I have opened 
elsewhere, only one body was interred. About this there is no doubt, and 
this fact of separate individual interment is certainly one of the most 
striking features of these tombs. Another peculiarity is that few or no 
relics are recovered from them. A few copper specimens were taken 
from one or two of the most elaborate of the Hatzic group, but not a 
single specimen of stone or bone of any kind ; and it is the same of others 
elsewhere. If we take these groups in the order of their elaborateness 
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the next in the series is a class of mounds formed in part like the clay 
ones, but differing from them in having a pile of boulders heaped up over 
and around the spot where the body lay. These boulders were afterward 
covered with the neighbouring soil, the pile when finished being from 
4 to 8 or 10 feet high, according to the depth at which the corpse was 
placed. This was evidently at times laid upon the undisturbed earth ; 
at others a basin-shaped hole was first excavated in the soil, and the body 
placed at the bottom of this. Another significant feature of these tumuli 
is the presence of charcoal in some of them. In several I found a distinct 
stratum, in places 1 inch thick, extending over the whole area of the 
structure some feet above where the body lay. This charcoal was 
evidently the remains of a sepulchral fire. In this connection I may here 
state that, as far as my investigations go, they show that the mound 
builders of the Halkomé'lem district did not, at times at least, practise 
quite the same mortuary customs as did those of Vancouver Island. For 
while it is clear that both made use of the sepulchral fire, those of the 
island seem to have frequently cremated the corpse and afterwards 
deposited the ashes and unburnt bones in a kind of pit or rough cist at 
the bottom of the mound. The evidence, however, on this head is not 
always as clear as one would desire. Nevertheless, there is no doubt that 
cremation was practised by the island mound builders, while this custom 
seems to have been unknown on the mainland. What was consumed in 
these sepulchral fires it is impossible now to say, though, judging from 
more recent practices of the kind, it may well have been merely food for 
the shade of the departed or his clothes or other personal belongings 
Mortuary fires for this purpose are not unusual among primitive races, 
and were, we know, commonly lighted among the tribes of this region 
until quite recently. 

Next in the series we find a class of mounds which may be said to be 
typical of the greater number of these structures wherever found. These 
differ from the last described in having a rectangular periphery of stones, 
Elsewhere on the Fraser, on the mountain slopes overlooking Sumas Lake, 
at Point Roberts on the Sound and almost everywhere on Vancouver 
Island, we find mounds of this class. These inclosures vary in dia- 
meter from about 10 to 50 feet. Sometimes they are proximately true 
squares, at others they are decidedly oblong in shape. The greater 
portion of the space contained by these boundaries is covered with the 
central pile of boulders or rocks, and over all is thrown the soil or clay of 
the neighbourhood, which is not infrequently interstratified with different 
coloured sands. Sometimes we find this type considerably elaborated, 
and instead of one boundary of stones we have three, one inclosing the 
other, with an interval of a few feet between them, with the outermost 
doubled and capped by an additional row. The stones of which these 
tombs are constructed vary in character with the locality in which they 
are found. All those at Hatzic were formed of water-worn boulders, and 
had to be conveyed to the spot from the mountain streams, a mile or 
so away from the site. They weighed from 25 pounds to 200 pounds 
each, and the total weight of them in one of the more elaborate mounds 
could not have been less than 25 tons or 30 tons. It will be seen that 
the building of some of these tombs was no light task. Those found 
on the mountain slopes overlooking Sumas Lake are in every case with 
which I am familiar built of jagged blocks of stone, of varying weight and . 
size, taken from the mountain side. In other respects they do not differ | 
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in any essential particular from the typical ones at Hatzic. But some of 
those on Vancouver Island might be more aptly termed cairns than tumuli, 
as they are constructed without clay or sand or soil of any kind, the 
pieces of rock or boulders being piled up in conical form over the body, 
much as we find them in the Scotch cairns. 

I have already alluded to the different kinds of sand found in some 
of these structures. I regard this as a remarkable feature. What its 
presence signified, I am unable to say ; but that it had some special signi- 
fication there can be no doubt. It is found in all the larger of the 
Hatzic mounds, sometimes in large quantities, and also in those near 
Sumas Lake and at Point Roberts ; and it is also quite frequently seen 
in those on Vancouver Island. This sand is sometimes spread over the 
structure in distinct layers or strata of varying thickness. Sometimes in 
the same mound we have layers of dark reddish or brown sand alternat- 
ing with layers of clay and dark-grey sand. In no instance is this sand 
the natural soil of the place where the mounds are erected, but has been 
laboriously brought from some other spot. I may here state that the 
Indians who live in the vicinity of these tumuli know nothing about them 
or their builders. Burial by inhumation was never practised in the Delta 
district by the present tribes as far as they themselves know, or as far as 
their traditions reveal. Burial in or under trees ; in roughly constructed 
wooden tombs, erected on poles; in large family box-like receptacles ; 
in blankets or in separate coffins or boxes, which were placed under sheds 
in the burial grounds, or suspended from the branches of trees, was the 
prevailing custom among these tribes when we first came into contact 
with them, and as far back as they have any record of. I have already 
pointed out my reasons for thinking they could not have occupied their 
present territory beyond a few centuries at most, and the presence among 
them of these old tombs, disclosing this strange mode of sepulture, of 
which they know nothing, seems to confirm this view. The conservation 
and perpetuation of well-established customs area very strong trait in the 
character of primitive man all over the world, and though changes and modi- 
fications may and do, by lapse of time or alteration of circumstances, take 
place, yet we rarely meet with cases of such radical change as that which 
must have taken place here if the present tribes are the descendants of 
the mound builders. Unfortunately we have thus far been able to secure 
so little somatological material from these tombs that it is impossible to 
institute comparisons between the morphological characters of the mound 
builders and those of the modern tribes, and so determine the question, 
if possible, by this means. In only one instance did I succeed in recover- 
ing a few bones and a portion of a skull, the examination of which has 
only made the question more perplexing. This skull had been subjected 
to considerable pressure in the ground, and had in consequence suffered 
very much from deformation post-mortem. To make the matter worse, it 
had also been deformed in the lifetime of the individual to whom it 
belonged ; and although Dr. Boas inclines to the belief that such of the 
face as is left presents features in common with the heads of the present 
Indians, the evidence in support of this is of so scanty and inconclusive 
a nature that it can scarcely be taken into account. This fragmentary 
skull, then, does not afford us much help. There is, however, one point of 
interest about it. It appears to be the skull of a woman. If it be so, 
then the honours paid to deceased wives or women among the mound 
builders were very much greater than those paid to deceased wives or 


ON THE ETHNOLOGICAL SURVEY OF CANADA. 449 


women among the Halkdmé'lem tribes, past or present, as far as we can 
learn. That these mound builders are an old race, and some of their tombs 
of great age, we may gather from the fact that out of the crown of the 
one from which the deformed skull was taken—and which was probably 
the cause of its partial preservation—there stood the decaying stump of 
a large cedar-tree, which could not have been less than several centuries 
old. From this it is clear that this mode of sepulture dates back to a 
comparatively remote period, too remote, I think, to have been known 
or practised by the ancestors of the Halkome'lem tribes. Deep-rooted 
customs such as these widely scattered monuments of a bygone age reveal 
do not change easily, or give place readily to others so radically ditferent. 

In concluding this paper I may be permitted to briefly sum up the 
results of my investigations of the archeological remains found within the 
Halkome’lem borders. First, we gather from the evidence of the older 
middens that the Lower Fraser was in possession of a Lea people 
at a comparatively remote date, probably not less than 2,000 years ago ; 
that the cephalic index and the general contours of the heads of at least 
some of these differed radically from those of any tribe that now exists 
or has been known to exist here ; and that these or some other equally 
unknown people practised important mortuary rights and customs alto- 
gether unlike those practised by the present tribes, or known to have 
been practised in the past by them. From these results and from my 
linguistic studies, which show that the speech of the Halkome’lem tribes, 
distantly separated as some of them are, is practically homogeneous, 
which could certainly not be the case if these scattered tribes had occupied 
the Lower Fraser district from the period of the earlier middens and 
burial mounds, we may fairly conclude that the present Salish tribes are 
not the original occupiers of this portion of the province ; that they are, 
in fact, comparative late-comers. Who, or of what race, were the ancient 
midden and mound builders, whether they were related to the De’ne’ of 
the interior who once undoubtedly occupied a greater portion of Southern 
British Columbia than they do now, or to some other unknown race which 
has been exterminated or absorbed, future investigations may one day 
reveal to us. 


Anthropological Photographs.—Interim Report of the Comittee, cone 
sisting of Mr. C. H. Reap (Chairman), Mr. J. L. Myres (Secre- 
tary), Dr. J. G. Garson, Mr. H. Lina Rotu, Mr. H. Ba.rovr, 
Mr. EK. 8. Hartianp, and Professor FLINDERS PETRIE, appointed 
for the Collection, Preservation, and Systematic Registration of 
Photographs of Anthropological Interest. 


Tue Committee report that steady progress has been made with the 
registration of anthropological photographs ; but that it has seemed 
desirable to postpone once more the publication of a classified list until 
the numerous photographs recently submitted can be thoroughly cata- 
logued and cross-referenced. 

The thanks of the Committee are especially due to the Librarian of 
the India Office, and to the Royal Geographical Society, for leave to 
autre the large collections of photographs under their care: as well as 
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to the numerous owners of negatives who have communicated with the 
Committee. 

The Committee ask to be reappointed, with the balance in hand from 
the original grant. 


The Roman Fort at Gellygaer.—Repert of the Committee, consisting of 
Professor J. Ruys (Chairman), Mr. J. L. Myres (Secretary), 
Mr. A. J. Evans, and Mr. HE. W. Brasroox, appointed to co- 
operate with the Cardiff Naturalists’ Society in its Kacavations on 
the Site of a Roman Fort at Gellygaer. 


TuE Committee has received from Mr. John Ward, F.S.A., of the Cardiff 
Naturalists’ Society, the following report of the exploration :— 


The village of Gellygaer lies between the Rhymney and the Bargoed 
Taff valleys, near the north-east border of Glamorgan, and at a distance of 
thirteen and a half miles N.N.W. of Cardiff. It occupies a high position 
(780 feet above the sea), and commands an extensive sweep of characteristic 
Coal-measure country, for this village is in the heart of the eastern part of 
the South Wales coal-field. 

The site of the fort is itt a field to the north-west of the church, which 
has, time beyond memory, borne the name of Gaer Fawr (Great Camp). 
Here a number of low mounds bore witness to the significance of the 
name, for to an experienced eye they marked the outline and chief 
buildings of a typical Roman fort. The position is not naturally strong, 
yet it is well chosen. It occupies a commanding position on the brow of 
Nant Cylla, but is overlooked by rising ground on the north-west. 

The exploration, for which permission was given by the owner of the 
property, Mr. Capel Hanbury Leigh, J.P., began in October 1899, and 
was continued during the warmer months each year until the end of 
autumn 1901. During its progress the whole of the site was sufficiently 
excavated to admit of a survey being made of all the buildings, some of 
the more important being wholly uncovered. It shares with Housesteads 
on the Roman Wall in Northumberland the distinction of being the most 
completely explored Roman fort in this country. 

The survey of the remains, made by Mr. J. W. Rodger, of Cardiff, 
presents a typical Roman fort, singularly complete, and characterised by 
great simplicity. The outer line of defence, it will be observed, is the 
usual ditch, which, in the case of Gellygaer, was crossed at the gates by 
bridges ; the inner, an carthen rampart, faced on both sides by retaining 
walls. This rampart is pierced by four gates, one about the middle of 
each side. Besides the chambers which flank these gates, there are 
twelve others, probably the basements of towers, at approximately equal 
distances along the rampart, one being at each corner. Connecting the 
lateral gates is the wide transverse street, the Via Principalis, and mid- 
way on its south-west side is the forum-like structure invariably 
found in these forts, and usually denominated the Pretoriwm. This 
structure, as usual, breaks the continuity of the longitudinal street. The 
rest of the site is occupied by buildings of several types, corresponding in 
the main with those of other forts. 

The length reckoned from the external face of the rampart is 404 feet 
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and breadth 385 feet, so that this fort is one of the smallest of the British 
excavated series, and it is a shorter oblong than usual. Another 
peculiarity is the backward position of the Via Principalis. 
. The various buildings, including the rampart revétements, were found 
to rarely remain to a greater height than 3 feet above the Roman level. 
They were constructed of the local Pennant gritstone, a hard, thinly 
bedded rock, which is still the chief building material of the district. The 
masonry may be described as regularly coursed rubble-work, but it varied 
considerably in quality. The gates, for instance, were neatly constructed 
of well-selected stones, many of which were more or less dressed. Some 
of the walls of the buildings of the interior, on the other hand—probably 
sleeper-walls to support superstructures of timber—were built of rough 
stones as quarried, with an admixture of weathered field stones, The 
voussoirs of the gate arches were of calcareous tufa. 

Mortar had been used in all these walls, but it was found, as a rule, 
to have decomposed into sandy loam of the same colour as the surrounding 
soil. ‘This proneness to decomposition was apparently due to the use of 
‘white’ lime, 2.¢., lime derived from Carboniferous limestone, and the: 
inability of getting a suitable sand in the district. This limestone, 
together with the calcareous tufa just referred to, is found in the vicinity 
of Castle Morlais, ten miles to the north-west. 

The foundations of all the outside and of most of the divisional walls: 
were deep and well laid, consisting of rough quarried and field stones, 
roughly coursed in the case of the more important walls, and packed on. 
end in the case of the less important. 

The roofs of several of the more important buildings had been 
covered with red tiles of the usual Roman type ; but from the absence of 
roofing tiles of any sort on the sites of others, particularly the ‘long’ 
buildings, it may be inferred that these buildings had been thatched or 
covered with wooden shingles or planks. 

The ditch was found to be of a shallow V-shape in section, approxi- 
mately 19 feet in width from lip to lip and 7 feet in depth ; and owing 
to the tenacious character of the natural soil, the sides were singularly 
well preserved. The excavation in front of the south-west gate showed 
that each side of the ditch had been cut back so as to leave a step about 
2 feet from the bottom, obviously to serve as a platform for the 
supports of a bridge; and from the absence of masonry it may be 
concluded that the bridge was of wood. 

As already stated, the rampart was of earth (evidently derived from 
the ditch) and confined between two walls. The outer of these walls. 
varied from 3 feet to 4 feet 3 inches in thickness, and the inner was: 
considerably thinner. Both walls had been built against the earth- 
bank. The total width of the rampart varied from 19 feet 4 inches to a 
trifle over 20 feet. 

All the gates, so far as could be judged from their remains, were of 
similar degign and size. They were double—that is, each contained two: 
passages, 11 feet long and wide, separated by an intervening spina. 
Front and back these passages were narrowed to portals 9 feet 6 inches: 
wide by projecting jambs or pilasters, which doubtless had carried 
arches, as the fragments of voussoirs of calcareous tufa were plentifully 
found on the sites. On either side of the pair of passages was an oblong 
guard-chamber about 11 feet by 9 feet 6 inches (internal measurements), 
entered by a narrow doorway in the back. 
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The whole structure (passages and guard-chambers) was within the 
width of the rampart, and the front pair of portals was set back nearly 
6 feet behind the front line of the rampart. These portals had been 
provided with two-leaved doors, which turned on pivots. These in closing 
stopped against a rim or sill of stone which crossed the threshold, and 
in opening fell back into the recesses made by the projection of the 
pilasters. In one of the passages of the south-west gate the raised sill, 
pivot-holes, and bolt-holes were found intact, the former consisting of 
two flag-stones end to end, and set on edge in the ground, the upper 
edge being worn by tratftic. 

From the presence of red roofing-tiles on the site of the north-east gate 
it is probable that the gates were roofed with these tiles. 

The building (VII) designated by some the Pratorium, and by 
others the Forum, was the most central and probably the most important 
feature of the interior of the fort. It was oblong in plan, 80 by 68 feet, 
and was of simple type, consisting of (a) an interior courtyard entered 
from the Via /’rincipalis, and surrounded on three sides by a narrow- 
roofed ambulatory ; and (+) a posterior portion. consisting of a space 
which may be regarded as the enlarged ambulatory of the fourth or far 
side of the courtyard with a range of five rooms opening into it. The 
middle room was distinguished from the rest by its external projection, 
in this respect resembling the corresponding room in some of the German 
pretoria. 

On the north-west side of the Prwtoriwm was a house-like structure 
(V1), consisting of a series of rooms, which opened into a corridor sur- 
rounding a small central court, entered from the Via Principalis. 

On the opposite side was an enclosed yard, which also had its chief 

entrance from the above street. This yard was not fully explored, but 
the trenches sufficiently showed that it was used for various purposes. 
( Between these and the lateral gates were two remarkable buttressed 
buildings (V and VIII), each about 83 by 35 feet. Remains of similar 
buildings have been found in most Roman forts, but nowhere else 
have they supplied so many hints as to their original construc- 
tion and arrangement. Each of the Gellygaer examples consisted of 
a middle portion having a raised floor of wood or other perishable 
material, supported upon a number of parallel sleeper-walls. In these 
walls, and between the buttresses of the external walls, were openings, 
evidently to allow of the free circulation of air between this raised floor 
and the ground. The roof above had been tiled in the usual way. At 
each end were the remains of a sort of portico, containing an entrance 
into the middle portion, reached by several steps. Of the various con- 
jectures as to the use of these buildings the most feasible is that they 
were storehouses. 

The four buildings described above, formed a range along the south- 
west side of the great cross street, the rest of the interior being occupied 
by a number of narrow transverse buildings, which apparently had been 
thatched, for no roofing tiles of any sort were found on their sites. 

Six of these (I, II, XII, XIII, XIV, XV) were alike, L-shaped, and 
their average length was 145 feet and width 36 feet. For about two- 
thirds of their length (corresponding to the upright limb of the L), how- 
ever, the actual wall on one side was recessed or set back about 6 feet, 
the full width being maintained along this portion by a row of nine posts, 
which evidently supported the overhanging roof, forming a veranda. 
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Buildings of a similar shape, but with stone pillars instead of wooden 
posts, have been found at Chesters (Cilwrnwm), in Northumberland, 
As these were divided into a number of narrow apartments opening on 
to the veranda, it is probable that the Gellygaer examples were similarly 
divided, only by wooden instead of stone partitions. These buildings 
were probably used for barracks. 

The other ‘long’ buildings differed from one another in shape and 
size, and it is likely enough that they were used for different purposes. 

A complete Memoir of the exploration, with plans, &c., drawn up by 
Mr. John Ward, F.S.A., for the Cardiff Naturalists’ Society, has now 
been published. Application for copies should be made to the hon. 
secretary of the Society, Dr, William Sheen, Cardiff. 


Silchester Ewcavation.—MReport of the Committee, consisting of Mr, 
ArtHur J. Evans (Chairman), Mr. J. L. Myres (Secretary), 
and Mr. E. W. Brasrook, appointed to co-operate with the 
Silchester Hucavation Fund Committee in their Hxcavations. 


Tur Committee have to report that the excavations at Silchester in 1901 
were begun on May 10, and continued without break until November 13. 

The work was confined to the northern half of the town, on a strip of 
ground lying to the east of insule XXI and XXII (excavated in 1899), 
and extending northwards from the modern road traversing the site to the 
town wall. The area examined was nearly 6 aeres. 

The ground in question was found to contain, in its southern half, 
a square insula (XX VII) of large size, while the triangular piece to the 
north proved to be an extension eastwards of insula XXII, of which the 
larger portion was excavated in 1899. The extension contained only two 
more buildings ; one towards the north ; the other towards the south, 
perhaps a small house with an eastern apse. 

The western half of insula XX VII contained the foundations of three 
houses. Two of these are especially interesting on account of the addi- 
tions that have been made to their plans. The northernmost house, which 
by these additions was more than doubled in area, was originally a com- 
plete example of the courtyard type, with mosaic floors in most of the 
rooms, and a number of interesting features. Two of the mosaic pave- 
ments were sufficiently well preserved to justify their removal. The house 
was evidently a half-timbered building, and in the added portion some 
remarkable evidence was found of the method of construction and the 
ornamental character of the half-timbered work. 

The second house was also of the courtyard type, but apparently of 
less importance than its neighbour, and perhaps of later date. The addi- 
tions to it included a number of winter rooms warmed by an elaborate 
series of hypocausts, and a building of doubtful use exhibiting some un- 
usual features of construction. 

The third house was of the corridor type, but its more interesting por- 
tion had been to a large extent destroyed. 

The extensions to the houses noted above stretch so far across the 
insula as to leave little room for any other buildings, and those that were 
uncovered were not of an important character. 
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The number of pits and wells met with in 1901 was small in com- 
parison with the many found in previous years, but they yielded a fair 
quantity of pottery and other antiquities, including a fine pair of iron 
wheel tyres, and a remarkable lead or pewter bucket. 


The annexed plan of the Roman town shows the portions excavated 
down to May 1902. 
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The finds in bronze, bone, and glass, and the coins, were as numerous 
as usual, but do not call for any special remark. 

A detailed account of all the discoveries was laid before the Society 
of Antiquaries on May 29, and will be published in ‘ Archeologia.’ 

A special exhibition of the antiquities, &c., found, was held, as in 
former years, at Burlington House, by kind permission of the Society of 
Antiquaries. 


The statement of accounts for the year 1901 showsa total expenditure 
of 5107. 15s. 8d. 

It is proposed during the current year to excavate the area near the 
east gate, adjoining the churchyard of the parish church of Silchester, to 
the west of the two square temples uncovered in 1890. 


The Committee, therefore, ask to be reappointed, with a further 


grant, 
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The Age of Stane Cireles.—Repart of the Committee, consisting of 
Dr. J. G. Garson (Chairman), Mr. H. Batrour (Secretary), Sir 
Joun Evans, Mr. C. H. Reap, Professor R. MEtpoua, Mr. A. J. 
Evans, Dr. R. Munro, Professor Boyp Dawkins, and Mr. A. L. 
LEwIs, appointed to conduct Rxplorations with the object of Ascer- 
taining the Age of Stone Circles. (Drawn up by the Secretary.) 


Tar Committee report that the excavations commenced last year at 
the Arbor Low Stone Circle in Derbyshire, were renewed towards the 
end of May of the present year, the necessary permission having again 
been very kindly granted by the Duke of Rutland, the First Commissioner 
of Works, and Mr. Warrilow, the ground tenant, and this opportunity 
is taken for thanking these gentlemen heartily for having thus enabled 
the work to be further prosecuted. As last year, so again this year 
Mr. A. Pitt-Rivers was good enough to lend the principal apparatus 
employed, for which sincere thanks are due to him. The actual organisa- 
tion and carrying out of the excavations were again placed in the hands 
of Mr. H. St. G. Gray, of the Taunton Museum, and the Committee 
wish to testify to their high appreciation of the manner in which he 
conducted the work under somewhat trying circumstances. He has com- 
pleted his elaborate survey plans with sections illustrating this year’s 
diggings, and has, during last year and this year, taken between thirty 
and forty photographs showing views of the monument, the excavations, 
and principal finds. He is further constructing a relief model which will 
accurately represent the entire structure. Considerable time and atten- 
tion was devoted to the relaying of the turf covering the parts disturbed 
during last year’s excavations. This was satisfactorily performed, and 
as arrangements have been made with the tenant whereby cattle and 
horses will be kept out of the field until next spring, it is hoped that the 
turf will now settle properly and that all traces of disturbance will dis- 
appear in a short time. 

The following detailed account of the work done this year has been 
submitted by Mr. Gray as a report to the Committee. 


On the Excavations at Arbor Low, May-June 1902. 
By H. Sr. GkorcE Gray. 


Little need be said this year in a prefatory way as regards the position 
of Arbor Low and its general description, these points having been dealt 
with somewhat exhaustively in last year’s report. The various dimensions 
of the circle and earthworks were also given, and the surveys, sectional 
diagrams, and photographs were fully described. 

Excavations were renewed this year on May 27, and continued until 
June 9. For the greater part of the time eight men and a boy were em- 
ployed as against a maximum of six men and a boy last year. A fairly 
large amount of time and labour had to be expended in relevelling and 
returfing last year’s excavations, for it was found that cattle, combined 
with dry weather after the completion of the work last year, had played 
great havoc with the relaid sods ; indeed, fresh turf had to be obtained 
and cut with proper tools for the purpose of returfing. The excavations 
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of 1901 and of 1902 have now been left in as good a condition as possible, 
and arrangements have been made with the tenant-farmer to keep the 
field in which Arbor Low is situated free from cattle and horses until 
Lady Day 1903, so that the relaid turf may have ample time to recover 
itself. The weather during the explorations was most unpropitious, 
there being only two thoroughly fine days. Heavy rain fell during a 
large proportion of the time, which greatly impeded the men in the 
filling in of the new excavations and in the returfing operations. This 
year’s photographs, in spite of the weather and of several having been 
taken in drizzling rain, are on the whole satisfactory. 

I was unable to determine the magnetic declination of the compass, 
hut Mr. Charles Lynam, F.S.A., kindly ascertained for me that it was 
17° 53’ at Buxton in 1901. 

An accurate model of Arbor Low is in course of construction and 
will probably be completed by about the end of this year. I regret 
that it has been impossible to finish it in time for exhibition at the 
Belfast Meeting of the British Association. 

Excavations into the Fosse-——In August 1901, as already reported, 
three cuttings were made across the ditch, viz., Section 1, measuring 
3™-66 wide, at the south, close up to the §.S.E. Causeway ; Section 2, 
3™-05 wide at the N.W,, with an extension up to the limestone sides of 
the N.N.W. Causeway ; and Section 3, also 3™:05 wide, midway between 
Section 1 and the N.N.W. Causeway, in all 14™:34 of fosse, This year 
three further cuttings were made, comprising 11™60 of fosse. The re- 
excavation of each of these sections will be described in detail. 

Section 5, 3™:05 wide, is situated on the west, between Sections 2 and 
3 of last year. Like Section 3, it proved to be very shallow, the lime- 
stone rock being reached in the middle of the silting at a depth of 30 cm, 
from the surface, whilst on the inner side of the ditch the depth was only 
24 cm. ; the section was not therefore surveyed and plotted. The bottom 
was fairly level, especially when compared with the bottom of the fosse 
in all other parts except in Section 3. No relics were found in Section 5, 
except one doubtfully artificial chert flake. The photograph, taken from 
the N.W. vallum, of the general view of the barrow on the S.E. vallum 
and portion of the circle, shows in the foreground in the right-hand corner 
the position of this section in its returfed condition at the close of the 
excavations. 

On the east by north, another cutting, Section 6, 3™-05 wide, was 
made across the fosse. Here again nothing of importance was discovered, 
but the section was surveyed and plotted. In this part, the surface of the 
turf of the silting at the lowest part was 2™-13 lower than the general 
level of the ground immediately adjacent to the central stones. The 
average depth of the section below the surface of the silting was 1-37 
and the maximum depth 1™-77 in the N.W. of the cutting. The blocks 
of limestone on the S.E. rise to a height of only 18 cm. below the surface 
of the silting. On the E. and N.E. the median block of limestone which 
ran across the section was divided from the limestone side of the ditch on 
the E. by a, vein of fine clay, yellowish-brown on the top and white below, 
which occurred at an average depth of 1™-22 from the surface of the silting. 
The surface mould in the middle of the silting reached a depth of 61 em. 
below which was the usual stiff clayey mould mixed thickly with small 
fragments of chert ; at the bottom the proportion of clay to mould in- 
creased, and the silting became more stiff and moist ; in fact at the bottom 
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it had to be cut out in solid lumps with a small spade, the chances of: 
finding relics consequently being very remote. The same remarks apply 
to the silting at the bottom of the fosse of Section 4, next to be described. 

Section 4 made across the fosse, 3":05 in width, and its extension 
westward to expose the limestone sides and end of the ditch at the N.N.W. 
Causeway, proved to be the most interesting and productive of all the 
ditch cuttings. The first ‘ find’ here was an almost circular greyish-white 
chert or flint end-scraper, with edge of the usual semicircular form. One 
of the side-edges exhibits some fine secondary chipping: this edge would 
serve admirably as a knife; the conchoidal fracture side is very smooth, 
and displays an extremely bold bulb or cone of percussion, surrounding 
which some radiating ‘tearing’ of the surface of the chert is well seen— 
the result of a single blow, The dorsal ridge running along this scraper is 
well marked, and is the result of a blow delivered above the divisional line 
of two adjoining and deep facets of the core from which the scraper was 
struck : it was found at a depth of 43 cm, (28 on plan and section). At 
29 (plan and section), at a depth of 91 cm., close to the limestone side of 
the ditch at the S.E, of the section, about two-thirds of an extremely thin 
and finely chipped flint arrow-head, of a light brownish-grey colour, was 
found : its greatest width is 21 mm., its greatest thickness 2‘7 mm. The base 
of this delicate implement is of semicircular form, whilst the side-edges of 
the perfect arrow-head, from the points of greatest width to the tip, appear 
to have been quite straight ; thus it represents the lozenge-shaped form as 
regards its upper half, and the leaf-shaped variety in the lower half, On 
the bottom of the fosse, at a depth of 1™:74 (43 on plan and section), under 
stiff clayey mould, was found the most interesting relic that Arbor Low 
has yielded during these excavations, viz., a barbed and tanged chipped 
arrow-head, of greyish-white flint or chert,! of extremely symmetrical form 
and 25 mm. (1 inch) long, a small portion only of the tip being deficient ; 
greatest width 21:5 mm., greatest thickness 5 mm. It is finely chipped 
all over its surface, including barbs and tang, which latter are bevelled on 
both faces from median ridges to edges. The end of the tang, which is 
very slightly longer than the barbs, is also bevelled. The section across 
the arrow-head is bi-convex, but it is considerably flatter on one face than 
on the other. The cutting edges are slightly convex, owing to the fact 
that the barbs have an inward curve. Doubtless a good deal of care was 
expended on its manufacture. 

Not far from this beautiful arrow-head, at a depth of 1™:46 (37 on plan 
and section), a small rough chert scraper, with semicircular edge, was 
found : one edge is bevelled to a sharp chipped cutting-edge, and might. 
have served well as a knife ; the facets bear excellent examples of con- 
choidal fracture. In clayey mould, close to, at a depth of 1™-40 (39 on 
plan and section), the greater part of a small horn of red deer, with four: 
tines, in an extremely friable condition, was found ; indeed only a portion 
of one tine could be preserved. At 21 on plan, depth 30 cm., a doubtfully: 
artificial chert borer and a probably natural scraper, were found. The. 
relics being so few comparatively, I have been reluctant throughout the 
excavations, both in 1901 and 1902, to throw away anything that might 
be pronounced by greater experts on stone implements than myself to. 
bear traces of human agency. The surface of chert does not seem to alter 


' My glass is not of sufficient power to determine whether this arrow-head is of 
chert or flint, The same remark applies to some of the other implements. 
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like flint does from exposure and age ; consequently it is often difficult, if 
not impossible, to decide whether certain fractures are ancient or quite 
recent. 

In the extension cutting to the west a greyish-brown flint flake with 
secondary chipping was found at a depth of 365 cm. (40 on plan and section): 
the bevelled edge on one side near the top is finely worked ; the bulb of 
percussion is very prominent, on which is a well-marked facet, known in 
scientific terminology as an éraillure.! At 41 (plan and section) a small 
chert or flint flake was found, depth 12cm. This completes the stone 
implements found in this part of the fosse. Of animal remains a tooth of 
sheep was found at a depth of 91 cm., portion of a humerus of ox ata 
depth of 1™52, and several small fragments of animal bones at various 
depths, too minute and friable for identification. Not to omit anything, 
it should be recorded that a Queen Victoria halfpenny, 1867, was found 
here near the causeway at a depth of 9 cm. below the surface of the turf. 
This is not surprising, as a coin trodden into the turf edgeways will 
gradually work its way downward a few inches during wet weather. 

Four or five photographs of this portion of the re-excavated fosse were 
taken, and three sections were levelled and plotted. 

This was the deepest portion of the ditch excavated, the maximum 
depth from the surface being 2™-04._ The bottom presented a very uneven 
surface ; in fact, no attempt whatever appears to have been made to obtain 
even a reasonably level track along the bottom of the fosse. The same 
remark applies to the bottoms of all the other sections, with the excep- 
tions perhaps of the shallow cuttings at sections 3 and 5 on the west, 
I was particularly desired to make observations on this point. Mr. 8S. 
Jackson recently found a flooring of poles at the bottom of a Bronze Age 
ditch at Fairsnape Farm, Bleasdale, near Garstang.2 The bottom of a 
ditch cut in the chalk of a Bronze Age tumulus dug in 1898 at What- 
combe, near Blandford, by the late and venerable Mr. J. C. Mansel- 
Pleydell, for over forty years President of the Dorset Field Club, was 
observed by Professor Boyd Dawkins to be ‘smoothed and polished into 
a perfectly well-defined track by human feet circling round the burial- 
mound.’ This ‘may have been intended for a ceremonial procession at 
stated times in honour of the dead.’* Chalk of course lends itself admir- 
ably to being smoothed by the constant friction of the feet, or even by 
means of such primitive tools as were used in the Stone Age ; whereas, 
in the case of the fosse of Arbor Low, the process of levelling or smoothing 
the mountain limestone with its veins of chert, calcite, and other hard: 
substances, would have bristled with difficulties. Although General Pitt- 
Rivers never actually recorded the fact, I am able to testify that the 
bottoms of several ditches surrounding Stone Age and Bronze Age tumuli 
which he re-excavated in the chalk in Cranborne Chase were perfectly 
smooth. Take, for instance, the case of the great Wor Barrow on Handley 
Down, Dorset : the bottom of the ditch was quite even and polished, 
especially the S.W. and W. portions, where the fosse was 3™:96 deep 
and measured 6™:40 in width at the top. Ifthe record of these facts 


1 «Worked Flints from the Cromer Forest Bed, by W. J. Lewis Abbott, F.G.S., 
Natural Science, vol. x., pp. 92 and 93. 

2 See Professor Boyd Dawkins’s paper on the subject, Zrans. Lane. and Chesh, 
Antiq. Soc., vol. xviii. 

3 Same paper, 7rans. Lanc. and Chesh. Antigq. Soc., vol. xviii. 

* Kacavations in Cranborne Chase, vol, iv., Pl. 253, fig. 1, and Pl. 249, 
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has no other use, it will at least tend to impress upon exploring archzeo- 
logists that there is yet another field of inquiry obtainable in ditch- 
digging. 

But to return to the Fosse of Arbor Low. From the western edge of 
the original cutting, Section 4, to the end of the excavation, called ‘ Ditch 
Extension, Section 4’ (which was extended to the westward in search of 
the solid limestone causeway), the rock sides shelved up very gradually, as 
seep in one of the plotted sections. From the 8.E. corner of the cutting 
and within 46 cm, from the surface, a ‘spur’ of solid limestone extended 
in a N.W. direction, sloping gradually and meeting in the middle of the 
cutting the limestone shelving up towards the middle of the causeway, 
on which long irregular ledges could be clearly traced which might well 
have served as steps to facilitate the process of ingress and egress to and 
from the bottom of the fosse before it became filled or partly filled with 
silting. 

In the N.W. side of this cutting through the fosse, miniature caverns 
occurred in the solid limestone sides of the ditch. Careful search was made 
here for any objects that might have been hidden at the time the ditch was 
open to the bottom ; our efforts, however, were unrewarded. 

Although the photographs of this part were mostly taken in the rain, 
they well show the form and irregularities of the sides and bottom of the 
re-excavated ditch. Considerable traces of fire were observed at the 
bottom near the point where the barbed arrow-head, 43, was discovered, 
and also in the corner of the cutting on the S.E.!_ The silting, as before 
stated, was of the same nature as in Section 6 on the east. 

This completed the examination of the fosse, 26 metres having been 
excavated in all, of the total length of 165 metres. In other words, nearly 
one-sixth of the fosse of Arbor Low has been re-excavated, and flint im- 
plements only have been found from top to bottom of the silting. The 
mean depth of the whole fosse excavated is 1™-19, 

As regards the arrow-heads, it is worthy of notice that the barbed- 
and-tanged specimen, a form generally considered to be the most highly 
developed, was found 82 cm. lower down in the silting than the arrow-head 
of leaf-shaped form, but approximating closely to the lozenge-shaped, a 
form which has generally been regarded as an earlier form than the barbed 
variety. It has not, however, yet been clearly ascertained which form of 
arrow-head was first manufactured, and the matter is at present surrounded 
with the greatest difficulty, inasmuch as the triangular, the stemmed, and 
the leaf-shaped varieties are recorded as having been found together in 
the same locality and in the same deposits. One form is easily evolved 
from another, and although General Pitt-Rivers’ method? of arranging 
arrow-heads, showing the theoretical transition from one form to another 
is excellent in museum arrangement, until something more definite is 
arrived at, yet, bearing in mind the records of the circumstances of the 
finding of flint arrow-heads during the last thirty-five years, it would be, 
as Sir John Evans has said long ago, ‘unwarrantable to attempt any 
chronological arrangement founded upon mere form, as there is little 


Dr. Garson has suggested that the traces of fire at this point may possibly indi- 
cate that this portion of the ditch, which is deep and would therefore afford some 
shelter from wind and storm, was occupied by persons employed in guarding the 
circle ; hence the greater number of implements in this section and in the corre- 
sponding section excavated last year on the other side of the causeway. —H. B. 

* Colonel A, Lane Fox’s second lecture on ‘ Primitive Warfare,’ Journ. R. V. Serv. 
Inst,, 1868, vol. xii., No, LI. . 
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doubt of the whole of these varieties having been in use in one and the 
same district at the same time, the forms being to some extent adapted to 
the flake of flint from which the arrow-heads were made, and to some 
extent to the purposes which the arrows were to serve.’ ! 

The two Arbor Low specimens were probably not used many years 
apart, for the fosse would, throughout its lower portions, and indeed 
within 30 to 60 cm. of the present surface of the silting, fill up somewhat 
rapidly, particularly at the bottom, owing to the fact of the sides of the 
ditch being exposed to the erosive force of the atmosphere, the action of 
rain and frost, and the consequent disintegration of the sides. In this 
way it will be readily understood that the width of the Arbor Low fosse, 
and indeed of all such ditches, at the top has increased during the process 
of silting up and denudation of the sides, whilst the width of the ditch at 
the bottom would remain very much the same as at the time of original 
construction. Naturally the sides of some ditches would disintegrate 
much quicker than others, the havoc played by frost and rain would leave 
its mark much more quickly in the case of the chalk than in that of the 
limestone, and thus the talus formed at the bottom of the ditch would be 
deposited much more rapidly in the former than in the latter case. The 
talus, as viewed by a spectator looking down into the ditch, would have 
a very pronounced concave surface, so that when the sides of the ditch 
become covered up nearly to the top, the depth of the talus in the middle 
of the ditch would not necessarily be more than, say, 60 cm. deep in the 
case of a fosse of the size of that at Arbor Low. After the whole 
of the sides became completely sheltered in this way, the filling up to the 
present surface of the central parts of the ditch from natural causes would 
be the accumulation of centuries of finer material and stone washed in 
and blown in from the surrounding country. Until grass began to form 
on the vallum a more or less large proportion of the silting would be 
derived from the slipping and washing down of material from the higher 
ground. Finally, when the grass had begun to grow in the fosse, the 
silting would almost cease and the surface mould would gradually increase 
in thickness as vegetable matter decayed. This mould would probably 
form in an increasing ratio owing to the greater luxuriance of the grass 
caused by the greater depth of mould and the greater moisture in the 
centre of the ditch. It appears certain that these ancient ditches, as 
I have'endeavoured to show, must have silted up (excepting the surface 
mould of course) in a constantly and greatly diminishing ratio. 

Now the relative depths of these two Arbor Low arrow-heads does not 
‘appear to differ very remarkably when the formation of the talus is taken 
unto consideration. The barbed arrow-head being on the bottom of the 
ditch and near the middle would become covered almost immediately the 
fosse was allowed to silt up. The other arrow-head being found within 
3 to 5 cm. of the side of the ditch at a depth of 91 cm., it will be seen 
that it would be deposited on the talus and become covered very soon 
after the barbed arrow-head. On the other hand, the broken lozenge- 
shaped arrow-head was picked up out of the silting so very near the actual 
wall of the fosse that it is just possible it may have rested on a small 
ledge of the limestone rock, being removed therefrom by the pickaxe on 
the day of discovery. In any case it may be safely asserted that these 


* Ancient Stone Implements of Great Britain, 1872, p. 330. 
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arrow-heads were in use at about the same period, and that the forms were 
contemporaneous ; at any rate, this instance renders it obvious that the 
barbed or stemmed is not necessarily a later form of arrow-head than the 
lozenge or leaf-shaped form. 

_ As far as practicable, it was found desirable to remove the silting of 
the ditch layer by layer, or spit by spit ; and in this way relics from the 
upper spits were discovered and recorded before the lower parts were dug 
into, so that no error as to the depth of the ‘finds’ could possibly take 
place. The method generally adopted, I believe, and the easiest for the 
workmen, is to remove the material in an excavation to the bottom in one 
spot, and then under-pick the remainder of the material it is desired to 
remove, and let all the earth fall to the bottom of the excavation. Many 
of the relics in this way fall to the bottom of the hole before they are 
observed, and are recorded as being found at the bottom. This invariably 
and inevitably leads to error in assigning the various ‘finds’ to their 
proper gisement, and valuable evidence is not only lost in this way, but 
hasty and inaccurate conclusions are often arrived at on the merits (1) of 
unreliable records. 

The Excavation of the Vallum.—In continuation of fection 4 across 
the fosse, a cutting, 3™-05 wide, was made through the vallum on the 
north. At this point the crest of the rampart is about 1™-43 above the 
‘old surface line’ immediately below it. Like the section of last year 
through the vallum on the N.W., this cutting yielded no relics, but proved 
of interest, inasmuch as it was largely composed of huge boulders of lime- 
stone (maximum length 1™ 22) shown in the photographs. No doubt these 
boulders had been loosened in the formation of the fosse and utilised for 
the construction of the vallum. The N.E. face of this cutting was plotted 
in section on a scale of 60 to 1. Chert and calcite occurred in bands in 
the limestone strata here in large quantities, and fluor-spar was detected 
by Professor Boyd Dawkins.! 

Two photographs of general views of Arbor Low taken this year show 
the more or less regular form of the vallum on the W. and 8.W., and on 
the other hand the disturbance of the vallum on the 8.E., caused not 
only by the constructors of the barrow on the vallum, but further by the 
state in which Bateman left the barrow after excavation in 1845, All 
along the crest of the eastern and N.E. vallum are irregular depressions, 
sufficient material for filling which may be observed at intervals in ledges 
and patches along the base of the inner side of the E. and N.E. vallum, 
or, in other words, along the outer edge of the fosse in these parts. The 
only feasible explanation for this seems to be that Mr. Bateman, elated by 
his success in finding a cist in the tumulus, pursued his investigations 
along the adjacent crest of the vallum at intervals and shovelled the 
material inwards down the slope of the vallum! 

Trenching near the Stones.—Three excavations were made this year 
with a view to ascertaining whether holes existed in the limestone floor’ 
in which stones I., II., and XX XVII. originally stood, but still without 
satisfactory results. The various writers on Arbor Low disagree as to 
whether the stones originally stood in an upright position, or whether 


1 Professor Boyd Dawkins visited the excavations on June 2. Mr. Henry Balfour 
was the whole of the same day at Arbor Low, and a part of the next. On June 4 
four members of the Derbyshire Archwological Society visited the diggings, includ- 
ing Mr. H. A, Hubbersty, Mr. W. R. Bryden, and Mr. W. J. Andrew, F.8.A. 
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they always laid flat on the ground.! Isaacson declared that they were 
never placed in an erect position ; Wilkinson and Pegge assert the re- 
verse ; Pilkington and Glover were ‘uncertain’ ; Dr. Brushfield appears 
to be of opinion that the stones originally stood tpright ; Lord Avebury, 
writing some twenty-three years ago, stated cautiously, ‘It is doubtful 
whether they were ever upright.’ ” 

The first hole, 2™:13 x 1°37, was made to the east of and close to Stone 
XXXVII. There was a well-niarked depression in the turf here, and the 
stone has a flat squared surface at the end. Just below the tirf, depth 
9 cm. (Plan 35), a small fragment of red pottety, apparently Romano- 
British, was found, and at 34 (plan and photograph) a small discoidal 
flint scraper, 31 x 26°5 mm. and 7‘7 mm. at its thickest part, yellowish- 
brown and translucent, was found in mould at a depth of 18cm. It is 
worked all round the edges and on both faces, and in addition all over the 
bulb of percussion ; in size and general character it resembles the small 
scrapers frequently found in association with Roman remains. A hole in the 
limestone floor certainly existed close to the N.E. of the stone, of more or 
less oblong form, length 1°77, maximum depth below surface of turf 
64 cm. This hole, however, appeared to me merely one of the usual 
natural shallow depressions in the limestone, and the excavation afforded 
no evidence of a hole having been cut for the reception of the base of 
a standing stone. 

Attention was now turned to the central stones, where a large patch of 
trenching, 10™-68 x 2™:13, was dug last year, resulting in the discovery of 
the extended human skeleton fully described by Dr. Garson and myself in 
last year’s report. The S.W. face of Stone I. in the centre being bordered 
by a marked trench bounded again on the west by aslight bank or mound, 
an excavation 4™ x 1™50 was next made. Digging had evidently taken 
place here in recent times, presumably by Bateman in 1845, when he 
opened the barrow on the vallum to the 8.E. The rock was reached at a 
maximum depth of 61 em. below the highest part of the turf and a mini- 
mum depth of 30cm. LEarly Victorian shards were found, and a clay 
tobacco-pipe bowl, also nineteenth century ; also a flint flake, depth 9 em. 
at 36 on plan, and a fragment of blackish Romano-British pottery, depth 
40 cm. 

A third hole, 2™:44 x 1™:37 was made at the N.W. end of Stone II., 
maximum depth 76 cm., minimum depth 52 cm.. No evidence as re- 
gards the original position of this stone. Whether it ever stood upright, 
could not be adduced from this digging, and nothing was found but a flint 
flake at 38 on plan, at a depth of 15 cm. Time and funds did not permit 
of anything further being done in the ‘centre.’ 

Excavations in the small Dyke connected with the Vallum of Arbor 
Low on the S.W.—The primary idea of excavation here was to ascertain 
whether the ditch of this small dyke, sometimes known as ‘ the Serpent,’ 
continued under the rampart of the larger earthwork, and if possible to 
prove its age by means of any relics that might be found. The ditch on 
the surface is only marked by a very slight depression, and the rampart 
averages only 46cm. above the level of the surrounding field. Doubtless 
the bank was higher at the time of construction, but denudation has 


1 Stone XVI. of my planat the present leans towards the N.E. at about 36° or 40° 
with the general turf level. 
2 Journ. Brit. Arch. Assoc., vol. vi., new series, 1900, p. 131. 
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occurred and the lost material, gradually sliding down, has assisted in the 
formation of the silting of the ditch. A section, 2™:13 wide, was first 
made through the bank and ditch at a point 51™-85 from the centre of 
Arbor Low, and within the area of the plan. The finds in the ditch here 
were :—A small worked flint flake of yellowish-brown colour and trans- 
lucent, depth 37 cm. (22 on plan and section) ; and a flint flake, depth 
55 em. (24 on plan and section). The bank yielded :—At 23 a doubtfully 
artificial black chert borer, depth 24 cm. At 27 (plan and section) 
depth 27 cm., on the level of the ‘old surface line,’ a well-formed greyish- 
white chert or flint end-scraper, maximum length 42 mm., width 36 mm., 
thickness 8 mm. ; both faces are almost flat, and the bevelled edge of 
horse-shoe form is finely chipped, exhibiting signs of considerable use. 
At 30 (plan and section), depth 21 cm., a greyish flint or chert scraper, 
an end- and side-scraper combined; length 53 mm., width 30 mm., 
thickness at chipped and bevelled edge, 8 mm. ; at the opposite end, that is, 
at the ‘bulb’ end, the implement had been finely worked to a point. This 
end and side were probably used for cutting purposes ; the whole imple- 
ment, and especially the finely chipped semicircular scraping end, is very 
smooth and worn, indicating prolonged use. These implements (Nos. 27 
and 30) are undoubtedly of the date of construction of the dyke. 

No further excavation of the bank was made, but the exploration of 
the ditch was extended for 1™:37 to the north, and produced the follow- 
ing stone objects :—At 25 (plan and section) a long greyish-white chert 
flake, with rough and irregular serrations along both edges, depth 61 cm. ; 
the oblique top does not appear to have been worked; the bulb of 
percussion displays a large and well-marked éraillure. At 26 (plan and 
section) at a depth of 98 cm. close to the bottom of the ditch, a small 
white flint or chert knife, finely chipped and of somewhat triangular 
form, length 30 mm., width 20:5 mm., greatest thickness 7 mm., was 
discovered. It is of an uncommon form, and at first sight would pro- 
bably be included in the category of arrow-heads; it is, however, 
apparently a finished implement, being chipped all round the edges ; 
the edge at base shows signs of crushing or bruising ; one of the side 
edges is straight and neatly chipped, whereas the other is convex with 
a finely worked bevelled cutting-edge with signs of crushing near the 
base. On the other face the concave edge has been considerably worked ; 
the bulb of percussion has also been chipped, leaving part of the 
éraulure facet visible. This is the most interesting implement found 
outside the vallum of Arbor Low during these explorations. Two 
flakes (not marked on plan) were also found here, both at a depth of 
61 cm. : one is merely a long narrow outside flake, the other a flint flake 
with edges slightly serrated. 

At this point the bank had been levelled down, probably for a 
modern cart-track, but it recommences and almost immediately terminates 
in the vallum of Arbor Low. Opposite to where this occurs another 
small excavation, 2™-44 wide, was made of the ditch to determine whether 
it ended here or continued in a northerly direction under the vallum of 
‘Arbor Low. The ditch shelved up gradually, and the rock-end was 
found, as shown in a poor photograph outside the vallum, thus proving 
that this little earthwork is of the same period of construction as 
Arbor Low or later ; but, judging from the relics discovered, it would 
appear to be of about the same date as Arbor Low itself. In this 
latter excavation a calcined chert scraper was found at a depth of 
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27 cm. (31 on plan and section): this implement, which was formed 
from an outside flake, has a pronounced and straight dorsal ridge, 
the section across the scraper being triangular. At 32 a small elongated 
narrow block chert end-scraper, worked also on both sides, was found, 
depth 49 cm. 5 and at 33 a black chert flake, depth 55 cm. 

The average depth of this little ditch beneath the surface was 91 cm., 
the width at top 2™-44. The chief photograph of this digging taken from 
the south was unfortunately a failure, but the four sections have been 
levelled and plotted, scale 60 to 1. 

Summary.—During the four weeks that the excavations have been 
in progress in 1901 and 1902 no metals have been found, nor any traces 
of fictile ware that could be assigned to the date of construction of 
Arbor Low. In all, six sections have been cut through the fosse, with 
extensions of Sections 2 and 4 to expose the solid sides of the northern 
causeway, 25-94 of fosse in all ; two cuttings have been made through 
the vallum ; four patches of trenching of varying dimensions have been 
excavated in the interior, the primary idea of which work was to en- 
deavour to find holes in which some of the stones could have stood ; and 
of the small dyke to the 8.S.W., 2™13 of rampart and 6 metres of ditch 
have been examined. The number of relics found has certainly been dis- 
appointing, and yet, on the other hand, Arbor Low, not having been 
a habitation, and, from negative evidence, appearing not to have been 
a place of sepulture in the Stone Age, I do not know that more relics 
could be expected under the circumstances. N othing Roman has been 
found, except three small fragments of what appears to be Romano- 
British pottery, just below the turf in the interior, As is well known, 
flint scrapers are frequently found in association with Bronze Age and 
Roman remains, but here they are found deep in the silting of the fosse, 
only in association with other rude stone implements and chipped flint 
arrow-heads of Neolithic form. The majority of the implements found 
appear to the naked eye to be of chert, which is only what one would 
expect, seeing that it is native, and an excellent substitute for flint, 
which had to be brought probably from some considerable distance. No 
polished implement or fragments have been discovered. Chipped celts 
and fragments are conspicuous by their absence. 

Sir John Evans states that Mr. J. F. Lucas had a roughly chipped 
celt, 10 cm. long, from Arbor Low but no record of its gisement appears 
to have been preserved.' Sir John also mentions the finding of a rare 
form of circular knife? at Arbor Low in 1867, likewise in Mr. Lucas’ 
collection ; and in addition he figures a finely chipped flint blade,? 15 mm. 
long, found at Arbor Low in June 1865 (Lucas collection). Jewitt has 
engraved the same implement full size ;4 and this, with the circular knife 
already referred to, as well as a smaller knife of the same kind, 4:7 cm. 
in diameter, is now in the British Museum. 

Arbor Low is therefore of such precise age as the barbed arrow-head 
may be assigned to, it having been found on the bottom of the deepest 
portion of the fosse. For reasons before stated, it has been shown that 
the barbed form of arrow-head does not necessarily and exclusively lead 
one to assign an earthwork in which such an arrow-head is found to the 
end of the Stone Age, or to the transitional period between it and the age 


1 Ancient Stone Implements, 1872, p, 64. 2 Op. cit., p. 306. 
3 Op. cit., p. 315, fig. 267. ' Grave Mounds, fig. 155, 
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when bronze was in general use. Judging from various finds of stone 
arrow-heads of the barbed form; although they are generally regarded as 
a late development in the Neolithic Age, they may probably have been in 
use in some districts about the middle of that age. The absence of finds 
on the old surface line under the vallum in the parts examined unfortu- 
nately does not help towards the solution of the problem of the date of 
construction of this fine circle of stones. Whilst still bearing in mind 
that Arbor Low has not been disproved to be of early Bronze Age date, 
no bronze, as before mentioned, has been found ; so that the balance 
weighs in favour of Arbor Low being of Neolithic construction ; but such 
a conclusion is, admittedly, only deduced on somewhat meagre evidence as 
regards the quantity and nature of the relics found. Finally, the evidence 
of Neolithic construction obtained last year has not been largely increased 
this year, but it has been greatly strengthened. 


It is unnecessary for the Committee to deal with the finds of this year 
in detail, as Mr. Gray has, in the preceding report, amply described the 
various objects discovered during the diggings. Undoubtedly the interest 
centres mainly round the finding of a typical ‘tanged and barbed’ flint 
arrow-head at the bottom of the fosse at a depth of over 1™-70 below the 
present level of the silting. This form of arrow-head, being usually believed 
to be a date development in Neolithic flint working, points to the probability 
of the construction of the fosse and vallum not being referable to a date 
earlier than the late Neolithic period, and thus a time-limit in one direction 
seems to be fairly established. There were no indications that the arrow- 
head may have reached its position at a date long subsequent to the for- 
mation of the fosse. Itis well known that the frequent use of implements, 
arrow-heads, scrapers, and the like of flint persisted far into the Bronze 
period, and to some extent even later, and that the ‘tanged and barbed’ 
type of flint arrow-head is very frequently found associated with Bronze Age 
finds. While, then, it must be admitted that the series of flint and chert 
implements discovered im sitw at Arbor Low cannot claim per se to establish 
a Neolithic date for this monument, it should be borne in mind that the 
total absence of objects of bronze or other metal which characterised the 
finds of last year has persisted as a noteworthy feature of this year’s 
results ; and, in view of the extent of the area examined, this absence of 
metal has some significance. 

If, on the one hand, the results so far obtained go to show that the 
construction of Arbor Low stone circle should probably not be referred to 
‘an earlier date than the later portion of the Neolithic period, there are 
reasons, on the other hand, for believing that it should not be placed ater 
than the earlier portion of the Bronze Age. The absence of metal of any sort 
amongst the finds must be taken as a clue only at the value of negative 
evidence, but it may be a fair deduction, in the light of this evidence, that 
if bronze were in use at all at the time of construction there was at least 
no abundance of the metal, and that great care was exercised in avoiding 
the loss of pieces of metal during the work of digging the fosse and 
building the vallum, and this may perhaps of itself point to a time when 
the Bronze Age was in its infancy, and when metal was far scarcer and 
more precious than it became lateron. A much more important piece of 
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evidence, however, is that to which reference was made in the report of 
the Committee for last year, viz., that a Bronze Age tumulus was 
certainly constructed out of material derwed from a portion of the original 
structure of the earthwork encircling the stone circle. For reasons given 
in last year’s report, it seems fair to assume that the tumulus must be 
considerably later than the circle, and, in view of this piece of evidence, 
it is reasonable to assign the date of construction of the circle to a period 
not later than the early Bronze Age. If, as has been urged by some, the 
finds from the tumulus are themselves to be regarded as belonging to the 
early Bronze period, then the probability of the circle being of Neolithic 
date is much increased. The discovery of red-deer antlers in two portions 
of the fosse may point to their having been employed for purposes of 
excavation ; a practice which was certainly a common one in Neolithic 
times. Unfortunately the fragmentary nature of the horns discovered 
prevents there being any certainty as to their having been so used, and 
their presence, while possibly having some significance, cannot be advanced 
as important evidence. 

On the whole, therefore, the evidence so far acquired seems to indicate 
that the date of construction of Arbor Low stone circle should be located 
within the period covered by the Late Neolithic and Early Bronze periods, 
It would probably be unsafe, on the available evidence, to attempt a closer 
approximation, since the greater part of the monument still remains 


unexplored. 


On Bplorations at Knossos in Crete-—Report of the Committee, 
consisting of Sir JoHN Evans (Chairman), Mr. J. L. Myres 
(Secretary), Mr. A. J. Evans, Mr. D. G. HoGarru, Professor 
A. Maca.ister, and Professor W. RipGEway. (Drawn up by Mr. 


A. J. Evans.) 


Tur work at Knossos, which was begun on February 12 last and was 
continued until the end of June, has been fertile in results beyond all 
anticipation. It seemed at first destined to be rather a campaign of 
finishing up and of rounding off a fairly ascertained area. But besides 
the chambers that remained to be explored immediately contiguous to 
the Hall of the Double Axes and that of the Colonnades, excavated last 
year, the whole building was found to have a considerably larger exten- 
sion on the eastern side than had been expected. The building was 
thus seen to have climbed down the slope in descending terraces to a 
point some 80 metres east of the northern entrance. 

Considerable remains were uncovered of the eastern boundary wall, 
or rather of four separate walls in immediate contiguity to each other. 
The ‘Hall of the Double Axes,’ excavated last year, was found to have a 
double portico at its farther end facing both south and east. In the 
south wall of this megaron there had been visible last year a doorway 
leading to a finely paved passage with a ‘dog’s leg’ turn so constructed 
as to ensure the privacy of the chamber beyond. The chamber thus 
approached has proved to be of quite original construction, It is flanked 
on two sides by a stylobate, which also served as a bench, between the 
pillars of-which light was obtained, on the one side from a portico with 
two column-bases, on the other from an area the farther wall of which 
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stepped back so as to ensure the better lighting of the chamber within. 
On the west side of this room is a balustrade, with an opening giving 
access to a small bath-chamber. Above the gypsum lining-slab of this 
bath-room a fine painted frieze of spirals and rosettes was found still 
clinging to the wall. Remains of a painted terra-cotta bath were found 
near. 

Another interesting feature of the new megaron itself was a small 
private staircase in its north wall, leading up to the thalamoi, or bedrooms, 
above, Of the wall-paintings that had originally adorned the megaron 
and its columnar fore-hall some important remains were discovered, 
including quite an aquarium of fish, with parts of two dolphins. This 
discovery supplies the counterpart to the fine fish-fresco brought to light 
by the British school at Phylakopé, and the latter work must be now 
definitely recognised as a product of the Knossian school. One very 
characteristic feature is common to both works. As the different tones 
of blue had to be mainly reserved for the fish themselves, and in order 
to give them greater relief, the ground was left white, and the sea water 
gracefully indicated by azure wreaths and coils of dotted spray. 

Here, too, was also found the upper part of a lady in a yellow jacket 
and light diaphanous vest, whose flying tresses suggest violent action. 
It had possibly belonged to a scene from the bull-ring. Another frag- 
ment found here shows a smaller female figure, nearly naked, springing 
from above and seizing the horn of a galloping bull like the tigure from 
Tiryns. It has, moreover, been possible to put together a large part of 
a painted panel, found in 1901, giving a highly sensational scene from a 
Minoan circus show. A Mycenzan cowboy is seen turning a somersault 
over the back of a charging bull, to whose horns in front clings a girl in 
boy’s costume ; while another female toreador behind, in similar deshabille, 
stands with outstretched arms, as if prepared to catch her as she is tossed 
over the monster’s back. The whole is a towr de force of the Minoan 
arena. Among other fresco remains were naturalistic foliage and lilies, 
and in a gallery east of the Hall of the Double Axes fine-veined imita- 
tions of marble blocks. A very suggestive piece of wall-painting, also 
found on this side, consists of a succession of mazes more elaborate than 
those on the later coins of Knossos, and showing that the prototype of the 
labyrinth in art goes back here to prehistoric times. Throughout all 
the region of the great south-east halls it has been possible to support a 
large part of the upper storey, and a most elaborate system of drainage 
has been found, including latrines with flush-pipes and drains of 
advanced construction, together with a succession of stone shafts descend- 
ing from the upper floors to a network of stone conduits beneath the 
pavement of the lower rooms, large enough for a man to make his way 
along them. Removal of some later constructions has greatly modified 
the northern entrance passage, which now, with its massive western 
bastion, has a very stately appearance. Outside this have been brought 
out the remains of a considerable portico, including the bases of a series 
- of large piers. 

Large fresh deposits of inscribed tablets have come to light, the 
general purport, of which was shown by the appearance of certain ideo- 
graphic signs, such as swords and granaries, and those indicative of 
persons of both sexes. The largest deposit referred to percentages—some 
with the throne and sceptre sign before the amount—apparently recording 
the King’s portion. A piece of a Mycenxan painted vase with linear 
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characters, and two cups with inscriptions written within them in a kind 
of ink, supply wholly new classes of written documents. Great numbers 
of clay seal-impressions were also brought out, including a fragment of 
one stamped by a late Babylonian cylinder. In magazines below the 
later palace level, and belonging therefore to an earlier building, occurred 
seal-impressions with pictographic signs, a striking evidence of the 
anteriority of this system of writing on the palace-site of Knossos. 
Interesting new materials have also accumulated bearing on the metric 
systems employed, and even, it would seem, on the origin of coinage. 

Among the finds of smaller objects two stand out respectively as of 
first-rate importance in the history of architecture and sculpture. One 
of these was the discovery of parts of a large mosaic consisting of 
porcelain plaques, a series of which represent the fronts of houses of 
two or three storeys. Fragmentary as most of these were, it was possible 
to reconstitute a fair number with absolute certainty, and thus to recover 
an almost perfect picture of a street of Minoan Knossos in the middle of 
the second millennium before our era. The different parts of the con- 
struction—masonry, woodwork, and plaster—are clearly reproduced, and 
the houses, some of them with two doorways, with windows of four and six 
panes—oiled parchment being possibly used for glass—are astonishingly 
modern in their appearance. Other plaques found with them show 
warriors and various animals, a tree, a vine, and flowing water, so that 
the whole seems to have been part of a large design analogous to that of 
Achilles’ shield. The other find—made towards the close of the excava- 
tion—which throws a new light on ‘the art of Daedalos,’ is the discovery 
of remains of ivory figurines. These are carved in the round, the limbs 
being jointed together, und seem to have represented youths in the act of 
springing, like the cowboys of the frescoes. The life and balance of 
the whole, the modelling of the limbs, and the exquisite rendering of 
details, such as the muscles and even the veins, raise these ivory statuettes 
beyond the level of any known sculpture of the kind of the period to 
which they belong. The hair was curiously indicated by means of spiral 
bronze wires, and the amount of gold foil found with them suggests that 
they had been originally, in part at least, coated with gold—in which 
case they would have been early examples of the chryselephantine 
process. Some beautiful examples of goldsmiths’ work were also found— 
a small gold duck with filigree work, a miniature gold fish exquisitely 
chased, and a spray resembling fern-leaves. 

The new materials bearing on the local religion are extraordinarily 
rich. Remains of a miniature temple of painted terra-cotta, with doves 
perched above the capitals of columns, occurred in a stratum belonging to 
the pre-Mycenwxan building. In the later palace a series of finds illus- 
trated the ‘betylic’ cult of the Double Axe and its associated divinities. 
A gem showed a female figure—apparently a goddess—bearing this 
sacredemblem. But more important still was the discovery of an actual 
shrine belonging to the latest Mycenzean period of the palace, with the 
tripod and other vessels-of-offering still in position before a base upon 
which rested the actual cult objects, including a small double axe of 
steatite, sacred horns of stucco with sockets between them for the wooden 
shafts of other axes, terra-cotta tigures—cylindrical below—of a goddess, 
in one case with a dove perched on her head, and of a male votary 
offering a dove. 

The actual discovery, within the palace walls, of a shrine of the Double 


ON EXPLORATIONS AT KNOSSOS IN CRETE. A69 


Axe must be regarded as a striking corroboration of the explorer’s views 
as to its identification with the traditional labyrinth, and of the philo- 
logical connection of the latter with the /abrys, or double axe, arrived at 
independently by Max Meyer and Kretschmer on philological grounds. 

One very important result of this year’s excavations has been the dis- 
covery of a whole system of chambers and magazines below the level of 
the later building, This shows, as is also proved by the abundance of 
re-used blocks with more primitive signs, that an earlier palace had 
existed on the site. The magazines belonging to this earlier building 
were full of the remains of painted pottery belonging to the purer 
‘amares’ class, and of finer fabric than the more transitional and later 
offshoots of the class found in some magazines brought to light this year in 
the south-east quarter of the second palace, Some of the earlier painted 
vases found in the magazines of this lower building are of an egg-shell- 
like fineness of fabric, an elegance of shape, and delicacy of colouring 
that was never certainly surpassed in the whole history of ceramic manu- 
facture. Many are embossed in evident imitation of metal-work. We 
have here the proof of a highly developed ‘ Minoan’ culture going back 
at least to the middle of the third millennium B.c. 

Below this ‘ first palace ’ structure, again, the remains of the extensive 
Neolithic settlement that underlies the whole site everywhere came to 
light. A considerable harvest of stone implements, primitive pottery, 
and ‘idols’ of clay, marble, and shell was obtained from this Neolithic 
deposit. Fragments of obsidian vases derived from the first palace are of 
the Liparite type, unknown in the AXgean, and must have been imported 
from the Italian island. 

Owing to the constant need of propping up the upper storeys and 
supporting terraces, much of the work has been of a difficult, and at 
times dangerous, nature, entailing a vast amount of actual construction 
in wood, stone, and brick. The shrine, like the Throne Room, had to be 
roofed over. Vast masses of earth had also to be removed from parts of 
the site, and nearly 250 workmen, including over a score of masons and 
carpenters, were constantly employed. Throughout the whole Mr. Evans 
had the devoted assistance of Dr. Mackenzie in superintending the 
excavation, and of Mr. Fyfe on the architectural and engineering side. 

The excavation of the south-east corner of the palace has still to be 
completed, and some works of delimitation must be carried out in other 
directions. The search for tombs must certainly be renewed, and the 
lower palace strata have also still to be explored at several points, and 
more ‘ Kaselles’ opened. Continued researches into the Neolithic deposit 
are also desirable, as well as the examination of some neighbouring 
buildings. Unfortunately the total amount that the Cretan Exploration 
Fund—including the British Association grant—was able to contribute 
towards the year’s expenses has again fallen far short of what the explorer 
has found it necessary to expend. 

[A fuller preliminary account of these excavations, with illustrations, 
will appear in the ‘Annual of the British School of Archeology,’ 
vol. vili., and a complete account of the whole Palace of Knossos in an 
independent volume eventually. | 
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Work of the Mammalian Heart.—Report of the Committee, consisting of 
Professor J. G. McKenprick (Chairman), Dr. T. G. Bropre 
(Secretary), and Professor W. H. THOMPSON, appointed to study 
the Power of the Mammalian Heart for performing Work under 
varying External Conditions and under the Influence of Drugs. 
(Drawn up by the Secretary.) 


A smRIEs of experiments have been performed upon the mammalian heart 
isolated by a special method, in which the work is measured by record- 
ing the output of the heart when it is made to work against a constant 
pressure. It was found necessary to determine variations in the working 
capacity of the heart when the pressure against which it works varies, 
for this leads to an alteration in the flow through the coronary vessels 
which in turn leads to changes in the working capacity, The experi- 
ments of this class are not yet completed, 

The influence of anzsthetics upon the isolated heart working against 
a constant pressure have also been investigated. Chloroform has a most 
marked depressant action upon the heart. The work performed falls in 
amount very rapidly, and may altogether cease. Ether has a preliminary 
stimulant action upon the heart, followed by a depressant effect. The 
depressant effect is never so marked as with chloroform, and with 
ordinary doses is only slight. Suprarenal extract has a most marked 
stimulant effect upon the isolated heart; it serves as a powerful anti- 
dote to the depressant action of chloroform. The experiments are still 
in progress, 


The Micro-Chemistry of Celis.— Report of the Committee, consisting of 
Professor EK, A. SCHAFER (Chairman), Professor A. B. MACALLUM 
(Secretary), Professor E. Ray LaNKESTER, Professor W. D. 
Hauuizurton, Mr. G. C, Bourne, and Professor J. J. MACKENZIE, 
(Drawn wp by the Secretary.) 


THE Committee heg leaye to report as follows :— 


1. The work of the previous year on the micro-chemical localisation 
of the oxidising ferments in the alge was completed, and the results are 
now ready for publication. 

2, A number of observations were made to determine if in the 
protophytan celi the calcium, potassium, sodium, and magnesium are in 
masked condition. For this purpose the larger-celled species of Spirogyra 
were employed, and the result was that the four elements mentioned were 
found in the ash from the cytoplasm, nucleus, and chromatophore of these 
organisms, as well as in the cell membrane ; but it is only in the latter 
that they can be demonstrated during the life of the cell. Immediately 
gn the occurrence of plasmolysis, or gn killing the cytaplasm and nucleus, 
the potassium and the calcium can be indicated in the plasmolysed 
spherules and in the dead cytoplasm and nucleus. It is thus shown that 
during life these elements are combined in some manner which masks 
their presence. In regard to magnesium and sodium no conclusion could be 
reached, on account of the fact that for these elements there are no tests 
qs distinct or as marked ag those which serve for the micro-chemig¢a] 
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detection of potassium and calcium. It was also found that the iron 
present does not become demonstrable readily in dead nuclei or plasmo- 
lysed cells until they are allowed to undergo a long-continued decom- 
position in distilled water. This would seem to indicate that the 
combination which occurs in the case of calcium and potassium with the 
living matter is very different from that obtaining between the iron and 
the nucleo-proteid, chromatin. Everything points to the iron being 
a definite part of the nubleo-proteid compound during life. _ It is possible, 
on the other hand, to explain the masked condition of calcium and 
potassium during life as due to their existence as free ions protected by 
the living substance from the ordinary chemical reactions. 

3. In relation to this investigation, but also as the result of an 
investigation on the composition of the Meduse, Awrelia and Cyanea, in 
relation to the sea water in which they occur, it was found that the 
‘jelly’ (or Mesogleea of Bourne) in these forms is fundamentally an 
infinitesimally fine network of an albuminoid, ‘discin,’ in the mesh spaces 
of which are contained all fluid and salts derived from the sea water. 
The albuminoid as it exists in this network is distinct from inorganic 
substances, and alcoholic specimens of the ‘jelly’ when acted on by 
distilled water for several days give only a trace of ash. The mesoglea 
is, therefore, in no sense a true jelly. It may be that the optical appear- 
ance of a network is really the expression of a foam-like structure, and 
that thus the ‘jelly’ is an emulsion ; but it is safer to compare it to the 
fibrin of clotted plasma. It is the disintegration of this network that is 
the cause of the liquefaction of the ‘jelly ’ in the dead Medusz. 

These observations suggest that in animal and vegetable cells a similar 
disposition of the salts present may occur and the proteids holding their 
solutions, mechanically as in the mesoglea, may be as inert as the 
‘discin’ of the Meduse. To express it differently, the cytoplasmic 
network in the living cell may be in many cases a result of the life of a 
cell, but not evidence of life in the cytoplasm. 

4, Professor Mackenzie has been engaged on the investigation of the 
occurrence of masked iron and phosphorus in neoplasms, and reports that 
it will take some months yet to finish his observations, 


The Committee ask to be reappointed, 


Botanical Photoqgraphs.—Report of the Committee, consisting of Pro- 
fessor L. C. M1aLL (Chairman), Professor F. E. Weiss (Secretary), 
Mr. Francis Darwin, and Professor G. F. Scort-EL.i0rT, appointed 
to consider and report upon a scheme for the registration of Negatives 
of Botanical Photographs. 

APPENDIX.—A77angements in Existence for the Preservation and Regis- 

tration of Photographs of Anthropological and Geological Interest - page 472 

TE Committee recommend the formation of a register of photographs 

of botanical interest on similar lines to those already in existence for the 

registration of geological and anthrapological photagraphs respectively (see 

Appendix). 

To carry out such a scheme the Committee should be reappointed, 
with a small grant. 
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The Committee are of opinion that the following range of subjects 
should be included in the scheme :— 


1. Portraits of any species of plant (more particularly foreign plants, 
grown under natural conditions), illustrating habit, natural surroundings, 
or points of morphological or physiological interest. 

2. Diseases and malformations of plants. 

3. Photographs of plants raised for purposes of experiment. 

4. Photographs illustrating plant associations. 


The Committee do not recommend at present the inclusion of photo- 
graphs of histological preparations, nor do they consider that it would 
be desirable to include photographs of zoological interest in the same 
register with those of botanical interest. 


APPENDIX 


Arrangements in existence for the Preservation and Registration of 
Photographs of Anthropological and Geological Interest. 


Both the Anthropological and the Geological Section of the British 
Association collect, preserve, and register prints of anthropological and 
geological interest respectively. 

These are preserved, in the case of the geological photographs, in the 
Jermyn Street Museum; in the case of the anthropological photographs, 
also at some central institution. 

The standard size for the geological photographs is whole plate, but 
other sizes are accepted. They are mounted on cards of uniform size and 
bound in albums. The anthropological photographs are mounted on cards 
of two sizes and filed, like card catalogue slips. 

The photographs are arranged geographically, but a cross index of 
topics is also prepared. The card catalogue of the collection gives all 
necessary information as to locality, date, name of photographer, &e. 

Negatives are either retained by the owner or deposited with a local 
photographer, who will supply prints at reasonable prices. The anthropo- 
logical section has also made arrangements for the storage and insurance 
of any negatives deposited with them on loan, 

No arrangements are made as to copyright. A detailed list of photo- 
graphs received is published every year with the annual reports of the 
Committees, which states where the photographs may be obtained, and a 
copy of this report is sent to each donor. 

Both Sections appoint Committees to carry out these schemes, and 
each Committee receives a small grant. 


Investigation on the Respiration of Plants.—Report of the Committee, 
consisting of Professor H. MarsHaLL Warp (Chairman), Mr. 
Harotp WAGER (Secretary), Mr. Francis Darwin, and Professor 
J. B. FARMER. 


THE 15/. allotted to the Committee was expended by Dr. Blackman 
on apparatus for investigating the relation between temperature and the 
assimilation of carbon dioxide. 
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The law which governs this relation has been worked out in his 
laboratory by Miss Matthaei, and the results are ready for publication. 

The sum granted could, however, not be actually obtained this year, 
as by oversight application was not made to the Treasurer for it until a 
few days too late. The Committee therefore ask to be reappointed and 
to have the grant made last year again placed at their disposal. 


Investigation of the Oyanophycece—Report of the Convmittee, consist- 
ing of Professor J. B. FarMER (Chawman), Dr. F. F. BLACKMAN 
(Secretary), Professor MarsHaLL Warp, and Mr. W. GARDINER. 


THE investigation of the structure of the Cyanophyce has been con- 
tinued by Mr. Harold Wager, and a paper dealing with the structure and 
constitution of the central body (nucleus) in species of Phormidium, 
Oscillaria, Tolypothrix, and Cylindrospermum will be brought before 
Section K at the Belfast meeting. 

A portion of the grant has been expended in apparatus, and the 
Committee recommend that they be reappointed, and ask for a further 
grant of 40/. in order that Mr. Wager may be enabled to purchase a high- 
power objective for the continuance of his investigations, especially into 
the minute structure of the central body. 


Teaching of Elementary Mathematics.—Report of the Committee, con- 
sisting of Professor ForsytH (Chairman), Professor PERRY (Secre- 
tary), Professor CurystaL, Mr. W. D. Eagar, Mr. H. W. Eve, 
Professor Gipson, Dr. GLADSTONE, Professor GREENHILL, Professor 
R. A. Grecory, Professor HENrIcI, Professor Hupson, Dr. Larmor, 
Professor A. LopGE, Sir O. Lope, Professor Love, Major Mac- 
Manon, Professor Mincutn, Sir A. W. Ricker, Mr. Ropert RUSSELL, 
and Professor S. P. THOMPSON, appointed to report upon improvements 
that might be effected in the teaching of Mathematics, in the first 
instance in the teaching of Elementary Mathematics, and upon such 
means as they think likely to effect such improvements. (Drawn 
up by the Chairman.) 


APPENDIX.—7no Suggested Schedules of Experimental Geometry. . page 478 


In submitting their present report, the Committee desire to point out 
that this is not the first occasion on which the British Association has 
attempted to deal with the teaching of elementary mathematics. About 
thirty years ago a similar body was appointed to consider a part of the 
subject, viz., ‘the possibility of improving the methods of instruction in 
elementary geometry’ ; and two reports were presented, one at the Brad- 
ford meeting in 1873 (see the Report, volume for that year, p. 459), the 
other at the Glasgow meeting in 1876 (see the Report, volume for that 
year, p. 8). 

The an reports advert to some of the difficulties that obstruct im- 
provements in the teaching of geometry. One of these is alleged to be 
‘ the necessity of one fixed and definite standard for examination purposes’ ; 
apparently it was assumed that this fixed and definite standard should 
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not merely be required from all candidates in any one examination, but 
also be applied to all examinations throughout the country. In order to 
secure the uniformity thus postulated, the Committee, thinking that no 
text-book had been produced fit to succeed Euclid in the position of 
authority, and deeming it improbable that such a book could be produced 
by the joint action of selected individuals, suggested the publication of an 
authorised syllabus. In their second report they discussed the merits of 
a particular syllabus—that of the Association for the Improvement of 
Geometrical Teaching ; but, in spite of such commendation as was then 
expressed, the syllabus has not been generally adopted. 

It is still true that (in the words of the former Committee) ‘in this 
country at present teaching is guided largely by the requirements of 
examinations.’ For some time to come the practice of the country is not 
unlikely to allow examinations to retain at least a partial domination 
over teaching in schools. Accordingly, if the teaching is to be improved, 
it seems to be a preliminary requisite that examinations should be modi- 
fied ; and, where it is possible, these modifications in the examinations 
should leave greater freedom to the teacher, and give him more assistance 
than at present. 

On the other hand, there is a tendency in this country whereby, in 
such matters as teaching and examination, the changes adopted are only 
gradually effected, and progress comes only by slow degrees. Accordingly, 
the general recommendations submitted in this report are such that they 
can be introduced easily and without any great alteration of the best 
present practice. It is the hope of the Committee that the recommen- 
dations, if adopted, will constitute merely the first stage in a gradual 
improvement both of teaching and of examinations. For the most part 
only broad lines of change are suggested : this has been done in order to 
leave as much freedom as possible to teachers for the development of their 
methods in the light of their experience. 


Is Uniformity imperative ? 


The Committee do not consider that a single method of teaching 
mathematics should be imposed uniformly upon all classes of students ; 
for the only variations then possible would be limited by the individuality 
of the teacher. In their opinion, different methods may be adopted for 
various classes of students, according to the needs of the students ; and 
corresponding types of examination should be used. 

It is generally, if not universally, conceded that a proper training in 
mathematics is an important part of a liberal education. The value of 
the training depends upon the comprehension of the aims of the mathe- 
matical subjects chosen, upon the grasp of the fundamental notions 
involved, and upon the attention paid to the logical sequence of the 
arguments. On the other hand, it is freely claimed that, in the training 
of students for technical aims such as the profession of engineering, a 
knowledge of results and a facility in using them are more important than 
familiarity with the mathematical processes by which the results are 
established with rigid precision. This divergence of needs belongs, how- 
ever, to a later stage in the training of students. In the earliest stages, 
when the elements of mathematics are being acquired, the processes 
adopted can be substantially the same for all students ; and many of the 
following recommendations are directed towards the improvement of those 
processes. 


ON TEACHING ELEMENTARY MATHEMATICS. 475 


Teaching of Practical Geometry. 


The former Committee recommended (and the present Committee 
desire to emphasise the recommendation) that the teaching of demonstra- 
tive geometry should be preceded by the teaching of practical and 
experimental geometry, together with a considerable amount of accurate 
drawing and measurement. This practice should be adopted, whether 
Euclid be retained or be replaced by some authorised text-book or sylla- 
bus, or if no authority for demonstrative geometry be retained. 

Simple instruments and experimental methods should be employed 
exclusively in the earliest stages, until the learner has become familiarised 
with some of the notions of geometry and some of the properties of 
geometrical figures, plane and solid. Easy deductive reasoning should 
be introduced as soon as possible; and thereafter the two processes 
should be employed side by side, because practical geometry can be made 
an illuminating and interesting supplement to the reasoned results 
obtained in demonstrative geometry. It is desirable that the range of the 
practical course and the experimental methods adopted should be left in 
large measure to the judgment of the teacher; and two schedules of 
suggestions, intended for different classes of students, have been submitted 
to the Committee by Mr. Eggar and Professor Perry respectively, and are 
added as an Appendix to this Report. 


Should there be a Single Authority in Geometry ? 


In the opinion of the Committee it is not necessary that one (and only 
one) text-book should be placed in the position of authority in demonstra- 
tive geometry ; nor is it necessary that there should be only a single 
syllabus in control of all examinations. Each large examining body might 
propound its own syllabus, in the construction of which regard would be 
paid to the average requirements of the examinees. 

Thus an examining body might retain Euclid to the extent of requiring 
his logical order. But when the retention of that order is enforced, it is 
undesirable that Euclid’s method of treatment should always be adopted ; 
thus the use of hypothetical constructions should be permitted. It is 
equally undesirable to insist upon Euclid’s order in the subject-matter ; 
thus a large part of the contents of Books III. and IV. could be studied 
before the student comes to the consideration of the greater part of 
Book IT. 

In every case the details of any syllabus should not be made too 
precise. It is preferable to leave as much freedom as possible, consistently 
with the range to be covered ; for in that way the individuality of the 
teacher can have its most useful scope. It is the competent teacher, 
not the examining body, who best can find out what sequence is most 
suited educationally to the particular class that has to be taught. 

A suggestion has been made that some Central Board might be insti- 
tuted to exercise control over the modifications made from time to time in 
every syllabus issued by an examining body. It is not inconceivable that 
such a Board might prove useful in helping to avoid the logical chaos 
occasionally characteristic of the subject known as Geometrical Conics. 
But there is reason to doubt whether the authority of any such Central 
Board would be generally recognised. 

Opinions differ as to whether arithmetical notions should be introduced 
into demonstrative geometry, and whether algebraic methods should be 
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used as substitutes for some of the cumbrous formal proofs of propositions 
such as those in the Second Book of Euclid : for opinions differ as tothe value 
of strictly demonstrative geometry, both for training and for knowledge. 
Those teachers who do not regard algebraic methods as proper substitutes 
for geometrical methods might ‘still use e them, as well as arithmetical notions, 
for the purpose of illustrating a proposition or explaining its wider signi- 
ficance. It is the general opinion of the Committee that some association 
of arithmetic and algebra with geometry is desirable in all cases where 
this may be found possible ; the extent to which it may be practised will 
depend largely upon the individual temperament of the teacher. 

Every method of teaching demonstrative geometry has to face the 
difficulties inevitably associated with any complete and rigorous theory of 
proportion. In the opinion of the Committee, not merely is Euclid’s 
doctrine of proportion unsuited for inclusion in elementary work, but it 
belongs to the class of what may be called university subjects. The Com- 
mittee consider that the notion of proportion to be adopted in a school 
course should be based upon a combination of algebraical processes with 
the methods of practical geometry. 


ELxaminations in Geometry. 


As regards examinations in geometry, the Committee consider that 
substantial changes in much of the present practice are desirable. In 
most, if not in all, of the branches of mathematics, and especially in 
geometry, the examination ought to be arranged so that no candidate 
should be allowed to pass unless he gives evidence of some power to deal 
with questions not included in the text-book adopted. Such questions 
might comprise riders of the customary type, arithmetical and algebraical 
illustrations and verifications, and practical examples in accurate drawing 
and measurement. The Committee consider the latter of particular 
importance when the range is of an elementary character ; some influence 
will be exercised upon the teaching, and some recognition will be given 
to the course of practical geometry that should be pursued in the earlier 
stages, 


Arithmetic and Algebra. 


The Committee are of opinion that, in the processes and explanations 
belonging to the early stages of these subjects, constant appeal should be 
made to concrete illustrations. 

In regard to arithmetic, the Committee desire to point out what has 
been pointed out so often before, that, if the decimal system of weights 
and measures were adopted in this country, a vast amount of what is 
now the subject-matter of teaching and of examination could be omitted 
as being then useless for any purpose. The economy in time, and the 
advantage in point of simplification, would be of the greatest importance. 
But such a change does not seem likely to be adopted at present ; and 
the Committee confine themselves to making certain suggestions affecting 
the present practice. They desire, however, to urge that teachers and 
examiners alike should deal with only those tables of weights and measures 
which are the simplest and of most frequent practical use. 

In formal arithmetic, the elaborate manipulation of vulgar fractions 
should be avoided, both in teaching and in examinations ; too many of 
the questions that appear in examination papers are tests rather of 
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inechanical facility than of clear thinking or of knowledge. The ideas of 
ratio and proportion should be developed concurrently with the use of 
vulgar fractions. Decimals should be introduced at an early stage, soon 
after the notion of fractions has been grasped. Methods of calculation, 
accurate only to specified significant figures, and, in particular, the prac- 
tice of contracted methods, should be encouraged. The use of tables of 
simple functions should be begun as soon as the student is capable of 
understanding the general nature of the functions tabulated ; for example, 
the use of logarithms in numerical calculation may be begun as soon as: 
the fundamental law of indices is known. 

In regard to the early stages of algebra, the modifications (both in 
teaching and in the examinations) which are deemed desirable by the 
Committee are of a general character. 

' At first, the formule should be built on a purely arithmetical founda- 
tion, and their significance would often be exhibited by showing how they 
include whole classes of arithmetical results. Throughout the early 
stages, formule and results should frequently be tested by arithmetical 
applications. The arithmetical basis of algebra could be illustrated for 
beginners by the frequent use of graphs ; and the practice of graphical 
processes in such cases can give a significance to algebraical formule 
that would not otherwise be obtained easily in early stages of the subject. 

In passing to new ideas, only the simplest instances should be used 
at first, frequent reference still being made to arithmetical illustrations. 
Advance should be made by means of essential development, avoiding the 
useless complications of merely formal difficulties which serve no other 
purpose than that of puzzling candidates in examinations. Many of the 
artificial combinations of difficulties could be omitted entirely ; the discus- 
sion of such as may be necessary should be postponed from the earlier 
stages. Teachers and examiners alike should avoid matters such as curious 
combinations of brackets; extravagantly complicated algebraic expres- 
sions, particularly fractions; resolutions of elaborate expressions into 
factors ; artificially difficult combinations of indices ; ingeniously manipu- 
lated equations : and the like. They have no intrinsic value or import- 
ance ; it is only the mutual rivalry between some writers of text-books 
and some examiners that is responsible for the consideration which has 
been conceded to such topics. 


General Remarks. 


If general simplification either on these or on similar lines be adopted, 
particularly if graphical methods are freely used, it will be found possible 
to introduce, quite naturally and much earlier than is now the case, some 
of the leading ideas in a few subjects that usually are regarded as more 
advanced. Thus the foundations of trigonometry can be laid in connec- 
tion with the practical geometry of the subject-matter of the Sixth Book 
of Euclid. The general idea of co-ordinate geometry can be made familiar 
by the use of graphs ; and many of the notions underlying the methods 
of the infinitesimal calculus can similarly be given to comparatively 
youthful students long before the formal study of the calculus is begun. 
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APPENDIX, 
Two Suggested Schedules of Experimental Geometry. 


(Scheme submitted by Mr. Eacar, chiefly Geometrical, on Euclidean Lines.) 


Accurate measurements of lines, angles, areas, and (if possible) volumes, 
should precede any formal definitions. The following suggestions are 
intended for the earliest stages. 

Instruments.—Hard pencil, compasses, dividers, straight-edge gra- 
duated in inches and tenths, and in centimetres and millimetres ; protractor 
(if rectangular, its connection with the division of the circle should be 
carefully pointed out) ; set-squares (45° and 60°) ; notebook of squared 
paper; tracing paper; scissors and loose paper for cutting out and 
folding. 

It is important that careful draughtmanship and the use of properly 
adjusted instruments should be insisted on. All constructions should be 
drawn in fine pencil lines. Inaccurate work, or work done with soft or 
blunt pencils, should receive very little credit. 

Processes.—Test of a straight line ; intersection of two lines ; notion 
(not definition) of a point ; measurement of a length ; estimation of the 
second place of decimals of inches or centimetres ; use of set-squares for 
drawing parallel lines ; construction and measurement of angles from 
0° to 360° by the use of a protractor ; limits of error in setting off angles ; 
test of a right angle; test for accuracy of set-squares: their use in 
drawing perpendiculars. 

The drawing of parallels and perpendiculars by the aid of compasses ; 
the bisection of angles and straight lines ; construction of triangles from 
given dimensions ; the fundamental properties of triangles verified and 
illustrated by drawing ; similar triangles ; the division of lines into equal 
parts and into parts in given proportion ; test of equality of angles by 
the superposition of the angles of similar (not equal) triangles by means 
of tracing paper. 

The construction of rectangles, parallelograms, and quadrilaterals, 
from adequate data ; notion of a tangent line ; construction of tangents 
to circles, using drawing-office methods ; notion of a locus ; construction 
of circles satisfying given conditions ; verification of the properties of 
circles. 

Measurement of area ; use of squared paper; area of an irregular 
figure found by counting the number of squares. 

Illustrations of propositions relating to the areas of squares, rect- 
angles, parallelograms, and triangles. Calculation of these areas from 
given dimensions (¢.g., base and altitude), and verification by squared 

aper. 
" The length of the circumference of a circle determined experimentally 
(e.g., by rolling a coin with an ink mark on its rim down an inclined 
sheet of paper, or by wrapping a strip of paper tightly round a cylinder, 
pricking the paper where it overlaps, unwrapping and measuring the 
distance between the two marks) ; the area of a circle determined by 
squared paper. . 

The area of a rectangular sheet of paper can be calculated from 
measurements in inches and in centimetres, and hence the number of 
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square centimetres in a square inch can be obtained by division. To how 
many places of decimals may the result be regarded as accurate ? 

Construction of paper models of solids to illustrate the notions of 
surface and volume. 

Measurement of volume should be illustrated by cubical bricks. 
Oubes of 1 inch and 1 centimetre can be obtained cheaply. Volumes of 
rectangular solids, prisms, cylinders, and cones should be measured where 
possible, and the results verified by displacement of water if access to a 
physics laboratory is to be had. Measurements of area and volume form 
a useful introduction to the notion of an algebraic formula. 

As a pupil advances in elementary algebra, geometrical illustrations 
may be employed with advantage, e.g., the verification with squared paper 
of the formule corresponding to the propositions of Euclid, Book IL, 
graphs, the solution of quadratic equations with ruler and compasses. 


(Scheme submitted by Prof. Perry: this Scheme is intended to accompany 
a Course of Arithmetic, Algebra, and Experimental Science.) 


Practice in decimals, using scales for measuring such distances as 
3°22 inches, or 12°5 centimetres. 

Contracted and approximate methods of multiplying and dividing 
numbers ; using rough checks in arithmetical work ; evaluating formule. 

Menswration.—Testing experimentally the rule for the length of the 
circumference of a circle, using strings or a tape measure round cylinders, 
or by rolling a disc or sphere, or in other ways ; inventing methods of 
measuring approximately the lengths of curves ; testing the rules for 
the areas of a triangle, rectangle, parallelogram, circle, ellipse, surface of 
cylinder, surface of cone, &c., using scales and squared paper ; proposi- 
tions in Euclid relating to areas tested by squared paper, also by arith- 
metical work on actual measurements ; the determination of the areas of 
an irregular plane figure (1) by using Simpson’s or other well-known rules 
for the case where a number of equidistant ordinates or widths are given ; 
(2) by the use of squared paper when equidistant ordinates are not given, 
finding such ordinates ; (3) weighing a piece of cardboard and comparing 
with the weight of a square piece ; (4) counting squares on squared paper 
to verify rules. Rules for volumes of prisms, cylinders, cones, spheres, 
and rings, verified by actual experiment ; for example, by filling vessels 
with water, or by weighing objects of these shapes made of material of 
known density, or by allowing such objects to cause water to overflow 
from a vessel. 

The determination of the volume of an irregular solid by each of the 
three methods for an irregular area, the process being first to obtain an 
irregular plane figure in which the varying ordinates or widths represent 
the varying cross-sections of the solid ; volumes of frustra of pyramids 
and cones ; computation of weights from volumes when densities are 
given. 

Stating a mensuration rule as analgebraic formula. In sucha formula 
any one of the quantities may be the unknown one, the others being 
known. Numerical exercises in mensuration. The experimental work in 
this subject ought to be taken up in connection with practice in weighing 
and measuring generally, finding specific gravities, illustrations of the 
principle of Archimedes, the displacement of Hoating bodies, and other ele- 
mentary scientific work. A good teacher-will not overdo this experimental 
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work : he will preserve a proper balance between experimental work, 
didactic teaching, and numerical exercise work. 

Use of squared paper.—The use of squared paper by merchants and 
others to show at a glance the rise and fall of prices, of temperature, of 
the tide, &c. The use of squared paper should be illustrated by the 
working of many kinds of exercises, but it should be pointed out that 
there is a general idea underlying them all. The following may be men- 
tioned :— 


Plotting of statistics of any kind whatsoever of general or special 
interest ; what such curves teach ; rates of increase. 

Interpolation, or the finding of probable intermediate values ; probable 
errors of observation ; forming complete price-lists by manufacturers ; 
finding an average value ; areas and volumes as explained above. 

The plotting of simple graphs; determination of maximum and 
minimum values ; the solution of equations. Very clear notions of what 
we mean by the roots of equations may be obtained by the use of squared 
paper. 

Determination of laws which exist between observed quantities, 
especially of linear laws. 

Corrections for errors of observation when the plotted quantities are 
the results of experiment. 


Geometry.—A knowledge of the properties of straight lines, parallel 
lines, right angles, and angles of 30°, 45°, and 60°, obtained by using and 
testing straight-edges and squares ; dividing lines into parts in given pro- 
portions, and other experimental illustrations of the Sixth Book of Euclid ; 
the definitions of the sine, cosine, and tangent of an angle, and the deter- 
mination of their values by graphical methods ; setting out of angles by 
means of a protractor, when they are given in degrees or radians, also (for 
acute angles) by construction when the value of the sine, cosine, or tangent 
is given ; use of tables of sines, cosines, and tangents ; the solution of a 
right-angled triangle by calculation and by drawing to scale ; the con- 
struction of any triangle from given data ; determination of the area of 
a triangle. The more important propositions of Euclid may be illustrated 
by actual drawing. If the proposition is about angles, these may be 
measured in degrees by means of a protractor, or by the use of a table of 
chords ; if it refers to the equality of lines, areas, or ratios, lengths may 
be measured by a decimal scale, and the necessary calculations made 
arithmetically. This combination of drawing and arithmetical calcula- 
tion may be freely used to illustrate the truth of a proposition. A good 
teacher will occasionally introduce demonstrative proof as well as mere 
measurement. 

Defining the position of a point in space by its distances from three 
co-ordinate planes. What is meant by the projection of a point, line, or 
a plane figure, on a plane? Simple models may be constructed by the 
student to illustrate the projections of points, lines, and planes. 

The distinction between a scalar quantity and a vector quantity 5. 
addition and subtraction of vectors ; experimental illustrations, such as 
the verification by the student himself of the triangle and polygon of 
forces, using strings, pulleys, and weights. 
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The Teaching of Science in Elementary Schools.—Report of the Com- 
mittee, consisting of Dr. J. H. GLADSTONE (Chairman), Professor 
H. BE. ArmsrronG (Secretary), Lord Avesury, Professor W. R. 
Dunstan, Mr. GrorGE GLapsTonge, Sir Partie Maenus, Sir 
H. E. Roscor, Professor A. SMITHELLS, and Professor 8. P. 
‘THOMPSON. 


Tire introduction of the Block grant, in place of the former Examination 
grants in Elementary Day Schools, deprives your Committee of the oppor- 
tunity of giving the usual statistical data as to the number of children 
receiving instruction in scientific subjects. The loss of this interesting 
information is, however, more than made up by the satisfaction of knowing 
that the teachers are now more free to adopt true educational principles 
than when they were trammelled by the necessity of preparing their 
scholars for an official examination, on the result of which the financial 
position of the school would be dependent. 

One of the returns of the Board of Education does, however, afford 
some indication of the measure of attention given to certain subjects as 
compared with others. According to this the number of departments in 
which subjects of a more or less scientific character are taken are as follows, 
though the number of scholars is no longer given (the numbers are for 
schools in England and Wales) :— 


Algebra . : < : - . : : . 1,266 
Euclid. - ; é : 5 : : : 105 
Mensuration . : 5 5 é 5 : 3 387 
Mechanics ; : : < : : ; ‘ 366 
Chemistry : 5 = i ; : ; : 185 
Physics . ; ¢ : ; i : : : 109 
Elementary Physics and Chemistry 5 P : 152 
Animal Physiology . : ; : 5 - 413 
Hygiene . : : - , - : : : 3 

Botany. é : - ; : : : 5 138 
Principles of Agriculture : : . : ; 20 
Domestic Economy or Domestic Science = 4. $1,076 


These correspond with what were formerly known as specific subjects 
of instruction. 

In the case of the Evening Schools your Committee are able to con- 
tinue the tabular statement for another year. Though the total given is 
somewhat larger than in the two years immediately preceding, it will be 
noticed that in Mathematics and Physics there is a general falling off, the 
only increases worth noting being in those subjects that may be more 
appropriately designated ‘applied science.’ 

Both the Day and the Evening Schools are now passing through a 
erisis in their history, and may be regarded as in a transition state. The 
Day Schools under School Boards are adversely affected by the regulation 
of the Board of Education, limiting the age of scholars to fifteen years. 
There were 3,697 scholars of fifteen years and upwards in the year ending 
August 31, 1901. The corresponding numbers were 4,146 in 1898, 3,817 
in 1899, and 3,828 in 1900. The Evening Schools under the same 
authority are not allowed to give instruction to adults except with the 
consent of the County Council or the County Borough Council, as the 
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case may be, and that consent, if given, is limited to the current school 
year. In the majority of cases that consent has been freely given, though 
in some instances schools have had to be closed in consequence of the 
consent being withheld. The uncertainty as to the future is a great cause 
of discouragement both to the managers of schools and to the scholars. 


Nambee ‘of Getolara 


Science Subjects - + - ae eee 
| 1896-97 | 1897-98 | 1 1898-99 '1899- 1900)}1900-1901 


— ie = ee 


Euclid 25 BA GS CAM ER caine | | 1,595 | 1, 216 | 1,601 1,384 
Alsears 2) 8) Fb ot ab7 996 bol Taam |) De Ae eae 
Mensuration . . «| 27,888 | 29,966 | 24,369 | 23,090 | 22,192 


3,552 2,943 


Elementary Physiography i 1 
3,135 2,902 | 3,116 3,497 3,316 


Elementary Physics and Chemistry | 


Domestic Science . a — 117 | 142 | 471 303 
Science of Common Things 10,910 | 13,874 | 11,499 | 11,418 | 11,892 
Dhemieury ts eo Pe | 8,658 | 6,590| 5,963| 6,704] 6,542 
Mechanics. ] .| 1,865 1,129 987 1,252 1,050 
Sound, Light, and Heat . : eM 726 813 437 305 313 
Magnetism and Electricity . .| 8,834 8,967 | 3,005 3,244 2,949 
Human Bh Bay: é C .| 5,865 | 6,237 4,296 | 4,619 4,312 
Hygiene. . oe a | BITS | 2,069") 89761’ “Seas s8.908 
Greenest eee eee ee OC 7 LENE Gp 763 | 597| 718 147 
Agriculture. : 5 : 2)|) -2)355 2,300 1,826 |, 1,847} 1,937 
Horticulture. . . «. «| 1,001 | 1,854] 1,350) 1,511 | 1,846 
Navigation. . . : : : 68 | 3 46 118 | 175. | 
Ambulance . fs ; ; : 9,086 , 13,030 , 12,980 | 14,83 18,764 
Domestic Economy .- . .. 19,565 23,271 | 19,915 | 18,968 | 19,343 
Totals . 4 5 dil 126, 740 106,665 108,228 , 110,104 


There have been no changes of importance in the code of regulations 
for Day Schools, but that for Evening Schools has been remodelled much 
more on the lines of the South Kensington branch of the Board of Educa- 
tion, and it is issued from that office, as these schools are now regarded 
by the Government as giving Secondary Education. 

The Higher Elementary Schools, for which special provision was made 
two years ago, have not to any large extent superseded the Higher Grade 
Schools which had been previously established in most of the large towns, 
The additional grants offered have scarcely proved to be an equivalent 
for the increased cost of conducting these schools, and this fact, coupled 
with the stringent regulations imposed, has discouraged the transfer of 
the Higher Grade Schools. 

The exhibitions which have been held this summer in London by the 
London School Board and the Nature-Study Exhibition Association 
indicate the progress of practical work in science, especially in the region 
of Physics and Biology. The School Board has sought to encourage the 
making of scientific apparatus by the science masters and their scholars out 
of ordinary and inexpensive materials, as more instructive than the mere 
manipulation of purchased articles ; and the exhibition of what has been 
thus produced in the schools during the last twelve months shows a very 
marked advance, both in quantity and quality, over that of the preceding 
year. The exhibits—651 in number—ranged over Botany, Chemistry, 
Heat, Light, Hygiene, Magnetism and Electricity, Mathematics, Mechanics, 
Natural ‘History, Physiography, Physiology, Sound, and Steam, The 
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Board has also entered into arrangements with the custodians of the Royal 
Parks for a weekly supply of cut flowers, leaves, &c., to furnish illustra- 
tions of the reading lessons as well as material for the scientific study of 
Botany. The Nature-Study Exhibition Association has been organised 
for the purpose of creating an interest in biological studies and of 
illustrating the most approved methods of arranging school museums and 
other appliances for teaching. The Exhibition consisted of a large 
collection of objects gathered by children in their own neighbourhoods, 
and of drawings which they had made from the plants and animals them- 
selves, and of manuscript notes as to their development. These illustra- 
tions were generally given in their proper colours, and often with the aid 
of the microscope. The Exhibition was made still more valuable by a 
series of conferences conducted by ladies and gentlemen who have given 
special attention to Nature study, 


On the Conditions of Health essential to the Carrying on of the Work 
of Instruction in Schools.—Report of the Commuittee, consisting of 
Professor C. S. SHERRINGTON (Chairman), Mr, E. Waite WaLtis 
(Secretary), Mr, E. W. Braproox, Dr, C, W, Kimmins, Protessor 
L. C. MIALL, and Professor H. L. WitHERS. 


Tue Committee had co-operating with them in their investigations 
and deliberations the valuable assistance of Dr. C. Childs, Dr. Clement 
Dukes, Miss Findlay, Miss Ravenhill, Dr. Rivers, Mr. J, Russell, and 
Dr. Sydney Stephenson. 

In all methods adopted for carrying on the work of instruction in 
schools health conditions must be recognised as an essential principle, 
seeing that in most cases the greater part of a child’s day is spent within 
the influence of the school, and no teaching can be considered suc- 
cessful unless so arranged that the health of the scholars may be properly 
maintained. 

The health conditions relating to school life which appeared to the 
Committee to be appropriate for consideration include :— 


Bodily nourishment. 
Clothing. 
Housing of children in schools. 
The working of the bodily functions and organs of sense, 
. Physical exercise. 
. The apportionment of time to work and rest, including length of 
lessons and holidays. 
7. Healthy tone of mind and morals. 
8. Preventive and precautionary measures against infectious diseases. 


OO 2 LO 


It was not considered practicable to deal with all of these subjects in 
the first report, and it was therefore decided to direct attention to the 
following points :— 


A collection and tabulation of records of original observations on the 
periods of day appropriate for different studies, the length of lessons, and 
periods of study suitable for children of different ages. 


I12 
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A collection and tabulation of anthropometrical and physiological 
observation forms in use in various schools with a view to preparing a 
typical form for general use. 

A collection and tabulation of anthropometrical and physiological 
observations recorded in different schools for a series of years on the same 
children. 

A collection and tabulation of recorded investigations into the causes 
of defective eyesight in school children and a definition of the conditions 
necessary for preserving the sight. 

An inquiry into the practical knowledge of hygiene possessed by 
school teachers. 


For this purpose several sub-committees were appointed, and the 
following information has been collected :— 


ANTHROPOMETRICAL AND PHYSIOLOGICAL OBSERVATIONS. 


The sub-committee appointed to collect and tabulate anthropometrical 
and physiological forms in use in various schools with a view to preparing 
a typical form for general use, and to collect and tabulate anthropometrical 
and physiological observations recorded in different schools for a series of 
years on the same children, report as follows :— 


An application to the schools from which information was furnished 
to the Anthropometric Committee in 1878-1883 has given the following 
results :— 


At Eton College Dr. Warre informs the Committee there has not 
been any systematic collection of information since 1883, and that no 
forms are in use for the purpose. 

At Westminster School Dr. Gow informs the Committee that no 
anthropometrical observations are taken, but he expresses the opinion 
that they ought to be made, and the Committee hope that the presentation 
of this report may lead to their being undertaken. 

At Radley College measurements are taken in the following form :— 


Radley College Gymnasium. 


\ 
ist Measurements and Date when taken... 2nd Measurements and Date when taken 
Sialiet sithel ade 1) teri deny, See 
; j | 
Girth of Girth of 
: 7a hest Fore- Upper «nt | Wat | Chest Fore- | Upper 
Age | Height | Weight) | inflated | arm | Arm || 48 | Height) Weight) | ingatea | arm re 
b. normal 1 | , 6. normal 
‘ |. | | > | , : 
|years| ft. in. | st. 1b. inches |inchesinches|years| ft. in. st.tb. | inches |inchesinches 
| 
| 
a. a 
b b 
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At Felsted School, Essex, the form adopted is as follows : — 


7 


| Chest 


Ne Height Weight (standing natu- | 
Ramber'| Whanced 5 (in stockings) (in trousers only) | rally, army 
alphabetical order) ; ene | 
' | oe ae —— i? a. 61 a 


| | feet inches stones | lb. inches 


Dr. Edwyn B. Trow has kindly furnished the Committee with the 
record from January to April 1902, when 211 boys were observed. They 
give an average of 5 feet 3} inches in height, 7 st. 9 lb. in weight, and 
31} inches chest girth, ranging from minima of 4 feet 4} inches, 4 st. 2 lb., 
245 inches to maxima of 6 feet 4 inches, 12 st. 2 lb., 40 inches re- 
spectively ; but as the ages are not specitied these figures cannot be used 
for comparison. This will appear from the cases in which the minima 
and maxima occur as follows :— 


ft. in. st, lb. in. 
A 4 42 411 253 
3 4 42 (seal; 265 
Cc 4 4} 4 2 254 
D 45 4 7 243 
E 5 5 63 10 10 40 
KF 6 4 12 2 36 


which leads to the inference that the differences are due to age. YF has 
the maximum both in height and weight. 

In Bootham School, York, anthropometrical measurements have been 
taken regularly six times every year (7.e., at beginning and end of every 
term) since January 1896, and Mr. A. L. Dawes has kindly furnished the 
Committee with a copy of the form used as follows :— 


Anthropometrical Measurements. 


Name 


Beginning of 


— End of Term fan 


A Year ago 


Age (years, months) : - 
Height (feet, inches) 

Weight (pounds) ‘ 
Chest expanded (inches) . 
Chest contracted (inches) 
Forearm (inches) . F 
Upper Arm (inches) . 


Signed 


At the Hampstead School of the King Alfred School Society (founded 
1897, incorporated 1898) the following is the form adopted :— 
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Medical Report. 
ae Ai i le | Dai. an 
Age: tree | Sasa | — 
Weight ; bi [iii ey 
Height r coe 


Head Measurements : | 


Chest Girth : 


Chest Expansion : 


Mouth: | | | 


a aie | | 
Sight : | | | 


Hearing : 


Nose > | 


Nutrition : | 


Nervous Signs : | | 


Remarks : 


The most important and systematic collection of anthropometric 
statistics in a school of which the Committee are aware is that made in 
Marlborough College. The master has kindly furnished the Committee 
with copies of the annual reports of the Marlborough College Natural 
History Society from the year 1884 (except that of 1890, which is out of 
print), which contains each year a return of the number, name, form, 
age, height, weight, chest girth, circumference of head, leg, and arm, and 
of the increase in each since the last measurement. In later years the 
chest has been measured both expanded and contracted. Mr. Mayrick, 
by whom this great work has been superintended for many years, 
observed that the full expansion of the chest is easy to get, but the full 
contraction is not so easy ; if, however, the chest be emptied by an audible 
continued expiration, it is easy to tell by the sound when the limit is 
reached. A column is given showing the difference between the expanded 
and contracted chest. This is a measure of the capacity of the effective 
respiration, and the greater the difference the higher is the efficiency of the 
breathing apparatus, and probably the vital energy is greater in propor- 
tion. This index by no means necessarily rises with the age, and is, in fact, 
sometimes unexpectedly high in young boys. The age is recorded in years 
and months, not in decimals of a year ; the height is given in inches and 
decimals of an inch ; the weight in pounds to within half a pound only ; 
the chest measurement in inches and decimals. The Report of the 
Anthropometric Committee presented to the British Association in 1880 
contains a series of tables founded on the observations taken in Marl- 
borough College from 1874-1878 on height, weight, chest girth, head 
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girth, arm girth, and leg girth. It would be desirable to continue that 
tabulation to the present time, but that would be a work of very great 
labour and not inconsiderable expense. 

In the North London Collegiate School for Girls a lady medical 
inspector has been appointed since 1887, especially with a view to deter- 
mining the kind of physical exercises that are suitable in different cases, 
and that official has established a system of anthropometric observations 
which is more than usually complete. Mrs. Sophia Bryant, D.8c., the 
head mistress, has kindly furnished the Committee with a copy of the 
form in use, which is as follows:— — 


eee ett ert Lee ee Pee ne Pear ee Sine tet. 
——— 
| Age (years) ; | 
| Height (inches) : 
| Weight (lb.). . | 
ss eee ee Th Fa a: 
n 
Antero-posterior diameter & 
Head Transverse diameter. I 
* | Circumference . ‘5 | | 
Vault ag 
<< | 
— ——— _ — | = a ———— 
ae Right . 4 : c | 
: a es aE ant. / 
Eyes - - f Right . - . 
Astigmatism Left. ; ; 
Colours . : : j a1 | 
| 2 ee ae me eae. ae E 
Circumference (inches) | 
Condition of lungs 
| Chest - | Condition of heart pithy 
Vital capacity (cubic inches) . 
Circumference of @ | | 
Stays waist = | | | 
) Vest waist .2 | | 
ty woe aes ea 
Muscula: | Power of grasp { ere ee) 
| l v rail 
eee Power of back muscles = 
} 
MEDICAL INSPECTOR’S NOTES. | SucrErary’s Norks. | 


1 


_ The forty-fourth report of the Inspector of Reformatory and Indus- 
trial Schools in Great Britain, Mr. J. E. Legge (‘Parliamentary 
Paper,’ ed. 840, p. 54), contains a physical census of boys and girls 
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in those schools taken in July 1901. The superintendents in industrial 
schools were asked to furnish the height, weight, and chest measurement 
of all boys, and weight of all girls, between the ages of eleven and twelve 
and fourteen and fifteen. These ages were selected because they were 
convenient for comparison with the statistics published by the Anthropo- 
metric Committee in 1883. The height was taken without boots, the 
weight in clothes but without boots, and the chest girth with the chest 
empty. The results with some important comments upon them will be 
found in the Blue-book referred to, and the Committee are glad to know 
that Mr. Legge contemplates calling for a similar return in 1903, when 
the boys and girls who were between the ages of eleven and twelve will 
have reached that which was the higher age in the previous census, and 
then a double comparison may be effected. The Committee have been 
favoured by Mr. Legge with an expression of his strong opinion that 
inquiries of this sort are far more likely to get results if the particulars 
asked for are few and the apparatus to be used perfectly simple and as 
little like a Jaboratory instrument as possible. In asking merely for 
height, weight, and chest measurement he obtained those particulars 
from practically everybody he applied to, so that minor inaccuracies were 
checked by the great mass of figures (3,679 boys, 1,246 girls) he had to 
deal with. Had he asked for arm-stretch, force of resistance, and 
nervous tests, he might not have obtained one-tenth as many returns, and 
those with greater difficulty. The following is the form he used :— 


Reformatory School. 
Boys betneen 14 and 15. 


Height (without boots’, weight (in clothes, but without boots), chest measurement 
(over shirt, but witn chest empty). 


Name or Number 


Town or 
Country from 


Height 
(without boots) 


Weight (in 
clothes, but 
without boots) 


Chest (over 
shirt, but with 


which sent chest empty) 


| ft. in, lb. OZ. in, 


Thus far with regard to the collection of anthropometric observations 
in schools. With regard to the practical application of them and the 
deductions to be made from them, the Committee desire to draw atten- 
tion to an excellent paper on the physical examination and development of 
public schoolboys read before the medical officers of Schools Association 
on April 4, 1899, by Mr. Cecil Hawkins, of Haileybury College. Taking 
the records of over 40,000 observations and adopting a modification of 
Mr. Francis Galton’s plan of percentiles, the author has constructed 
diagrams showing from each year of age, from eleven to eighteen, a series 
of twenty curves of growth, increase of weight, and increase of chest 
girth. The application of these diagrams is simple and effective where 
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periodical observations of the same individual are kept. Thus an example 
is given of a boy who for three successive half-yearly periods was in the 
curve numbered nineteen, next to the lowest in respect alike of height, 
weight, and girth. In the fourth half-yearly period he was up to 
the eighteenth curve in height ; in the fifth he reached the seventh in 
weight and the eighteenth in girth. In the seventh he gained a place on 
the seventeenth curve for height and the sixteenth for weight. In the 
eighth he fell back a little, receding to the eighteenth curve in weight 
and the nineteenth in girth ; but in the ninth he recovered, rising one step 
ineach. This example and others, given in the same paper, show that 
by means of these curves an exact demonstration of the physical history 
of each individual may be made. They lead to the consideration of 
another point which is within the reference to this Committee—that is, 
the necessity for physiological observations. Where the statistics are 
treated in this method, showing a fall and recovery in the relative condi- 
tions of growth, it is evident that the cause of such fall and the conditions 
of such recovery ought to be sought for. The Committee are therefore of 
opinion that the plan adopted by Mrs. Bryant of leaving a space for the 
medical inspectors’ notes is desirable, and that in that space should be 
entered any event in the history of the person under observation aflecting 
his general health, 

Subject to this observation the Committee attach weight to the 
recommendation of Mr. Legge, and, while desiring that, wherever, practi- 
cable, a more extended series of observations should be set on foot, such 
as that at Marlborough College and the North London College for Girls, 
cannot resist the conclusions that for schools generally a simple record of 
height, weight, and chest girth is all that can be expected. For the pur- 
pose of keeping the record of each individual and dealing with it upon 
the ingenious method devised by Mr. Hawkins, the card system would be 
found very convenient. 

The following form of card is suggested :—! 


School, F Date, m9 
Initial or Register No. of scholar, i Sex; . Age, years months. 


Weght and Measurements. 


Weight in indoor school costume, without shoes . i lb, Oz. 
Height, without shoes . : : 2 : : . in. quarters. 
Chest girth at nipple line when fully expanded, the 

pupil standing upright, with chin elevated and eyes 

directed horizontally forward . ‘ ; : 5 in. 


Observations. 


{ Teeth 
Mouth, Tongue 
Palate ' 
Eyes Snelling’s letter test (in full daylight) : 
{ Breathing . 
| Adenoids 
Face 
Hands 
Body 
Posture 
Medical inspectors’ notes. . 
i ! 


Nose 


Nerve signs 


} 
' Suggestions made by a Committee 
of the Oxford Meeting, 1894, p. 439, 


previously appointed are given in the Report 


490 REPORT — 1902. 


KNOWLEDGE OF HYGIENE POSSESSED BY ScHoot TEACHERS. 


In order to obtain the information desired it was decided to send a 
circular letter to some of the chief School Boards, training colleges, and 
public schools in the United Kingdom ; also to certain private schools 
and high schools, and other societies and institutions engaged in educa- 
tion. The circular letter contained questions framed for the purpose of 
obtaining information with regard to the practical knowledge of hygiene 
possessed by school teachers. 

This letter was sent to fifteen public schools, four high schools, four 
private schools, two Church schools, eight School Boards in the United 
Kingdom, also to the Board of National Education of Ireland (Dublin), 
thirteen training colleges, two polytechnics, five societies connected with 
teaching, and to certain educationists. 

Replies were received from eight public schools, eight School Boards, 
four training colleges, and two other institutions. 


In answer to the questions contained in the circular letter it was 
elicited :— 


(i. Are any certificates in hygiene for teachers recognised in your 
schools ?) 

That certificates in hygiene were recognised (a) in only one private 
school’; (4) in all the eight Board schools ; (c) and in only three training 
colleges from whom answers were received ; but none were recognised 
in the eight public schools nor in the high schools that replied. 

(2. What certificates in hygiene have you found most suitable to the 
requirements of teachers ?) 

That the following certificates connected with the health subjects were 
those held by the teachers or recognised as a qualification :— 


The Certificate of the Science and Art Department in Hygiene (Board 
of Education) ; Certificate of the British College of Physical Training ; 
the College of Preceptors’ Associate and Licentiate Diplomas; the 
Certificate in Hygiene of the National Board of Education in Ireland ; 
the Certificate of the Sanitary Institute in Practical Hygiene for School 
Teachers. The examination for this last-named certificate appears to be 
the only one in which the teacher’s practical knowledge is tested by an 
oral examination. 


In those schools in which no certificate in hygiene for teachers are 
recognised the teachers have received no systematic instruction in the sub- 
ject at all. 

(3. If the teachers with whom you are connected have not been pre- 
pared for any special certificate in hygiene, have they received any 
instruction in it or dealt with the subject at all, and, if so, in what 
manner /) 

In those schools in which no certificates in hygiene for teachers are 
recognised the teachers have received no systematic instruction in the 
subject at all. 

(4. To what extent are teachers required to exercise their knowledge 
of the subject *) 


a. The teachers in eight of the schools are expected to exercise their 
knowledge to a slight extent in the management of the school building. 
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In all the others the management is left to the head master or head 
mistress or to medical officers and nothing is required of the teachers. 

b. The arrangements of the curriculum are for the most part left to 
the head master or head mistress with occasional discussions with the 
staff. 

c. The physical training and drill are apparently conducted by the 
teachers in the Board schools and partly by specialists in other schools. 

d. In three of the largest School Boards teachers are expected to make 
systematic observations of the pupils’ health, eyesight, defects, &c., under 
the guidance of specialists. 


In other reports the methodical observations seem to be simply con- 
fined to inspection by the teachers for cleanliness and signs of infectious 
diseases or entrusted to a limited extent to the medical officer, or to be 
altogether ignored. 


(5. What opportunities and encouragements are afforded to the teachers 
for the study of mental and moral as well as of physical hygiene ? 
y Ey ys 


In some few schools periodical meetings are held at which mental and 
moral school hygiene are dealt with in addresses and discussions, but there 
is no other evidence of the matter being treated as important, 


In addition to the replies to the circular, reports on the subject 
have also been received from the Dublin Board of National Education 
and the London School Board, with notes by Dr. Kerr. These reports 
contain valuable information but are too long to quote in full, and are 
therefore summarised in the following notes. 

The Report of the Commissioners of National Education, Dublin, 
shows :— 


That about three hundred and fifty teachers hold special certificates 
in hygiene granted to them by the Commissioners : Hygiene and Domestic 
Economy for the female teachers, Elementary Science, School Discipline, 
Physical Drill (into which questions of hygiene largely enter) for the male 
teachers. 

Teachers are required to attend to the ventilation of schoolrooms at least 
three times a day, to take charge of the offices, &c., and see that these are 
kept in proper order. The arrangement of the curricula does not depend 
upon the teachers, und the methodical observation of the children is limited 
to personal cleanliness. The dozen good books on hygienic subjects sanc- 
tioned by the Commission for use in National Schools includes the 
‘Temperance Lesson Book’ (Richardson). The programme of instruction 
issued to managers and teachers calls special attention to the need of the 
lessons in cookery and laundry work being made the occasion for impart- 
ing sufficient information on hygienic matters, The object lessons and 
elementary science are well planned, working from the child’s point of 
view, but the list of the optional subjects does not include hygiene. 


The Report of the School Board for London shows— 


That the only qualification in hygiene generally recognised by the 
School Board for London is the advanced certificate of the South Ken- 
sington Branch of the Board of Education, already referred to in Miss 
Ravenhill’s report. Papers taken at random of one hundred teachers 
applying for promotion showed that seventy had taken this certificate. 
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Teachers are also required to obtain the Board’s physical education certi- 
ficate, but are exempt from the theoretical part if they have already taken 
the advanced hygiene. The British College of Physical Education grants 
a certificate for male and female school teachers; a certificate on the 
Swedish system is also granted by that College for women teachers. Both 
of these are regarded as fulfilling the Board’s requirement. 

The Board also recognises in special cases the. certificate of the 
Sanitary Institute as an alternative to the advanced hygiene certificate 
of the Board of Education. 

The head teacher of each department of a school is responsible for 
seeing that the regulations as to school hygiene are carried out with 
regard to cleanliness, ventilation, keeping temperature of class-rooms at 
sixty degrees, supervision of offices, ke. 

The Board have recently ar ranged for cight oculists to make an in- 
spection of the children’s eyesight, “and teachers are instructed to place 
blackboards in a good light and to write large upon them ; also to study 
the children’s eyesight when at needlework. 


Remarks by Dr. Kerr. 


(a) Female teachers generally are utterly indifferent to the question 
of ventilation. Many of the older teachers are opposed to any opening of 
windows. 

(b) Most teachers resist the sufticient breaking up of lessons, and do 
not interpose short drills, desk exercises, and rests as they should, 
especially with younger children, in such continuous exercise of special 
nerve-centres as is involved in writing lessons. They are much prone 
to adopt new methods without understanding principles, and the results 
are frequently caricatures of what is really wanted. 

Infant teachers seem to use most common sense in relation to their 
work, probably through the influence of Froebel Child Study and other 
such Societies. 

(c) In many parts of the country there is little or no physical drill or 
training in Pupil Teacher centres. All such centres ought to have this 
subject insisted on : the drill they want is more elaborate than ordinary 
school work, and marks awarded for drill, general carriage, and deportment. 
The bearing, carriage, and general behaviour of pupil teachers has a 
decided influence (subconsciously) on their children. A report to the 
Bradford School Board last November deals with the :mferior physical 
condition of pupil teachers at central classes. 

(d) Most teachers only look on these matters as they are likely to 
affect their school results. They will look after mouth breathers when 
they realise the effectual result of surgical treatment educationally. They 
do not take the trouble, and cannot be trusted to conscientiously carry 
out eyesight testing (probably it is so exceedingly uninteresting and 
mcnotonous, the immediate results are not apparent, and the reasons for 
its importance they fail to realise). 

(e) A few teachers enter into every educaticnal question with avidity, 
and in most cases they find in towns plenty of means of following up 
subjects in which they are interested. Hygiene as a part of every 
teacher’s equipment should be insisted on, and have equal marks with 
art. It would greatly add to the teachers’ interest in their work, 
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Notes by Miss RAVENHILL. 


Most certificated teachers have ‘got up’ the subject from some text- 
book in order to take the Science and Art Department ‘ Elementary 
Hygiene’ certificate. This is usually found practicable after fifteen or 
twenty hours’ memorising of statements. A considerable number of 
teachers attend a courso of instruction which, almost without exception, 
consists of theoretical lectures, sometimes illustrated with a few experi- 
ments, occasionally by models, but more often only by diagrams. 

There is little or no evidence of any practical application of the informa- 
tion acquired, and no linking it with the formation of habits, either — 


(1) in the regulation of individual life and personal health ; 

(2) in the schools or class-rooms where daily work is carried on : 

(3) in the lessons given to the children, should such be included in 
the time-tables, 


For this I account by the following reasons :— 


(a) The force of habit, which leads to unquestioned acceptance of 
what is (7.e., of a low standard of health, of bad conditions for work, c.). 

(6) The absence of training in the application of school or college 
studies to the problems of life. Hitherto most subjects have been 
memorised for teaching purposes, rather than studied to form character 
and to influence action. 

(c) The want of encouragement from inspectors or school authorities, 
themselves frequently deficient in appreciation of the great importance of 
hygiene in school life. Suggestions on sanitary reforms or requests for 
amendment of faulty conditions by well-informed teachers are not 
unusually met with indifference, occasionally even by unpleasant rebuffs 
and hints that a repetition of such interference will mean a ‘black mark’ 
against its author’s name. 

(d) The deadening effect of work carried on under pressure, often 
under unwhoiesome conditions of air, which reduces energy to a minimum. 

(e) The English point of view that ‘someone else’ is responsible ; and 
that the efforts of one solitary individual must be futile—therefore to make 
them is useless. 


My experience shows these teachers to be quickly aroused to a 
profound self-sacrificing interest in, and appreciation of the importance of 
hygiene. Their enthusiasm makes them active in the desire to apply such 
knowledge as soon as they grasp the fact that opportunities for doing so 
exist. They are delighted also with the educational possibilities the 
subject affords, but they find themselves checked and their hands tied. by 
the attitude of their authorities. Speaking generally, little encouragement 
is given to pursue the study with thoroughness ; no special incentive is as 
yet offered for its practical acquirement ; while the prevalent ignorance 
of what constitutes school hygiene among authorities, the fact that /. s. d. 
must be their first consideration in the supposed interests of the rate- 
payers, and the custom of entrusting the care and regulation of school 
buildings chiefly to untrained caretakers, limits very seriously a teacher's 
opportynities for direct application of hygienic knowledge. 
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Official References to the Possession of an Acquaintance with Hygiene 
on the part of Elementary Teachers. 


(1) Article 101, Day School Code, 1901, requires managers and 
teachers ‘ to satisfy the inspector that all reasonable care is taken in the 
ordinary management of the school to bring up the children in habits of 
punctuality, of good manners and language, of cleanliness and neatness, 
and also to impress upon the children the importance of cheerful 
obedience to duty, of consideration and respect for others, and of honour 
and truthfulness in word and act,’ —but no special reference is made to 
the formation of healthy habits as such. 

(2) Among ‘ Notes on Articles of the Code of 1901,’ in the ‘ Revised 
Instructions applicable to the Code of 1901,’ the following appears under 
Article 15, III. :-— 


‘Household management, including cookery, laundry work, and 
practical housewifery, is recognised in the Code as a subject of instruction, 
and a grant is made for it. As it is a wide subject requiring a thorough 
knowledge, not only of the practical work of a house and its management, 
but of elementary hygiene and physiology, it is necessary that the 
teacher should be well grounded in these subjects.’—There is no suggestion 
how she is to acquire this knowledge. 


3. In ‘Specimen Scheme 6 for a Girls’ School’ (Revised Instruction, 
1901), lessons on air, ventilation and respiration, water, washing and 
cleaning, food, drinks, and the management of health are included, and 
presuppose capacity on the part of the teacher to give such instruction. 

4. King’s Scholarship Examination Syllabus.—Until December 1901 
this included domestic economy for girls ; the regulations and syllabus for 
1902 omit any reference to, or inclusion of, domestic economy, physiology, 
or hygiene in the girls’ studies. 

5, Regulations and Syllabus for Acting Teachers’ Certificate Examina- 
tion for 1903.—Subject 7, theory of teaching, B. (2), contains the following 
dealt with theoretically :—‘School hygiene, ventilation, heating and 
temperature, overcrowding, posture, play and games, cleanliness and 
appearance, signs of fatigue in children, influence of health on efficiency 
of work, unhealthy children, common signs of depressed health, pallor, 
wasting, ophthalmia, stunted growth, neglected children, underfeeding, 
children requiring special attention, crippled children, mental deficiency, 
real and apparent. Apparent deficiency due to malnutrition, irregular 
attendance, errors of vision and deafness. Onset of acute diseases 
requiring immediate removal—rashes, sickness, swellings, feverishness, 
irritability, fits.’ 

Subject 11 (for women acting teachers). General elementary science 
offers candidates a choice of three subjects :— 


A. Physiography :— 
I. Elementary. 
II, Advanced. 
B. Elementary biology :— 


(a) General. 
(6) Plant life. 
(c) Animal life. 
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C. Domestic science and general hygiene, of which the syllabus is as 
follows :-— 


Domestic Science and General Hygiene.—Work and rest, exercise, 
habits, recreation, food, its composition, purity and preparation, its 
transformation and destination within the body, dietary, water-supply 
and cleanliness, fresh air and heating, clothing, materials and their 
selection.’ 

Candidates are not expected to master the whole of these subjects, 
and may choose those which their opportunities of study and observation 
or their special tastes render suitable, but they are all required to take 
elementary physiography (A). Consequently the number who will study C 
is quite uncertain, and in any case the subject is treated ina very restricted 
manner. 

I hope to procure later on some information as to what is finally 
required of certificated teachers. 

It should also be noted that the Education Act of 1898, Clause 3, 
relating to the inspection of secondary schools, states that the inspection 
should be for the purpose of ascertaining ‘the provisions made for the 
teaching and health of the scholars. 


Notes from Schools in the United States. 
Department of Education, City of New York. 


Answering your questions in the order in which you state them, I beg 
to say, in answer to question No. 1, that physiology and hygiene are 
taught systematically in high schools ; physical culture and care of heating 
and ventilating apparatus are taught theoretically and practically. 

In answer to question No. 2 I beg to say that teachers are held 
responsible for the heating and ventilating conditions in their class- 
rooms. 

In answer to question No. 3, Yes. 

Tn answer to question No. 4 I beg to say that physicians, under the 
direction of the Department of Health, visit the schools daily for the 
purpose of making examination of the pupils. The Sanitary conditions of 
the buildings are looked after by inspectors appointed by this department 
and also by local superintendents. 

(Signed) Winuram H. Maxwent, 
City Superintendent of Schools. 


Cleveland Public Schools, 


Ist. We give quite detailed attention to the teaching of the subject of 
hygiene through our teachers in our City Normal School, which is both 
theoretical and practical, though largely the former. 

2nd. Our teachers are held responsible for the care of their rooms in 
respect to all immediate hygienic conditions, including temperature, 
ventilation, and other matters which come under their notice. 

3rd. They are not only permitted to make statements in regard to 
sanitary defects or arrangements of time-tables, but they are required to 
do so whenever they have special views upon these matters. 

4th. We have had recently appointed a supervisor of physical educa- 
tion and sanitary conditions of the schools. It is his province, in addition 
to his work in supervision of gymnastics, to make suggestions on all points 
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included in the sanitation of school buildings. We think we have made 
great progress in five years in these matters. 
(Signed) L. H. Jonzs, 
Superintendent of Instruction. 


‘School Hygiene’ in German Training Colleges. 
Note by Mr. M. E. Sapuer. 


Reference to instruction in hygiene is made in the regulations for 
Prussian training colleges, both for elementary and secondary school 
teachers. In the case of the former it is required that ‘in the instruction 
given to the student as to the administration of his oftice he shall be made 
acquainted with the demands of school hygiene.’ The secondary school 
teachers in training are Jiable to be called upon ‘ to write short essays on 
matters connected with the principles of school hygiene.’ In neither case 
is there any prescribed syllabus, and the extent to which such study is 
pursued will vary with local circumstances. The many excellent text- 
books (¢.g., Eubenberg and Bach, Baginsky-Janke) written in part, if not 
wholly, by teachers prove the great interest taken in such matters by 
members of the teaching profession. Nevertheless there exists in some 
quarters a desire for the introduction into the training-college course of a 
much more definite scheme of study. 


CoNCLUSION. 


The information so far coliected indicates that school authorities very 
imperfectly realise how important for school life is that applied knowledge 
of the several sciences which constitutes modern hygiene. 

School authorities are content to allow teachers to remain ignorant 
in respect to this knowledge ; or they are content to accept from them 
as evidence of sufficient knowledge certificates which guarantee a merely 
superficial and second-hand acquaintance with the subject, not asking for 
any assurance of practical insight into or experience of the facts and 
problems of hygiene in its application to school life. Encouragement 
should be given to those teachers and school-workers who, learning by 
the heuristic method by observation, experiment, comparison, and contrast 
in personal and in school life, are bringing about healthier mental and 
moral conditions in school children as well as better physical conditions. 

The careful consideration and scientific and practical application of 
health conditions in all arrangements connected with education and school 
life in elementary and secondary and especially also in public schools is 
of such vital importance to the effective well-being and progress of the 
nation that the Committee urge the British Association to memorialise 
the Education Department— 


1. To adopt or recognise some more thorough and practical test of a 
teacher’s knowledge and experience of the application of health conditions 
in school life. 

2. And further to protect health in school life by making practical 
knowledge of hygiene as applied to school life an essential qualification 
for those to whom it entrusts school inspection. 


The Committee desire to be reappointed, and ask for a grant of 10/, 
in order to continue their inquiry. 
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TRANSACTIONS OF THE SECTIONS. 


Section AA-MATHEMATICAL AND PHYSICAL SCIENCE. 


PRESIDENT OF THE SectioN—Professor JoHN Purssr, M.A., 
LL.D., M.R.1A. 


THURSDAY, SEPTEMBER 11. 
The President delivered the following Address :— 


In opening our proceedings to-day allow me at the outset to express my deep 
sense of the honour the Association has conferred upon me in asking me to preside 
ever this Section. 

My predecessors in this Chair have usually given you a survey of some depart- 
ment of Mathematics or Physics, tracing what had been already accomplished in 
that department and indicating the nature of the problems which still awaited 
solution. 

May I crave your indulgence if I deviate from this course and, following the 
suggestion of some of my friends, take the opportunity of the Association meeting 
on Irish soil to give you a slight historical sketch of our Irish School of Mathe- 
matics and Physics ? 

In attempting such a review, for the sake of brevity as well as for other 
reasons, I shall confine it to the work of those who are no longer with us, and I 
would not carry it further back than the beginning of last century. This seems a 
natural starting point, as there was at that time a very marked revival of the study 
of science in the University of Dublin, a revival largely due to the influence of 
Provost Bartholomew Lloyd. 

Lloyd won his Fellowship in Trinity College a few years before the century 
opened, and subsequently filled in succession the Chairs of Mathematics and! 
Natural Philosophy. In both departments he imported a radical change into the 
methods of teaching. Hy his treatises on Analytical Geometry and on Mechanical 
Philosophy he introduced the study of what was then called the French Mathe- 
matics, in other words the more advanced Analytic Methods, which were in use 
on the Continent. In 1831 he was appointed Provost of the College, and his 
tenure of the office, though brief, was signalised by many impcrtant improve- 
ments and new developments effected in the University teaching. 

Dr. Bartholomew Lloyd was President of one of the earliest Meetings of this 
Association, that held in Dublin in 18365, 

His son, Dr. Humphiey Lloyd, had a course which was a singularly close 
parallel to his father’s. 

He won his Fellowship in 1824, and succeeded his father in the Chair of Natural 
Philosophy. He also was afterwards appointed Provost, and he too presided over 
another Dublin Meeting of this Association, that held in 1857. He also, in this 
_ again following in his father’s steps, wrote important works on different branches of 
Physics; ‘Light and Vision,’ a systematic treatise on plane as distinct from 
physical optics, ‘ Lectures on the Wave Theory of Light,’ and lastly a treatise on 
“¢ Magnetism.’ 
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It is, perhaps, in connection with this latter subject that his most important 
work was done. He made in association with Sabine an elaborate series of 
observations on terrestrial magnetism in twenty-four stations in various parts of 
Treland, and when subsequently, at the instance of this Association and of the 
Royal Society, the Government established magnetic observatories in different 
parts of the world, it was Lloyd who was entrusted with the task of drawing up 
the manual of instructions for the observers and of receiving their reports. 

In the interval between the two Lloyds another name claims attention. 
Dr. Romney Robinson occupied during an exceptionally long life a much honoured 
and influential position amongst men of science. It was in this city he received 
his early education, for when young Robinson was only nine years of age his 
father had occasion to move to Belfast, and he placed his son under Dr. Bruce, a 
well-known scnoulmaster of those days. Robinson was afterwards sent to Trinity 
College, and after a distinguished course was elected to a Fellowship in 1814. 
For some years he lectured in college as Deputy Professor of Natural Philosophy. 
He relinquished his Fellowship on obtaining a College living, anda few years later 
was appointed Astronomer in charge of the Armagh Observatory. The results of 
his observations were considered so valuable as to be used by the German astronomer 
Argelinder in determining the proper motions of stars. The range, however, of 
his published papers was by no means confined to Astronomy, but extended to the 
most varied subjects, Heat, Electricity, Magnetism, Turbines, Air-pumps, Fog- 
signals, and others. He is best known to the general public as the inventor of the 
Cup Anemometer. He was chosen to preside over the Birmingham Meeting of 
this Association in 1849, 

Robinson was intimately associated with Lord Rosse and keenly interested in 
the experiments which culminated in the construction of the great reflector in 
Parsonstown. This naturally leads us to speak of Lord Rosse himself. Few 
scientific achievements took a greater hold upon the public mind than the suc- 
cessful completion of his great telescope. Only those who have read in Lord 
Rosse’s own papers the description of the many difficulties he had to contend with 
in forging and polishing that wonderful speculum, harder than steel yet more 
brittle than glass, can adequately appreciate the patience and resource with which 
those difficulties were successively overcome. 

Of the results obtained with this instrument the most notable were in the 
observation of the Nebule, a department where its unsurpassed power of light-con- 
centration came fully into play. No doubt at the time public attention was most 
excited by the resolution of a number of hitherto supposed nebule into star 
clusters, leading to the premature conclusion in the minds of those less instructed 
that all the nebule might ultimately be so resolved. To us, however, a far 
greater interest attaches to the observation of the structure of what we now know 
to be genuine nebule, especially the great discovery that these had in many cases 
a peculiar spiral form. All previous telescopes had failed to detect this spiral 
character ; but the drawings taken by Lord Rosse and his assistants put this 
feature beyond question, and these have been fully confirmed in recent years, when 
more accurate delineations were obtained by photography. I need not dwell upon 
the significance of this form, indicating, as it does, a rotatory movement in these 
mighty masses and fitting in with, if not actually confirming, Laplace’s Nebular 
Hypothesis. 

Sir William Rowan Hamilton was undoubtedly the most striking figure in 
the annals of the Dublin School of Mathematics. In imine we must make good 
our right to call him an Irishman, for his greatest admirer and disciple, Pro- 
fessor Tait, has claimed him for a countryman of his own, asserting that 
Hamilton’s grandfather was a Scotchman who migrated to Dublin with his two 
young sons. That this was a complete misconception has been abundantly proved 
by the careful investigations of his friend and biographer, Dr. R. P. Graves, who 
shows conclusively that the only known strain of Scotch blood in Hamilton came 
through his grandmother, who was the daughter of a minister of the Church of 
Scotland. 

It is interesting to find how early Hamilton’s remarkable mental powers began 
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to show themselves. Dr. Graves has given us a letter from his mother in which 
she writes to her sister of the marvellous precocity of her little four-year-old boy, 
telling how ‘he reads Latin, Greek, and Hebrew.’ 

His mental development did not belie these early indications, for at the age of 
thirteen, thanks to the teaching and care of his uncle, who was a most extra- 
ordinary linguist, he had not only acquired a considerable knowledge of the classics 
and the modern European languages, but also attained some proficiency in Arabic, 
Sanscrit, and Persian, His mathematical studies, on the other hand, appear to 
have been carried on without help from anyone, and it is noteworthy that he does 
not seem to have used common text-books, but to have gone direct to the great 
original authors ; ¢.g., he read his algebra in Newton’s ‘ Arithmetica Universalis’: 
while at the age of fifteen he set himself to read the ‘ Principia,’ and two years 
later began a systematic study of Laplace’s ‘Mécanique Céleste.’ His own esti- 
mate of his powers may be gathered from a characteristic letter to his sister 
written’ just after he had entered Trinity College :— 


‘One thing only have [ to regret in the direction of my studies, that they 
should be diverted—or rather rudely foreed—by the College course from their 
natural bent and favourite channel. That bent, you know, is science—science in 
its most exalted heights, in its most secret recesses. It has so captivated me, 
so seized on, I may say, my affections that my attention to classical studies is an 
effort and an irksome one; and I own that, before I entered College, I did not 
hope that in them I would rise above mediocrity. My success surprised me, but 
it has also given me a spur by holding out a prospect that even in the less agreeable 
part of my business I may hope still to succeed.’ 


This letter is interesting as indicating on Hamilton's part a consciousness 
wherein lay his real strength and vocation. Not that his interest in litera- 
ture ever abated. ‘To the last he loved to try his hand at poetical composition, 
frequently inserting in his letters to his friends sonnets of his own. 

He knew Wordsworth intimately, and the poet to whom he sent some of his 
productions gives him the following candid advice :— 


‘Tt would be insincere not to say that something of a style more terse and 
a harmony more accurately balanced must be acquired before the bodily form of 
your verses will be quite worthy of their living souls. You are perfectly aware 
of this, though perhaps not in an equal degree with myseif; nor is it desirable you 
should be, for it might tempt you to labour which would divert you from subjects 
of infinitely greater importance.’ 


Hamilton was first in his College classes in every subject and at every examina- 
tion, and it was fully expected that he would carry off both the medals in 
Mathematics and Classics at his Degree when the following circumstances 
suddenly changed all his plans. Dr. Brinkley, the Professor of Astronomy in 
the University, was appointed to a Bishopric, and Hamilton, though still an 
undergraduate, was invited to offer himself for the vacant Chair. Sir George 
Airy and more than one of the Fellows of Trinity were also candidates, but 
Hamiiton was unanimously elected, 


His career as an original author dates from this time, for immediately after 
his appointment he communicated to the Royal Irish Academy the first of three 
remarkable papers on ‘ Systems of Rays.’ 

Two striking features may be observed in these papers, as indeed in all his 
scientific memoirs: the generality and comprehensiveness with which he states 
his object at the outset and the confidence with which he follows the bold and 
original lines of treatment which he lays down for himself, and closely connected 
with this, the determination not to be baffled by any laboriousness of calculations 
which the application of his method may involve him in. In his first paper he 
begins by examining what happens to a system of rays of light emanating from a 
point and subjected to any number of reflections at curved surfaces. He 
establishes the theorem that such a system will be cut orthogonally by a system 
of surfaces, the length of the path measured from the. original source to any of 
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these surfaces being the same for all the rays. The proof he gives of this theorem 
is so simple that it now seems almost axiomatic ; but it is curious that Malus, who 
had made the laws of Light his special study, though he suspected that the 
theorem ought to hold, yet found himself unable to establish it. 

Hamilton, now considering the length of the path to any point as a function 
of the coordinates of that point, and denoting this function by V, proves that V 
satisfies a simple partial differential equation of the first order and proceeds to 
show the important part the function V plays in the theory. 

He goes on to prove generally that if we are dealing, not with right lines, 


that is, with paths, for which as between any two points {as ig a Minimum, 


but with curved paths for which [udsis & minimum (where p is a function of 


the coordinates), and a system of such paths be drawn through a given point, O, 
the system of surfaces V = const. will still cut all the paths at right angles. If we 
adopt the emission theory of Light, and we take for » the velocity of Light, V 
becomes ‘the Action,’ and the minimum property which the paths satisfy is the 
principle of ‘ Least Action.’ If, on the other hand, we adopt the undulatory theory, 
and we take for » the reciprocal of the velocity, the minimum property becomes 
the principle of ‘ Least Time.’ Thus Hamilton shows that, by altering the signifi- 
cance of », his method applies to either theory. . 

Introducing the further conception that » depends, not only on the coordinates 
of the point, but also on the direction-angles of the ray, he is able to apply his 
reasoning to rays passing through a crystal. He gives by his method a new and 
interesting proof of the equation of Fresnel’s wave-surface, and arrives at the 
conclusion, hitherto unnoticed by mathematicians, that this wave-surface possesses 
four conical cusps and also four special tangent planes, each of which touches the 
surtace, not in one point only, but in an infinite system of points lying in a circle. 
The physical significance of these theorems is what is known as Conical Refraction. 

Having drawn this inference from his mathematical analysis, Hamilton wrote to 
his friend Dr. Lloyd and asked him to verify it by actual observation, and 
accordingly Hamilton’s paper in the ‘ Transactions ’ of the Academy is accompanied 
by another from Lloyd describing the beautiful arrangements by which he had 
succeeded in verifying this remarkable phenomenon in both its varieties. 

This striking instance of scientific prediction naturally made a great sensation 
at the time, appealing, as it did, to a much larger public than the few select 
mathematicians who were capable of mastering the elaborate treatise on 
‘Systems of Rays.’ 

The experimental skill that was required to obtain these results may be 
realised from the circumstance that as I have been told the French physicists 
found themselves unable to repeat the experiment till Lloyd himself went over to 
Paris with his instruments and showed them the way. 

Hamilton was so well satisfied with the success of his new method in dealing 
with the problems presented by the propagation of Light that full of enthusiasm 
he proceeded to apply a generalised form of the same method in the investigations 
of the motion of any material system, and a paper of his was read before the 
Royal Society in 1834 with the following title : ‘Ona general method in Dynamics 
by which the Study of the Motions of all free systems of attracting or repelling 
points is reduced to the Search and Differentiation of one Central Relation, or 
Characteristic Function.’ 

To show the importance attached by the most competent judges to Hamilton’s 
work in this field of Theoretical Dynamics, we cannot do better than quote the 
words of his great German contemporary Jacobi, who afterwards himself added 
to the new theory such valuable developments. 

Jacobi writes as follows :—‘ If a free system of material points is acted on by 
no other forces than such as arise from their mutual attraction or repulsion, 
the differential equations of their motion can be represented in a simple manner 
by means of the partial differential coefficients of a single function of the co- 
ordinates, Lagrange, who first made this important observation, at the same time 
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showed that this form of the differential equations possesses great importance for 
Analytical Mechanics. The marked attention, therefore, of mathematicians could 
not fail to be aroused when Herr Hamilton, Professor of Astronomy in Dublin, 
indicated in the ‘“ Philosophical Transactions” that in the Mechanical problem 
referred to all the integral equations of motion might be represented in just as 
simple a manner by means of the Partial Differential Coeflicients of a single 
function. ‘This is undoubtedly the most considerable extension which Analytica] 
Mechanics has received since Lagrange.’ 

It will be of interest to the Section to recall the fact that Hamilton and Jaccbi 
met each other for the first and I fancy the only time at a Meeting of this 
Association, held in Manchester in 1842, at which meeting Jacobi, addressing this 
Section, called Hamilton ‘le Lagrange de votre pays.’ 

The last third of Hamilton's life was mainly devoted to the development of his 
Quarternion Calculus. As early as 1828 his Class Fellow, J. T. Graves, who had 
been working at the theory of the use of imaginary quantities in Mathematics, 
wrote an essay on Imaginary Logarithms which he wished to get printed by the 
Royal Society. There appears to have been some hesitation amongst the leading 
mathematicians in the Society, notably, Herschel and Peacock, about publishing 
Graves’ paper, as they felt dubious about the accuracy of his reasoning. Hamilton 
heard of this and wrote earnestly to Herschel defending his friend’s conclusions, 
and it seems as if his generous desire to help his friend first set bis own mind 
working in this direction. 

For years his busy brain in the midst of all his other work kept pondering over 
this question of the interpretation of the imaginary, and he has left us in his 
‘Lectures on Quaternions’ an elaborate account of the many systems he devised. 

It was only in 1848, fifteen years later, that he first invented the celebrated 
laws of combination of the quadrantal versors of the Quaternion Calculus, 
Argand, Cauchy, and others had proposed for space of two dimensions the theory 
now known as that of the Complex Variable. For them «°+7y meant the vector 
to the point zy, and the product of two vectors meant a new vector of the same 
form, the only law required being that 7 operating upon 7 was always equivalent 
to —l. 

Many attempts had been made to form on similar lines a Calculus which 
should apply to space of three dimensions ; but so far all such attempts had proved 
unsuccessful, the laws by which the new symbols acted upon one another leading 
to results hopelessly involved. It was here that Hamilton's wonderful faculty of 
scientific imagination came into play. He proposed that a vector should be 
denoted by 77 +jy+kz. Asin the theory of the complex variable in two dimen- 
sions the result of any number of successive operations always preserved the 
fundamental type a+7b, so it was desirable that the result of the successive 
operations of his vectors should issue in an equally simple fundamental type. This 
end he found he could attain if he discarded the commutative principle which 
hitherto had barred his own progress and that of others, yet preserving the 
distributive and associative principles, and finally one happy evening he arrived 
at the beautifully simple laws by which the symbols of this Calculus act upon 
each other; that not only 2?=7?=k? = — 1, but also that 77= -—ji=k, jk = —hj =2, 
ki= -tk=j. 

Tho mala was thus—as the product, that is, of two vectors—that the Quaternion 
first presented itself to Hamilton, he of course saw that it immediately followed 
that it might be regarded as the ratio of two vectors, in other words the operation 
which turned one vector into another. In fact in the more synthetic exposition 
which is contained in ‘ The Elements’ he makes this latter the starting definition 
of the Quaternion, 

It is noteworthy that this the more complete and systematic presentation of 
the subject by its illustrious author may be said to owe its origin to the keen 
interest my predecessor, Professor Tait, took in the new Calculus, of which, as you 
know, he ever afterwards remained the most ardent champion, ‘This interest led 
him to seek from Dr. Andrews an introduction to Hamilton, and the encourage 
ment came to Hamilton at ap opportune moment, for he wrote ;-— 
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‘It was useful to me to have my attention recalled to the whole subject of 
the Quaternions, which I had been almost trying to forget, partly under the 
impression that nobody cared or would soon care about them. The result seems 
likely to be that I shall go on to write some such “ Manual,” but necessarily a very 
short one.’ 


The ‘Manual’ thus foreshadowed became the voluminous treatise ‘The 
Elements of Quaternions.’ 

Those interested in the future cf Quaternions will have welcomed the new 
edition of this work brought out by the present occupant of Hamilton’s Chair, 
Professor Charles Joly, who has himself also added some remarkable developments 
to one branch of the subject, the Theory of the Linear Vector Equation. 

Hamilton’s Quaternions may be viewed in two lights, as a development of the 
logic and philosophy of symbols in their relation to space of three dimensions and 
also as an instrument of research in Geometry and Physics. In the former aspect 
the Quaternions will ever remain a splendid monument of tbe imagination and 
genius of its inventor. In the latter point of view, that is, when we come to 
regard it as a working calculus, it would be premature as yet to fix the place it 
will ultimately occupy. 

A few years after Hamilton had entered upon his scientific career James 
MacCullagh won his Fellowship in Trinity College. After an interval of three 
years he was appointed Professor of Mathematics, and eight years later suc- 
veeded Dr, Lloyd in the Chair of Natural Philosophy. It would be difficult to 
overestimate the stimulating effect of MacCullagh’s lectures as Professor upon the 
Mathematical School. Many of those whose names stand out afterwards—such 
men as Jellett, Michael and William Roberts, Haughton, Townsend, and our 
present honoured Provost—were MacCullagh’s pupils. To the present day the 
tradition still lingers in Trinity College of the impression MacCullagh made upon 
the minds of those with whom he came in contact. 

When, passing from his influence as a teacher, we come to examine his own 
original work we find that this naturally divides itself into two departments, the 
first embracing Geometry and that part of the field of Mathematical Physics which 
most resembles Geometry, that in which the fundamental principles are entirely 
agreed upon; the second his work in Physical Optics, where he has to imagine 
new principles which, mathematically developed, should correlate the empirical 
laws hitherto obtained and be capable of verification by experiment. 

Of the first class we have his studies in ‘ Surfaces of the Second Degree.’ The 
most striking result he kere obtained was the discovery of the modular generation 
of the quadric, thus extending to surfaces the focus-and-directrix property of the 
conic in plano. We are also indebted to him for some very elegant theorems in 
the theory of confocal quadrics, a subject to which he devoted much attention. 
He likewise gave a course of lectures containing a masterly discussion and geo- 
metrical presentment of the motion of a rigid body round a fixed point not acted 
on by external forces. 

At the very outset of his career as an original author he seems to have been 
attracted by the theory of Light. To understand the ardour with which 
MacCullagh and his contemporaries devoted their mathematical powers to Physical 
Optics, we must endeavour to recall the circumstances of the time. The celebrated 
memoirs of Fresnel had recently appeared. In these he had proved, following 
Young, that the ethereal vibrations which constitute Light must be in the plane of 
the wave-front ; that a beam of polarised light was simply a system of parallel 
waves in which these transverse vibrations were all in one direction. He had 
applied the theory of the ellipsoid to prove that there were three directions in a 
erystal in which the restitution-force coincided with the direction of the vibrations; 
that in the plane of every wave there are two directions along which, if a particle 
vibrate, the component of the restitution-force resolved in the plane of the wave 
will be along the direction of displacement. He had also from these principles 
deduced the equation of his famous wave-surface. 

How much the work of Fresnel filled the imagination of scientific men in 
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those days may be seen from the enthusiastic language which the sober-minded 
Dr. Humphrey Lloyd allows himself to use about him in his valuable report on 
Physical Optics, which he wrote for this Association in 1834. 

In passing I would say that the name of Fresnel reminds us of the loss 
Science, and especially this Section, has sustained since we last met in the death 
of that illustrious French physicist who devoted his life with such ardour and 
success to the same field of research—Alfred Cornu. Those of us who had the 
privilege of being present will recall with a sad pleasure the beautiful address he 
gave us in Cambridge on the Wave Theory of Light on the occasion of Sir 
George Stokes’ jubilee. 

Fresnel in his analysis had assumed that when the molecules of the ether are 
disturbed by the passage of a wave the force of restitution acting upon a mole- 
cule depends upon that molecule’s absolute displacement. Cauchy and Neumann 
and, in England, Green, improved on Fresnel’s reasoning, making this force 
depend not on the absolute but on the relative displacement; all these physicists, 
however, worked on the lines of endeavouring to form an explanation of the 
propagation of the waves of Light, by treating them as the waves in an elastic 
medium, akin in its properties toa solid medium in which the stresses depend 
on the deformation of the elements. 

MacCullagh agreed with these others in making the forces of restitution depend 
on the relative displacements as expressed through a certain function V, which 
represented the potential energy of the medium. In the further development of 
the theory he, however, diverges from them and adopts a line of his own. Struck 
by the significance of the fact, to which he seems to have been the first to direct 
attention, that the vector whose components are 


1/dv_dw\ 1/dw_du\ 1(du_dv 
2\dz dy)’ 2\dx dz)’ 2\dy dex)’ 


which we now, of course, know as the vector of molecular rotational displace- 
ment, was, so to speak, a physical vector, independent of the choice of our axes of 
coordinates, he was led to the idea of choosing for the form of V that of a homo- 
geneous quadric in these three components. It must be admitted that the reasoning 
by which he attempts to prove the necessity of this assumption is eminently 
unsatisfactory, and that the assumption itself lay open to an apparently fatal 
objection urged later by Stokes, that of neglecting to secure the equilibrium of 
the element of the medium guoad moments. 

Having, however, adopted this form of V, MacCullagh proceeds (making the 
assumption that while the elasticity of the medium varied the density was every- 
where the same), by processes of remarkable elegance and simplicity, to develop 
the laws of wave propagation in a crystal, thus verifying the wave-surface of 
Fresnel, while at the same time he found himself able to satisfy completely the 
requirements at the limits. He could also point to experience, ¢.g., the experiments 
of Brewster and Seebeck, as justifying the simple and beautiful laws which he had 
succeeded in obtaining. 

Nevertheless the force of Stokes’ objection was felt to be so strong that one 
who reviewed the subject, say thirty years ago, would have regarded MacOullagh’s 
work in Optics as presenting indeed opportunities for beautiful mathematical 
developments, but lacking sound physical basis. 

The publication, however, of the epoch-making treatise of Maxwell on 
Electricity and Magnetism entirely changed the aspect of the question, and in 
particular threw a new light on MacCullagh’s assumption. FitzGerald, in 1879, 
pointed out that the Potential Energy, which in Maxwell's theory was equivalent 
to the electro-static energy, really was a quadratic function of three variables, which 
answered to the components of MacCullagh’s molecular rotation, and accordingly 
led to the same differential equations of the motion as MacCullagh had deduced. 

Subsequently Larmor, in his remarkable investigation of the Dynamical Theory 
of the Electric and Luminiferous Ether, deliberately reconsiders MacCullagh’s posi- 
tion, finds in fact in his equations the starting-point of his own theory. He points 
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out the real significance of MacCullagh’s function V ; that it corresponds to a stress- 
strain system, but one of a very novel type; one in which the stresses depend 
entirely on the rotational displacements of the molecules, and are otherwise 
absolutely unaffected by the ordinary deformation-strains. He further shows that 
the difficulty under which MacCullagh’s theory laboured, that it did not provide 
for the rotatory equilibrium of the element, could be removed if we allowed our- 
selves to assume the existence of a hidden torque acting on each element. 

As I understand the advocates of this theory, they maintain that an important 
step has been made, even though in the present state of our knowledge we may 
not be able to account for the existence of this hidden torque. They point out, 
however, that such a torque is at least not inconceivable, whether its explanation 
be sought in concealed kinetic phenomena, as in Lord Kelvin’s material gyrostati- 
cally constituted medium, or in quasi-magnetic forces supposed to reside in the 
ethereal elements. 

Should this theory of a rotationally elastic ether obtain final acceptance, it 
will of course be a matter of congratulation to MacCullagh’s countrymen to find 
that his labours, in this, perhaps the most important field of his researches, have 
not been thrown away ; that they represent no mere play of elegant mathematical 
analysis, but a real step in the progress of physical science. 

A few years after MacCullagh, two other well-known men, whose names for 
half a century were associated with the Mathematical School in Dublin, were 
elected Fellows—Andrew Searle Hart, afterwards Sir Andrew Hart, and Charles 
Graves, subsequently Bishop of Limerick. They won their Fellowships in two 
successive years, and both lived to an advanced age. 

Hart hada great reputation as a geometer. His examination papers were 
specially noted for the number of original problems they contained. As specimens 
of his work we may instance the following. Extending Feuerbach’s theorem for 
the nine-point circle, Hart showed that the circles which touch three given circles 
can be distributed into sets of four aJl touched by the same circle. He also showed 
that Poncelet’s beautiful porism for coaxal circles in plano held for the surface of an 
ellipsoid, if we replace the rectilineal polygons by geodetic polygons and the coaxal 
circles by lines of curvature. 

Graves became Professor of Mathematics on MacCullagh’s resigning the Chair in 
1843. He was largely influenced by the writings of Chasles, of whese two memoirs 
on Cones and Spherical Conics he published a translation. In this were incor- 
porated valuable original additions of his own, amongst others the remarkable theorem. 
that if two spherical ellipses are confocal the sum of the tangents drawn to the 
inner from any point of the outer exceeds the intercepted arc between the points of 
contact by a constant length, a theorem which of course includes the corresponding 
proposition for confocals in plano. Grayes was one of the first to apply the method 
of the Separation of Symbols to Differential Equations, and gave an elegant de- 
menstration by this method of Jacobi’s celebrated test for distinguishing between 
maxima and minima in the Calculus of Variations. 

On the death of MacCullagh it was determined to strengthen the Natural 
Philosophy department by the establishment of a second Professorship in that 
subject, and Jellett, one of the ablest of MacCullagh’s pupils, was appointed to the 
new Chair. 

His first published work was his ‘Calculus of Variations,’ which at the time 
it was written constituted the only systematic English treatise on the subject. It 
is marked by that peculiar acuteness and power of fastening on essential points, 
whether for criticism or exposition, which was the author’s leading characteristic. 
Apart from the excellent account he gives of the researches of Continental mathe- 
maticians, I would notice especially his most interesting chapters on the conditions 
of integrability and many valuable geometrical theorems on surfaces hence 
resulting. In discussing his more properly original work we may arrange it in 
three divisions: Ist, his papers on Elasticity; 2nd, that on the properties of 
Inextensible Surfaces; 3rd, those on the application of polarised light to the new 
subject of Chemical Equilibrium. 

Jn taking up the problem of an elastic medium and the propagation of wayeg 
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in such medium, Jellett follows the example of MacCullagh, who had made this 
subject one of special] interest to the Dublin school. In these memoirs he draws 
attention toa remarkable difference in the mode of regarding the molecular con- 
stitution of the medium, a difference corresponding to what is now known as the 
distinction between the Rari-constant and Multi-constant theories, We may, Jellett 
points out, regard the action between two molecules as only conditioned by the 
relative position of these molecules, or as dependent also on the position of the 
neighbouring molecules. The first is termed by Jellett the hypothesis of indepen- 
dent action, and this he shows to lie at the basis of Cauchy's theory, whereas the 
theory of Green, the English elastician, essentially involves the second hypothesis 
which Jellett calls ‘ modified action.’ He established in the same papers the im- 
portant theorem that if a Work function exists the three directions of vibration, 
corresponding to a plane-wave, are rectangular, and vice versa. 

In his memoir on Inextensible Surfaces various interesting questions are 
discussed, He proves that in the case of a synclastic surface if a closed curve 
on the surface be held fixed, the entire surface will be immovable; that on the 
other hand on an anticlastic surface it is possible to draw a curve which may be 
held fixed without involving the immovability of the surface, the conditions being 
that the curve will be that formed by the successive elements of the inflexional 
tangents. The mathematical theory of such curves had been already studied, but 
Jellett seems to have been the first to signalise their importance in the theory of 
deformation, and, on account of the property referred to, he proposed to call them 
Curves of Flexure. It is interesting to remark that Maxwell was attracted by the 
same subject of Inextensible Surfaces, and in one of his earliest papers confirms by 
an entirely different method several of Jellett’s conclusions. 

At the close of Jellett’s paper a remarkable proposition is laid down, apparently 
for the first time, that a closed oval surface cannot be inextensibly deformed ; in 
other words, that if such a surface be perfectly inextensible it is also perfectly 
rigid. I think we must admit that the proof of this striking theorem offered by 
Jellett is by no means satisfactory. Subsequent attempts by others to establish 
this proposition can hardly be said to be more successful. But the fact that it 
can be rigorously proved true for a sphere or more generally for any ellipsoid 
seems to indicate that we have here to do with a real and important theorem, but 
one which needs, as is so often the case, to have the limits of its application more 
clearly detined. 

Many experimental physicists will know Jellett best by the beautiful and 
delicate instrument he invented, ‘ The Double-plane Analyser,’ an instrument which 
he devised in order to secure the more exact determination of the rotation of the 
plane of polarisation than could be obtained by the polariscopes hitherto in use. 
Jellett was actuated here by the consideration that he saw in this phenomenon of 
the rotation of the plane of polarisation a means of attacking the interesting 
problem of chemical equilibrium. Chemical equilibrium he detines thus: ‘Two 
or more substances may be said to be in chemical equilibrium, if they can be 
brought into chemical presence of each other (zs in a solution) without the forma- 
tion of any new compound or change in the amount of any of the former com- 
pounds which have thus been brought together.’ In a mixed solution of sundry 
bases and acids where all the possible salts are soluble, what are the proportions in 
which the acids are distributed amongst the bases? Such was Jellett’s question, 
and in answering it he arrives by a remarkable train of quasi-mathematical 
reasoning at certain laws governing this distribution, and proceeds to establish the 
truth of these laws by observation with his new polariscope. 

He also discusses in the same papers two alternative theories which we can 
hold of chemical combination, the ‘ statical’ and the ‘dynamical,’ and shows from 
the consideration of the number of equations which subsist that the ‘dynamical 
theory’ is alone admissible. 

When the Association met in Belfast twenty-eight years ago Dr. Jellett 
occupied this Chair, and at the close of his Address, in which he took for his subject 
certain fresh applications of Mathematical Analysis to Physical Science, he touched 
upon these yery researches jn which he was at the time engaged. 


508 REPORT—1902. 


All old Trinity men would think this enumeration incomplete if it did not 
refer to the wonderfully active animating presence of Samuel Haughton. He also 
directed his energies in the first instance to the subject of Elasticity, on which he 
wrote several important memoirs, endeavouring to formulate a system of laws by 
which he might be able to explain the propagation of Light. But apparently 
discouraged by the extreme difficulty of the problem his versatile brain turned 
soon to quite other branches of science—to Physical Geology, then to Physiology 
and Medical Science, and in fact in his later work he passes out of the cognisance 
of Section A. 

Of the pure mathematicians trained under MacCullagh two of the most 
eminent were the twin brothers Michael and William Roberts. Strikingly 
alike in their personal appearance they were in my student days two of the best 
known figures in the Courts of Trinity. 

In his geometrical work Michael Roberts pursued the fruitful lines of research 
started by Chasles and followed up by MacCullagh in the study of quadric sur- 
faces, and it fell to his lot to discover some most remarkable theorems on the 
relations of the geodetics on the surface to the lines of curvature; theorems in- 
deed to which the author would have been justified in applying words which Gauss 
used of a great theorem of his own: 


‘Theoremata quie ni fallimur ad elegantissima referenda esse videntur.’ 


Joachimsthal had shown that the first integral of the equation of the geodetics 
en an ellipsoid could be thrown into the well-known form PD = consiant. 
Michael Roberts now showed that the geodetics, which issue in all directions 
from an umbilic, pass through the opposite umbilic where they meet again 
by paths of equal length; that the lines of curvature considered with respect 
to two interior nmbilies possess properties closely analogous to those of 
the plane conic with respect to its foci; that if such umbilics A and B be joined 
by geodetics to any point P on a given line of, curvature they make equal angles 
with such line, and consequently that as P moves along the line of curvature, 
either PA +PB or PA—PB remains constant, so that if the ends of a string be 
fastened at the two umbilics and a style move over the surface of the ellipsoid, 
keeping the string stretched, the style will describe a line of curvature, Another 
remarkable analogue he proved was the following: that as in a plane conic if a 
point P on the curve be joined to the foci A and B, 


tan 3(PAB) tan (PBA) = const. 
or tan 3(PAB)/tan $(PBA) = const. 


so precisely the same relation holds for a line of curvature on the quadric, re- 
placing the foci by the umbilics and the right lines by geodetics. 

Sir Andrew Hart made a valuable contribution to the subject by investigating 
the relation between the angles which an umbilicar geodetic makes with the 
principal plane when it leaves the umbilic and when it returns to it again after 
going the circuit of the surface. He proved that if and o’ be these angles, 
tan 40’ 
tan Jo 
of w. This is interesting, as it shows that such a geodetic is not a finite closed 
curve, but that it crosses itself over and over again at the umbilics, the successive 
values of tan }@ forming a geometric series. 

To Michael Roberts is also due much important work in the department of pure 
analysis—notably, in modern Algebra his method of deriving Covariants, and the 
investigation of their relations by means of their sources, and in the theory of 
Abelian integrals his construction (following the method of Jacobi) of a Trigono- 
metry of the hyperelliptic functions. 

His brother William Roberts is perhaps best known for some of the investi- 
gations he carried out by means of elliptic coordinates, For example, he applied 


can be expressed by means of complete elliptic integrals independent 
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them to Fresnel’s wave-surface, and showed that the two sheets of the surface can 
be expressed in the simple forms 


V+r2a4+b%—c? and 24+ wWaa+ Bc? 


By following the same method he succeeded also in adding an interesting new 
triple system of orthogonal surfaces to those already known. 

Richard Townsend was another of the Fellows of Trinity of MacCullagh’s 
school. He was known to us in College in my day as the great expositor of the 
new geometry of Anharmonics and Involution. He wrote many valuable original 
papers, but it was as a lecturer he was most remarkable. I never met a teacher 
so enthusiastic nor one who seemed to enjoy teaching more thoroughly. 

He inspired his pupils with much of his own ardour, and it is greatly owing to 
Townsend's influence that the old name Trinity had for the study of Geometry was 
so well kept up in his day. 

He published in the latter part of his life an extensive treatise on Modern 
Geometry, which did good service in presenting the subject in the light of an 
organised system and not as a collection of isolated problems. 

In this connection I must not omit to mention one of our most original Irish 
geometers of recent days, Dr. John Casey. Where Casey learnt his Mathematics 
is indeed a marvel. Up to middle life he was engaged in the engrossing labour of 
a schoolmaster in Kilkenny under the National Board of Education. It was not till 
he was nearly forty that by the advice of Townsend, to whom he used to send up 
some of his ingenious geometrical solutions, he moved up to Dublin and entered 
Trinity College. Of his original papers his best known are those on Bicircular 
Quartics and Cyclides. 

In elementary Geometry we owe to him a very elegant extension of Ptolemy’s 
famous theorem that for four points, ABCD, on a circle AC.BD=AB.CD 
+AD,BC. Casey shows that the same equation is true if we replace the four 
points by four circles touching a common circle and the lines joining the points by 
the common tangents to the circles. He acquired so high a repute both as a 
teacher and as a writer that he was offered and accepted the post of Professot ot 
Mathematics in the Catholic University 

It is not yet two years since George FitzGerald was taken from us. The many 
loving tributes to his memory which appeared in the scientific journals after his 
death reveal to us how deep and widespread his loss was felt to be, but it is in 
Ireland this loss is most serious. As long as he lived and worked, our country 
could claim to own one of the foremost members of that select band who are 
endeavouring to wrest from Nature her inmost secrets. 

You know how sedulous an attendant he was of the Meetings of this Section, 
and Trinity College never sent you a representative of whom she had more reason 
to be proud, for he has done more than any of her sons for many years to maintain 
the reputation of her scientific school. This he has brought about, not by his 
writings only, able and original as these were, but also by the encouragement and 
stimulus he gave the younger men he gathered round him, and the self-forgetful 
readiness with which he gave all the help he could to those who in any measure 
shared his own genuine love for science. 

You will all rejoice that we are now in possession of a volume containing a 
complete collection of FitzGerald’s scientific papers. I am sure he himself could 
not have wished for a better chronicler of his life and labour than his intimate 
friend Dr, Larmor, more especially as Dr. Larmor’s own far-reaching speculations 
on the great mystery of the Ether qualify him in a very peculiar manner to 
appreciate the work of his fellow-physicist. The admirable analysis of that work 
in the opening pages of this volume renders any further account of it on wy part 
completely unnecessary. 

A few months before FitzGerald’s death there passed away one of his most 

distinguished pupils, Thomas Preston. Though cut off so young he had already 
' done much work, and of a quality which raised high expectations of his future. 
His treatises on Light and on Heat are to be noted, not merely for the excellent 
account they give of the recent additions to the subjects treated, but for the 
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thoughtful and philosophic spirit in which the whole is presented. It was, how= 
ever, his experimental researches which’ most excited attention, more particularly 
those on the action on Light of a strong electro-magnetic field and the fine ex- 
periments in which he extended beyond any observations hitherto made the 
analysis of the Zeeman effect. 

Of two others I have yet to speak, and these were eriphatically representatives 
of this city and of the College in whose Halls we are meeting to-day—Thomas 
Andrews and James Thomson. It would be difficult to describe adequately all 
the phases of so manifold an activity as that of Dr. Andrews. As one long 
associated with him as a colleague I would bear testimony to one side of his lifer 
work—the potent influence he exercised in this College in its earlier years as a 
skilful pilot guiding the ship till it was well out of port. His high ideal of the 
function it should discharge in the education of the country and the practical 
zeal and ability which he ever brought to bear on the administration of our 
affairs contributed in no small measure to place the College in the assured position 
it occupies to-day. 

On his great physical and chemical investigations it is happily the less neces- 
sary for me to touch, as they have been so fully brought before you by our Presi- 
dent in his opening Address ; and as regards the most important of these researches,. 
those on the continuity of the Liquid and Gaseous states, no one assuredly could 
have more fitly expounded them than one who has himself pressed forward with 
such splended success in the paths which Andrews opened up. 

I have always considered that Andrews, through the long course of these later’ 
researches, was most fortunate in having near at hand such a friend as James: 
Thomson; not that he was a collaborator—for Andrews did all this work unaided 
—but that Thomson gave him throughout that best of all encouragement which 
consists in enlightened appreciation of the importance of the results he was: 
obtaining and ot their inner meaning and significance. 

Of Thomson himself what shall I say? Of all the scientific men I have come: 
across he perhaps most fulfilled the idea of a philosopher, his ever-working brain 
ever seeking out causes, ever pondering on the why and the wherefore of the 
unexplained. 

One of his earliest investigations is perhaps the best known, that in which, 
basing his reasoning on Carnot’s principle, he demonstrates the effect of pressure 
in lowering the freezing-point of water, and in which he gave at the same time a 
numerical estimate of this effect. 

This discovery was of great practical import, for, small as the effect was, it 
enabled him to explain fully the rationale of the plasticity of ice. 

Forbes had already shown that the motion of glaciers depended upon a plastic 
or viscous quality in the ice. It remained for ‘Thomson, by the aid of his newly 
discovered principle, to go a step further and account for this plasticity. 

It is interesting to note that the questions which led to some of his most 
valuable investigations seem to have been started by the filial task he took upon 
himself of re-editing his father’s educational text-books. It was, for example, the 
revision of a chapter in his father’s Geography which I believe led him to examine 
more thoroughly into Hadley’s theory of the Trade winds, and to make the following 
important addition to that theory. He showed that while in the tropical latitudes, 
say of our northern hemisphere, two currents would satisfy all the conditions, 
ze. the Trade wind blowing from N.K. to S.W. in the lower regions of the 
atmosphere, and the return current in the upper regions, on the other hand that: 
in the temperate latitudes there must be three currents at different elevations ; 
that the uppermost and the lowest of these have a movement towards the pole, 
but in the middle regions of the atmosphere between these there must be a large 
return current from the Pole, and that the prevailing motions of all three currents 
would be from west to east. 

Thomson was particularly successful in his treatment of this and other 
questions of fluid motion. He was not familiar with the technique of the higher 
mathematics, and on this very account was not tempted, as so many mathematical 
experts are, to assume impossible conditions in order to bring the problems within 
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reach of their algebraic analysis; but for all that his mind was eminently of a 
mathematical cast. He is never vague or loose in his reasoning, and he had a 
wonderfully tenacious grasp of physical principles. The result was that he has 
succeeded in finding out the key to some of the most curious phenomena in the 
motions of fluids. 

I may give as a typical instance of his line of reasoning his beautiful explana- 
tion of the action of the water of a river flowing round a bend. He saw clearly 
that from true dynamical principles the flow of the water must be most rapid near 
the inner bank, and the question which presented itself to his mind was why then 
the inner bank was not worn away. The answer he showed to consist in the 
friction of the bed checking the velocity of the lowest stratum of the water, 
The effect of this he proves to be that an under-current is produced in this stratum 
aeross the bed of the river from the outer towards the inner bank, a current 
which does two things: it carries sand and detritus and deposits them on the 
inner bank; and, since the water in this current has to rise vertically to the 
surface when it reaches this bank, it thus protects it from the scour, 

In a review of Thomson’s work we should emphasise his constant endeavour, 
whether in Mathematics or Physics, to attain clear conceptions of fundamental 
principles. This showed itself in the various innovations in nomenclature he 
mtroduced. Many of the new words he coined, ‘radian,’ ‘ numeric,’ ‘ torque,” 
‘interface,’ ‘clinure,’ ‘ posure,’ &c., are great helps both in thinking and teaching. 

The same determination at any cost of hard thinking to arrive at clearness in 
regard to fundamental principles is strikingly evidenced by one of his later papers, 
that on the ‘ Law of Inertia and the Principle of Chronometry,’ which is a most: 
searching discussion of the true significance of Newton's first and second laws of 
motion. 

I must now close this review. I shall be glad if I have succeeded, however 
imperfectly, in giving you some impression of our Irish schools of Mathematics 
and Physics, of the workers and of the scurces from which they drew their inspira- 
tion. There surely never was a time when the problems presented to the mathe- 
matician by Physical Science were more interesting; never a time when Science 
for its onward progress stood more in need of those gifted ones who combine 
clearness of thought with imagination and hopeful courage. Let us hope that 
amongst these in this new century, others of our countrymen may be found not 
unworthy to have their names inscribed in the roll which contains those of 
Hamilton and MacCullagh, of Andrews and Thomson. 


The following Papers were read :— 


1, On the Question as to the Accurate Conservation of Weight in 
Chemical Reactions. By Lord Rayeieu, F.R.S. 


2. Motion of a Detached Thread of Liquid in a Capillary Tube. 
By Professor W. B. Morton, JL.4., and W. Hawruorn. 


3. On the Vibrations of a Plucked String. 
By Professor W. B. Morron, 4MLA., and T. B. Vinycomps. 


4. On Continuous Motion produced by Vibrations. 
By Professor W. B. Morton, I.A., and A, M. Kiysxy. 


5. On the Prevention of a Deposit of Dew on the Lenses of a Projecting 
Lantern. By Professor A. Scuusrer, Z.R.S. 
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6. Further Huperiments by the Thermal Method on the Variation of the 
Critical Velocity of Water with Temperature. By Howarp T. Barnes, 
M.A.Sc., D.Sc. 


In a paper communicated by the author with Dr. E. G. Coker to the British 
Association at Glasgow it was shown from a series of experiments by a new 
thermal method on the upper limit of stream-line flow that this point, at whiclt 
stream-line motion breaks down, apparently does not follow the temperature func- 
tion of Poiseuille exactly. A second series of measuieménts by the sare metliod 
for a different pipe has given identically the same result. 

Realising how contrary to theory the result of this experimental investigation 
seems to be, it was decided both by Dr. Coker and the author to carry out separate 
determinations involving measurements of the lower limit of stream-line flow and 
the dependence of the same on the temperature. Since the theoretical equations 
apply to this lower limit, which is the point where the law of resistance changes 
and the true criterion is obtained, a rigid adherence to the law of Poiseuille neces- 
sarily follows.’ 

In place of starting with water free from initial disturbance, as in our previous 
experiments, and measuring the velocity at which stream-line motion breaks down, 
water in a disturbed state was allowed to flow through a pipe of sufficient length 
to allow of the dying out of the eddies for velocities less than the critical. By 
surrounding the end of the pipe with a water-jacket ata slightly different tempera- 
ture from that of the water flowing through, and using the thermometer as before, it 
has been possible to determine: (a) the velocity at which all the eddies die out 
and stream-line motion is the stable flow; (6) the velocity at which the motion is 
entirely sinuous with no tendency to form stream-lines; and (c) the intermediate 
velocity where by the oscillation of the thread of the thermometer tie formation 
of stream-lines and the breaking up into eddies were seen to follow in regular 
intervals. These experiments were made by the author partly to test the efficacy 
of the thermal method for determining the lower limit of stream-line flow with a 
view to extension to other liquids. 

; The result of this and the previous work may be summarised briefly as 
ollows :—- 


1, An experimental verification of the law of Poiseuille for the temperature 
coefficient of the lower limit of stream-line flow. 

2. That there is a small divergence from the law of Poiseuille in the case of the 
temperature coefficient of the upper limit of stream-line flow. 

& The reformation of stream-lines, shown both by the thermal method and 
coleur-band tests, for velocities above that at which eddies first make their appear- 
ance. 

4, The attainment of exceedingly high velocities of stream-line flow for certain 
sizes of pipes under steady conditions. 


FRIDAY, SEPTEMBER 12. 
Department IJ.—Astronomy anp Cosmicat Puysics. 
CHAIRMAN: Professor A, ScHusrER, Ph.D., F.R.S. 


The Chairman delivered the following Address :— 


Our proceedings to-day constitute an innovation and require a few words of ex= 
planation. When, a few years ago, some astronomers felt that our Association 
bestowed an insufficient share of attention on their subject, an easy remedy sug- 
gested itself in the formation of a special sub-section devoted to that subject. Such 
a sub-section was accordingly organised at Bradford and Glasgow, but for reasons 


1 Osborne Reynolds, Pril. Lrans., 1883 and 1895. 
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which are perhaps not altogether to be regretted the experiment was only par- 
tially successful. In the meantime the work of Section A became heavier and 
heavier, and as it seemed necessary to find some way of relieving its meetings it 
was decided to hand over to the already established sub-section of Astronomy 
other subjects, such as meteorology, terrestrial magnetism, seismology, and, in 
fact, anything that the majority of physicists are only too glad to ignore. 

When the Council of the British Association asked me to act as President of 
such an enlarged sub-section I was very doubtful whether I ought to accept the 
honour, In the first place, I felt incompetent, owing to my almost complete ignor- 
ance of most branches of astronomy, and in the second place I do tiot approve of 
the formation of sub-sections dealing with important branches of physics. If 
Teyentually consented, it was partly because I lacked the strength of mind to refuse 
an honour of this kind, but partly because I was glad to have an opportunity of 
raising the whole question of the organisation of our meetings. The ground for 
such a discussion has, however, to a great extent disappeared, because when the 
Organising Committee of Section A met in the spring there appeared amongst those 
present a sudden revival of interest in the subjects assigned to the sub-section, and 
it was decided that the main section should not meet at all to-day, soas to allow 
all members to help us in our discussions. The parent Section has, therefore, 
voluntarily submitted itself to absorption by its neglected offspring, which now 
has to show that cosmical physics obey the laws of terrestrial physics, and that 
good absorbers are also good radiators. 

Gratifying as this reunion must be to us, it fails to realise one of the original 
objects for which we have been called into existence, because instead of lightening 
your work it has added to it by imposing upon you the burden of having to listen 
to a second Presidential Address. I will try to make this additional burden as 
light as possible by concentrating my general remarks into a few sentences, and 
then introducing the business of the Section by means of a contribution to its 
scientific work, which I otherwise would have made in the ordinary course of the 
meeting. 

To make our meetings as fruitful as possible, we would make the fullest use of 
the opportunities afforded us of personal contact and interchange of ideas. This 
is not accomplished by dividing into separate camps as soon as we have come 
together, but rather by finding some common ground for our debates. We should 
not try to minister to the separate needs of the specialist in electricity, or in meteo- 
rology, or in astronomy, but should impress upon each of these specialists that 
he must bring before us the results of his investigations in so far as they bear 
on the more general questions in which we all are, or ought to be, interested. If 
it is necessary to lighten the work of the Section this should be done by excluding 
all papers which are of interest only to specialists, or by establishing sub-sections 
for such papers. Let us divide—if divide we must—according to the character of 
the contribution, rather than according to the subject it happens to deal with. The 
difficult and, perhaps, unpopular censorship which such a course would involve 
would probably be temporary only, as the character of the papers which are de- 
sired for the main Section would soon become known, and the increased attraction 
and usefulness of our discussions would, I am convinced, in a few years compen- 
sate for the initial trouble. We all require, occasionally, to be reminded that the 
detail work which is necessary, and on which most of us are engaged, is only of 
importance or interest if it helps us forward towards the solution of the great 
problems of nature. 

Addressing myself more particularly to astronomers, I should like to say that 
we shall always welcome them as members of Section A, and that the benefit we 
shall derive from their contributions will be great in proportion as they consider 
themselves to be citizens of the general empire of that Section, rather than inhabi- 
‘tants of an independently governed state. 

There is a minor reform, or perhaps I ought to call it a protest, against one 
of the traditions of the Association which I feel called upon to urge on you. Discus- 
sion is our principal aim, and we are always trying to find suitable subjects for dis- 
cussion ; yet we are prevented by rule or custom from discussing the Presidential 
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Address and the reports of committees. Those who framed such a rule must have 
had some unfortunate idea that the dignity of the Chair might be endangered if 
some criticism happened to be expressed in the discussion of the chairman’s ad- 
dress, or that the value of the report of a committee might be endangered by some 
adverse comment coming from outside. But it seems to me that a scientific 
society or association, and especially one framed ona democratic constitution, 
ought not to take such a narrow and unscientific view. I can remember several 
Presidential Addresses which might, and probably would, have given rise to most 
instructive debates had the rule not existed. 

Reports of committees if not suitable for discussion should not be read at all; 
but if read they should be open to discussion. 

I hope that to-day you will not feel yourselves bound by ancient custom, but 
in order that, at any rate, the more scientific portion of my contribution to our 
proceedings, should not be stained by the suspicion of immaculate conception, I 
‘will now ask the duly constituted President of our Section to take his proper place. 

The question I wish to bring to your notice to-day is an old one: if two events 
happen simultaneously, or one follows the other at a short interval of time, does 
this give us any reason to suppose that these two events are connected with each 
other, both being due to the same cause, or one being the cause of the other ? 
Everyone admits that the simple concurrence of events proves nothing, but if the 
same combination recurs sufficiently often we may reasonably conclude that there 
is a real connection, The question to be decided in each case is what is ‘ sufficient’ 
and what is ‘reasonable.’ Here we must draw a distinction between experiment 
and observation. We often think it sufficient to repeat an experiment three or 
four times to establish a certain fact ; but with meteorological observations the case 
is different, and it would, e.7., prove very little if on four successive full moons the 
rainfall had been exceptionally high or exceptionally low. The cause of the differ- 
ence lies in the fact that in an experiment we can control to a great extent all the 
circumstances on which the result depends, and we are generally right in assuming 
that an experiment which gives a certain result on three successive days will do so 
always. But even this sometimes depends on the fact that the apparatus is not 
disturbed, and the housemaid has not come in to dust the room. Here lies the 
difference. What is possible in a laboratory, though perhaps difficult, is not possible 
in the upper regions of the atmosphere where some unseen hand has made a 
clean sweep of some important condition. 

‘When we cannot control accessory circumstances we must eliminate them by 
properly combining the observations and increasing their number. The advantage 
does not lie altogether on the side of experiment, because the very identity of 
condition under which the experiment is performed gives rise to systematic errors, 
which Nature eliminates for us in the observational sciences. In the latter also 
the great variety in the combinations which offer themselves allow us to apply the 
calculus of probability, so that in any conclusion we draw we can form an idea of 
the chance that we are wrong. Astronomers are in the habit of giving the value of 
the ‘ probable error’ in the publication of their observations. Meteorologists have 
not adopted this custom, and yet their science lends itself more readily than any 
other to the evaluation of the deviations from the mean result on which the 
determination of the probable error depends. We look forward to the time when 
weather forecasts will be accompanied by a statement of the odds that the pre- 
diction will be fulfilled. 

The calculation of the probability that any relationship we may trace in 
different phenomena indicates a real connection seems to me to be vital to the 
true progress of meteorology, and although I have on previous occasions ! already 
drawn attention to this matter L should like once more to lay stress on it. 

The particular case I wish to discuss, though the methods are not restricted to 
this case, is that in which one of the two series of events between which velation- 
ship is to be established has a definite period, and it is desired to investigate the 
evidence of an equal period in the other series. 


' Cambridge Phil. Trans., vol. xviii. p. 107. 
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Connections between the moon and earthquakes, or between sunspots and rain- 
fall if proved to exist, would form examples of such relationship. The question to 
be decided in these cases would be: Is there a lunar period of earthquakes, or an 
eleven years’ sunspot period of rainfall ? 

Everyone familiar with Fourier’s analysis knows that there is a lunar or sun- 
spot, or any other period in any set of events from volcanic eruptions down to the 
birth-rate of mice; what we want to find out is, whether the periodicity indicates 
a real connection or not. Let us put the problem into its simplest form. Take 
n balls, and by some mechanism allow them to drop so that each falls into one of 
m compartments. If finally they are equally distributed each compartment would 
hold n/m balls. If different compartments contain a different number of balls, we 
may wish to find out whether the observed inequality is sufficient to indicate any 
preference for one compartment, or how far it is compatible with equality of chance 
for each. If we were able to repeat the experiment as often as we lilsed, we should 
have no difficulty in deciding between the two cases, because in the long run the 
average number received by each compartment would indicate more and more 
closely the extent of bias which the dropping mechanism might possess. But we 
are supposed to be confined to a single trial, and draw our conclusions as far as we 
can from it. : 

It would be easy to calculate the probability that the number of balJs in any one 
compartment should exceed a given number; butin order to make this investigation 
applicable to the general problem of periodicities we must proceed in a different 
manner. If the compartments are numbered—it does not matter in which order— 
and a curve be drawn in the usual manner representing the connection between 
the compartments and the number of balls in each, we may, by Fourier’s analysis, 
express the result by means of periodic functions. The amplitude of each period 


can be shown on the average to be 1 ,/rn. It is often more convenient to take 
m 


the square of the amplitude—call it the intensity—as a test, and we may then say 
that the ‘expectancy ’ of the intensity is 4n/m*. The probability that the intensity 
of any period should be /f times its average or expectancy is e~". We may apply 
this result to test the reality of a number of coincidences in periods which have 
been suspected. A lunar effect on earthquakes is in itself not improbable, as we 
may imagine the final catastrophe to be started by some tidal deformation of the 
earth’s crust. The occurrence of over 7,000 earthquakes in Japan has been very 
carefully tabulated by Prof. Knott according to lunar hours, who found the Fourier 
coefficient for the lunar day and its three first sub-multiples to be 10°83, 17-9, 10.9, 
3°97; the expectancy on the hypothesis of chance distribution for these coetticients 
I find to be 19°3, 15:7, 10-6, 5:02. The comparison of their numbers disproves the 
supposed connection; on the other hand, the investigations of Mr. Davison on 
solar influence have led to a result much in favour of such influence, the ampli- 
tude found being in one series of observations equal to five times, and in the other 
to fifteen times the expectancy. The probability that so large an amplitude is due 
to accident in the first case is one in 300 millions, and in the second the probability 
of chance coincidence would be represented by a fraction, which would contain a 
number of over seventy in the denominator. We may therefore take it to be 
established that the frequency of earthquakes depends on the time of year, being 
greater in winter than in summer. With not quite the same amount of certainty, 
but still with considerable probability, it has also been shown that earthquake 
shocks show a preference for the hours between 9 A M. and noon. 

A great advantage of the scientific treatment of periodical occurrences lies in 
the fact that we may determine @ prior? how many events it is necessary to take 
into account in order to prove an effect of given magnitude. Let us agree, for 
instance, that we are satisfied with a probability of a million to one as giving us 
reasonable security against a chance coincidence. Let there be a periodic effect of 
such a nature that the ratio of the occurrence at the time of maximum to that at 
the time of minimum shall on the average be as 1+) to 1—X, then the number of 
observations to establish such an effect is given by the equation » = 200/X?. 

If there are 2 per cent. more occurrences at the time of maximum than at 

LL2 
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the time of minimum A=0:01, and x is equal to 2,000,000, showing the large 
number of events required to prove an effect which is small. If the effect is 5 per 
cent. the number of events required to establish it is 80,000. 

To further illustrate these results, I take, as a second example, a suggested con- 
nection between the occurrence of thunderstorms and the relative position of sun 
and moon. Among the various statistical investigations which have been made on 
this point, that of Mr. McDowall lends itself most easily to treatment by the theory 
of probability. One hundred and eighty-two thunderstorms observed at Greenwich 
during a period of fourteen years have been plotted by Mr. McDowall as distri- 
buted through the different phases of the moon, and seem to show a striking 
connection, I have calculated the principal Fourier coefficient from the data 
supplied, and find that it indicates a lunar periodicity giving for the ratio of the 
number of thunderstorms near new moon to that near full moon the fraction 8:17 
to 4°83. 

This apparently indicates a very strong effect, but the inequality is only twice 
as great as that which we should expect if thunderstorms were distributed at random 
over the month, and the probability of a true connection is only about twenty to 
one. No decisive conclusions can be founded on this, the number of thunderstorms 
taken into account being far too small. We might dismiss as equally inconclusive 
most of the other researches published on the subject were it not for a remarkable 
agreement among them, that a larger number of storms occur near new moon than 
near full moon. 

I have put together in the following table the results of all investigations that 
are known to me. Following the example of Koeppen, I have placed in parallel 
columns the number of thunderstorms which have occurred during the fortnight, 
including new moon, and the first quarter and the fortnight, including the other 
two phases. 


Percentage of Thunder- 
storms doe po fort- 
f : night including 
Place of Observation and Author ame hed Dury - 
| New Moon New Moon 
and First and Last 
| Quarter Quarter 
Karlsruhe (Eisenlohr) . ; : 1801-31 50°8 49:2 
Gotha (Luedicke) . . : - 1867-75 | 725 27°5 
Vigevano (Schiaparelli) . “ sek 1827-64 | 46 54 
Germany (Koeppen) ; a 1879-83 56 44 
Glatz (Richter). . 3 || 1877-84 | 62 38 
United States (Hazen) . ; a | 1884 565 43°5 
Prague (Griiss) . : : aaa 1840-59 51 49 
x > : 3 5 : fe 1860-79 52°5 475 
Gottingen (Meyer) . : : ‘ 1857-80 54 46 
Kremsmunster (Wagner) 5 | 1862-87 53° 46°2 
Aix-la-Chapelle (Polis) . d : 1833-92 54-4 45°6 
Sweden (Eckholm) : é | 1880-95 | 53:8 46:2 
Batavia (v.d. Stock) . ; : 1887-95 | 51°9 48:1 
Greenwich (McDowall) . , sii 1888-91 54 46 
il tn 
Average . : =| 54:9 45-1 


—— 


It will be seen that out of fourteen comparisons thirteen show higher numbers 
in the first column, there being also, except in two cases, a general agreement on 
the magnitude of the effect. Two of the stations given in the table, Géttingen and 
Gotha, are perhaps geographically too near together to be treated as independent 
stations, and we may therefore say that there are thirteen cases of agreement, 
against which there is only one published investigation (Schiaparelli) in which the 
‘maximum effect is near full moon, 
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The probability that out of thirteen cases in which there are two alterna- 
tives, selected at random, twelve should agree and one disagree, is one in 1,200, 
When the details of the investigations summarised in the above table are examined, 
considerable differences are found, the maximum taking place sometimes before 
new moon and sometimes a week later. There is, however, apparently sufficient 
prima facte evidence to vender an exhaustive investigation desirable. ‘The most 
remarkable of all coincidences between thunderstorms and the position of the 
moon remains to be quoted. A. Richter has arranged the thunderstorms observed 
at Glatz, in Silesia, according to lunar hours, and finds that in each of seven 
successive years the maximum takes place within the few hours beginning with 
upper culmination. If this coincidence is a freak of chance, the probability of 
its recurrence is only one in 300,000. The seven years which were subjected 
to calculation ended in 1884. What has happened since? Eighteen years have 
now elapsed, and a further discussion with increased material would have defi- 
nitely settled the question, but nothing has been done, or, at any rate, pub- 
lished. To me it seems quite unintelligible how a matter of this kind can be left 
in this unsatisfactory state. Meteorological observations have been allowed to 
accumulate for years—one might be tempted to say for centuries—yet when a ques- 
tion of extraordinary interest arises we are obliged to remain satisfied with partial 
discussion of insufticient data. 

The cases J have so far discussed were confined to periodical recurrences of 
single detached and independent events, the condition under which the mathe- 
matical results hold true being that every event is entirely independent of every 
other one. But many phenomena which it is desirable to examine for periodic 
regularities are not of this nature. The barometric pressure, for instance, varies 
from day to day in such a manner that the deviations from the mean on successive 
days are not independent. If the barometer on any particular day stands half an 
inch above its average, it is much more likely that on the following day it should 
deviate from the mean by the same amount in the same direction than that it 
should stand half an inch below its mean value. This renders it necessary to 
modify the method of reduction, but the theory of probability is still capable of 
supplying a safe and certain test of the reality of any supposed periodic influence. 
I can only briefly indicate the mathematical theorem on which the test is founded, 
The calculation of Fourier’s coefficients depends on the calculation of a certain 
time integral. This time integral will for truly homogeneous periodicities oscillate 
about a mean value, which increases proportionately to the interval, while for 
variations showing no preference for any given period the increase is only pro- 
portional to the square root of the time. 

Investigations of periodicities are much facilitated by a certain preliminary 
treatment of the observations suggested by an optical analogy. The curve, which 
marks the changes of such variables as the barometric pressure, presents charac- 
teristics similar to those marking the curve of disturbance along a ray of white 
light. The exact outline of the luminous disturbance is unknown to us, but we 
obtain valuable information from its prismatic analysis, which enables us to draw 
curves connecting the period and intensity of vibration. For luminous solids we 
thus get a curve of zero intensity for infinitely short or infinitely long radiations, 
but having a maximum for a period depending on temperature. Gases, which 
show preference for more or less homogeneous vibrations, will give a serrated 
outline of the intensity curve. 

I believe meteorologists would find it useful to draw similar curves connecting 
intensity and period for all variations which vary round a mean value, such as 
barometric, thermometric, or magnetic variations. These curves will, I believe, 
in all cases add much to our knowledge; but they are absolutely essential if 
systematic searches are to be made for homogeneous periods, The absence of any 
knowledge of the intensity of periodic variation renders it, e.g., impossible to judge 
of the reality of the lunar effect which Eckholm and Arrhenius believe to have 
traced in the variations of electric potential on the surface of the earth. The pro- 
blem of separating any homogeneous variation, such as might be due to lunar or 
sunspot effects, is identical with the problem of separating the bright lines of the 
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chromosphere from the continuous overlapping spectrum of the sun, This sepa- 
ration is accomplished by applying spectroscopes of great resolving powers. In 
the Fourier analysis resolving power corresponds to the interval of time which is 
taken into account ; hence, to discover periodicities of small amplitude we must 
extend the time interval of the observations. 

I believe that the curve which connects the intensity with the period will play 
an important réle in meteorology. It is a curve which ought to have a name, and 
for want of a better one I have suggested that of ‘periodograph.’ To take once 
more barometric variations as an example, it is easy to see that just as in the case 
of white light the periodograph would be zero for very short, and probably also for 
very long periods. There must be some period for which intensity of variation is 
amaximum, Where is that maximum? And does it vary according to locality ? 
The answer to these questions might give us valuable information on the ditference 
of climate. Once the periodograph has been obtained, the question of testing the 
reality of any special periodicity is an extremely simple one. If 4 be the height 
of the periodograph, the probability that during the time interval chosen the 
square of the Fourier coefficient should exceed 4h is e~*. If we wish this quantity 
to be less than a million 7 must be about eleven; so that in order to be reasonably 
certain that any periodicity indicates the existence of a truly homogeneous varia- 
tion the square of the Fourier coefficient: found should not be less than eleven 
times the corresponding ordinate of a periodograph. ) 

I have calculated in detail the periodograph of the changes of magnetic declina- 
tion at Greenwich, taking as a basis the observations published for the twenty-five 
years, 1871-95. It was not perhaps a very good example to choose, on account of 
the complications introduced by the secular variation, but my object was to test 
the very persistent assertions that have been made as to the reality of periodic 
changes of 26 days or thereabouts. The first suggestion of such a period came 
from Hornstein, of Prague, who ascribed the cause of the period to the time of 
revolution of the sun round its axis. He only discussed the records for one year’s 
observations, but the evidence he offered was sufficient to impress Clerk Maxwell 
with its genuineness. Since Ilornstein’s first attempts a great many rough and 
some very elaborate efforts have been made by himself and others to prove a similar 
period in various meteorological variations. The period found by different com- 
putors differed, but there is a good deal of latitude allowed if the rotation of the 
sun really has an effect on terrestrial phenomena, because the angular velocity of 
the visible solar surface varies with the latitude. Hornstein himself and some of 
his followers deduced a period not differing much from 26 days, while Professor 
rank Bigelow, using a large quantity of material, finds 26°68 days, and Nekholm 
and Arrhenius return to 26 days, or, as they put it more accurately, to 25929 days. 
‘The two latter investigators do not, however, adopt the idea that this periodicity 
is due to the rotation of the sun. None of these periods can stand the test of 
accurate investization. 

As the result of my calculations I can definitely state that the magnetic decli- 
nation at Greenwich shows no period between 25:5 and 27°5 days having an 
amplitude as great as 6”, The influence of solar rotation on magnetic variation 
may therefore be considered to be definitely disproved. 

The intensity of the periodograph increases rapidly with the period, and minute 
variations are therefore more easily detected in short than in longer periods. Six 
seconds of arc forms about the limit of amplitude which can be detected in twenty- 
five years of observation when the period is about 26 days, and from what has 
been said above the amplitude which can be detected will be seen to yary inversely 
with the square root of the time interval. Tor periods of about 14 days an ampli- 
tude of 3” is still distinguishable with the material I have used, and such 
an amplitude is actually found for a period which has half the synodic month as 
its time. The chance that this apparent variation is due to an accidental coinci- 
dence is one in 2,000, and I cannot therefore assert its definite existence 
beyond all possibility of cavil. But it is surely significant that of all the periods 
possible between 12°3 and 13:7 days that gives the highest amplitude which 
coincides with half the synodi¢ revolution of the moon. That it is at all possible 
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to detect variations of 3’ in the observations which are taken to 6”, with a 
probability of error of only one in 2,000, is, I think, a proof of the value of the 
method and the carefulness of the observations. The periodograph has another 
valuable use. It not only gives us the time necessary to establish true periodicities 
of given amplitude, but it also gives us an outside limit of the time beyond which 
an accumulation of material is of no further advantage. That limit is reached 
when the time is sufficient to discover the smallest amplitude which the instrument, 
owing to its imperfections, will allow us to detect. 

Iam only concerned to-day with a purely statistical inquiry, and not with the 
explanation of any suggested relationship. To prevent misunderstandings, how- 
ever, I may state that I consider the possibility of a direct magnetic or electric 
action of the moon excluded. As regards the latter the diurnal variations’ of 
electric potential would be so strongly affected by a lunar electrification sufficiently 
strong to influence the outbreak of thunderstorms that it could not have escaped 
discovery. We must not, however, be dogmatic in asserting the impossibility of 
indirect action. The unexpected discovery of radio-activity has opened out an 
entirely new field, and we cannot dismiss without renewed careful inquiry the 
evidence of lunar action which I have given. Its reality can be decided by obser- 
vation only. No, not by observation only, but by observation supplemented by 
intelligent discussion; and this brings me to my concluding appeal, which I wish 
to urgs upon you with all the legitimate weight of strong conviction and all the 
illegitimate influence of presidential infallibility. 

The subjects with which our sub-section is concerned deal with facts which are 
revealed to us by observation more frequently than by experiment. There is, in 
consequence, a very real danger that the importance of observation misleads us 
into mistaking the means for the end, as if observation alone could add anything to 
our knowledge. Observation is like the food supplied to the brain, and knowledge 
only comes through the digestion of the food. An observation made for its own 
sake, and not for some detinite scientific object, is a useless observation. Science 
is not a museum for the storage of disconnected facts and the amusement of the 
collecting enthusiast. I dislike the name ‘observatory’ for the astronomical work- 
shop, for the same reason that I should dislike my body to be called a food 
receptacle. Your observing dome would be useless without your computing room 
and your study, What you want ‘s an astronomical laboratory, a meteorological 
or magnetic laboratory, attaching to the word ‘laboratory’ its true meaning, 
which is a workshop in which eyes and hands and brain unite in producing a 
combined result. 

The problems which confront the astronomer being more definite than those of 
meteorology, astronomy has grown under the stimulus of a healthy tradition. 
Hence it is generally recognised, at any rate in the principal observatories, that 
the advance of knowledge is the chief function of the observer. Nevertheless the 
President of the Astronomical Department of Section A last year (Professor H. H. 
Turner) has found it necessary, in his admirable Address, to warn against the 
‘danger there is that the astronomer should allow himself to be swallowed up in 
routine work and mere drudgery. 

The descent is easy: you begin by being a scientific man, you become an 
observer, then a machine, and finally—if all goes well—you design a new eyepiece. 

If such a danger exists in astronomy, what shall we say about meteorology ; 
That science is bred on routine, and drudgery is often its highest ambition. The 
heavens may fall in, but the wet bulb must be read. Observations are essential, 
but though you may never be able to observe enough, I think you can observe too 
much. I do not forget the advances which meteorology has made in recent years, 
but if you look at these advances I think you will find that most of them do not 
depend on the accumulation of a vast quantity of material. The progress in some 
cases has come through theory, as in the applications of thermodynamics or 
through special experiments, as by kite and balloon observations, and when it has 
come through the ordinary channels of observation only a comparatively short 
period of time has been utilised. It would not be a great exaggeration to say that 
meteorology has advanced in spite of the observations and not because of them. 
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What_can_we do to mend matters? If we wish to prepare the way for the: 
gradual substitution of a better system, we should have someone responsible for 
the continuation of the present one. For this purpose it should be recognised that 
the head of the Meteorological Office is something more than a secretary to a board 
of directors ; also that he is appointed to conduct meteorological research and not 
to sign weather forecasts. The endowment of meteorology should mean a good 
deal more than the endowment of the telegraph office which transmits the obser- 
vations. Terrestrial magnetism and atmospheric electricity are at present looked 
after by institutions already overworked in other directions, and should be handed 
over to an enlarged department of meteorology. 

Seismology in this country at present depends on the private enterprise and 
enthusiasm of a single man, and as long as Professor Milne is willing to continue « 
his work we cannot do better than leave it with him, but some permanent pro- 
vision will ultimately have to be made. 

An improved organisation such as I have sketched out would do good, but 
could only very slowly overcome the accumulated inertia of ages. I should prefer 
a more radical treatment. Organisation is good, but sometimes disorganisation 

‘is better. 

Most earnestly do I believe that the subjects of meteorology and terrestrial 
magnetism, and possibly also of atmospheric electricity, could be most quickly 
advanced at the present moment if all observations were stopped for five years, and 
all the energy of every observer and computor was concentrated on the discussion 
of the results already obtained and the preparation of an improved scheme of obser- 
vation for the future. When we have made up our minds what to do with the 
observations ; when we have actually done it; when we know where our present 
instruments require refining or supplementing ; and especially when we have found 
out whether we have not spent much time and trouble on unnecessary detail, then 
the time will have arrived for us to draw up an economical, sufficient, and efficient 
scheme of observations. At present we are disinclined to discontinue observa- 
tions, though recognised as useless, for fear of causing a break. We make ourselves 
slaves to so-called ‘continuity,’ which is important, but may be, and I believe is 
being, too dearly purchased. 

There are no doubt some, though probably not very many, observations which 
it is necessary to carry on continuously over long periods of time. But at present 
we are groping in the dark, and go on observing everything, and always in the 
hope that at some time the observations may prove useful. Our whole point of 
view in this respect wants altering. We should fix on our problem first and then 
provide the observations which are necessary for the solution of the problem. If 
for some definite purpose it isadvisable to establish special observatories, let us not 
be afraid to do so, but especially let us not be afraid to discontinue the observatories, 
when the purpose for which they have heen established has been served. Let us 
restrict, in the first instance, the secular observations to the smallest number, and 
concentrate our attention, for short periods of time, on some special question. Let 
us have, for instance, two or three years of thunderstorm observations, all countries 
joining in concentrating their energies to the elucidation of all the various 
features of their phenomena. When that is accomplished it will probably be found 
that thunderstorms may be left to shift for themselves for a while, and attention 
directed to some other matter. The whole question of lunar influence on 
meteorological phenomena might be settled in a comparatively short space of time 
if the civilised countries of the world could agree to record all observations during 
a few years according to lunar insiead of solar coordinates. Other problems will 
readily suggest themselves to you, and several might possibly be dealt with 
simultaneously. 

The great reform I have in view is this: Befcre you observe make sure that 
your observations will be useful and will help to answer a definite question. 

Though my frankly outspoken criticisms may not command universal assent, I 
hope you will agree that there is some foundation for them, and if so, the time 
is obviously not well chosen when observational science can be separated from its 
mathematical and experimental sisters, We hope that cosmical physics may 
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remain an integral portion of Section A, and though we acknowledge our weak- 
nesses we claim to have also something to teach. 

I hope our proceedings this week may show that we can put aside observa- 
tional detail and throw some light on the great and important problems with 
which our science is concerned. 


Discussion on the Nebula surrounding Nova Persei, opened by A. R. 
Hinks with an Exhibition of some Photographs from the Yerkes and 
Lick Observatories. 


The following Papers were read :— 


1. New Solar Radiation Recorder, By Dr. W. E. Wison, F.R.S. 


Professor Callendar has used with his well-known electric recorder a form of 
receiver for solar radiation which consists of two coils of platinum wire wound 
onamica frame. One of the coils is bright and the other black ; they are protected 
from the rain by a glass shade. These two coils are the two arms of a Wheatstone 
bridge, and the balance is upset by the sun warming the black coil more than the 
bright. There are two disturbing factors in this form of receiver which are diffi- 
cult to eliminate. First, the varying angle of the sun above the coils, which are 
fixed horizontally ; and secondly, the amount of radiation received from the entire 
sky. This is constantly changing from the amount of cloud and haze present. 
To overcome these difficulties I have had a receiver made in which the coils are 
kept normal to the sun all day, and both coils are black and are sealed up in a 
vacuum tube. One of the coils alone receives the solar radiation, and that only 
from the sun, and a very small region of the surrounding sky. It was found that 
with the Callendar form of, receiver it was quite impossible to calibrate the 
readings of the recorder with Angstrém’s phyheliometer, but with the new receiver 
the results can be accurately determined in calories per sq. cm. per minute. 


2. Search for ultra-Neptunian Planet. By Dr. W. E. Wiuson, F.R.S. 


Last year at the meeting of the British Association at Glasgow Professor G. 
Forbes, F.R.S., read a paper in which he pointed out the possibility of there being 
an ultra-Neptunian planet. 

Tn 1880 he made his first communication to the Royal Society of Edinburgh 
and pointed out that as Jupiter and Neptune have each a distinct group of comets 
whose aphelia lie close to their orbits, so in the same way there were two come- 
tary groups which indicate that there were two planets beyond Neptune, one of 
which was at about one hundred times the mean distance of the earth from the 
sun. Dr. I, Roberts made a search for the planet in the position then computed 
by Forbes, but with a negative result. Since then Professor Forbes revised his 
calculations, and considered some points which he thought greatly strengthened 
his supposition in the reality of the unknown planet. He asked me to undertake 
another search for him with my 24” reflector. This I gladly agreed to do, but I 
found that the field of the reflector was so small, the number of plates that it 
would take to cover the field so large, and the weather of this country so hope- 
less, that the work could not be done in a year. Sir David Solomons, Bart., 
then kindly offered to lend us a fine 6” portrait lense of 28’ focus. I had 
a camera made for this to take plates 83 x 63, and it was bolted to the tube of the 
24” reflector. In May 1901 we took with this lense a sufficient number of plates 
to cover a region along the ecliptic each side of the theoretical place of the planet. 
Last February a second series of plates were taken in the early mornings before 
sunrise of the same positions, and these plates. were superposed upon those of May 
1901 and carefully examined for the planet, but I am sorry to say with a negative 
resylt. The plates all got with the full aperture one hour’s exposure, so that 
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unless the planet is a very faint one it ought to have been impressed on the plates. 
The planet Juno, although I did not know that it was in the field, was found at 
once. Although this search has been a negative one, it is, I think, a remarkable 
thing that both Dr. Todd of America and Professor Lau of Holland point out 
from the perturbations of Uranus the position of an ultra~-Neptunian planet which 
is very close to the position given by Forbes. In fact, the plates taken by me, 
and which cover a region each side of the ecliptic from R.A. 10" 50™ to 14°, 
take in all these three positions. 


3. Minimum Sunspots and Terrestrial Magnetism. 
By the Rev. A. L. Cortiz, S.J., PRAS. 


| | Greenwich Stonyhurst | 
maine | Mean Sake DISC i) | ssa ee aaa ae | 
Number | Beginning ub D Ten ; | eee | Greatest | 
Spots | Facule Diurnal Range Dawn ange! 
| H 
aio |) T8909) Jan, to | aul 399 | 107 °°") 32:0 | 
607 Pee N epee eo rlht yl ADO 15°5 PAS lathes 1) 
608 » Mar. 10 38 Dig) "| 16-2 | B75 / 
609 Sue <0: | Oy ies Ca <a Uae A 154 296 
610 Vast Es ge SR a a | g27) 200 375 | 
611 ye May ae || Gye iod Qe x} 127" oii #| 205) M4 
612 inne VIM a7 Sie | ecaloiien| 15°6 | 65:0 | 
613 » duly 24 448 439 | 12:6n hal 2 1sfit sea 
614 ee a Pi varl| sov84be. 5I ey Gare 18°6 
615 as Septn LT wink Bei ad wel 12:8.) | 23:Brvi bs wl 
616 vcd DOtssolberey| 54. 160 U7 itl 450 | 
617 ats A ia as aa is a 99. | 250 4 
Eline lane aanit eCwies lhce. ae ee 
619 | 1900, Jan. 4 99 | 161 12-4 | 36:0 
620 » dan, 31 fgg "7 4307 | Foe 30°5 
621 » Feb, 28 ioe tl ee ths aot Te ve 40-0 
622 | » Mar. 27 Tot | poet 10°8 17-0 
623. | » April 23 253 3ro° | Leet 520 
624 | »» May 21 91 Bay 105 | 140 
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630 woltOats. Sle wi HB: o:i3 66. | 59 | 105 | 
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633 1901, Jan. 21 ee 13 69 19:0 
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Mr, Ellis has proved, from observations extending over the period 1841-1896, 
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the strict concordance between the curves of sunspot frequency and those of the - 
diurnal range of the declination and horizontal force magnets as to period and 
intensity. Lord Kelvin has proved theoretically that such concordance is not the 
outcome of efficient cause and effect. Father Sidgreaves has proved the same: 
observationally from a detailed study of the greater solar and magnetic storms for ° 
the period 1881-1896, and advances a theory according to which the two phenomena 
are effects, and not necessarily conjoined, of one common cause. Professor Young 
contends that ‘solar disturbances are not the cause of our magnetic storms, but 
only the cause of some of them,’ meaning by ‘a cause’ an instrumental cause which 
releases the potential energy that directly affects the magnets. To examine this 
position a detailed study of the spots and faculz on the sun and the diurnal range 
of the declination magnet has been made for the years 1899-1901, covering the 
minimum period of sunspots and magnetic storms, as the unravelling of the various 
storms and the perception of the concurrence of the two phenomena, if any, is 
rendered easier during such a period. The table prepared gives the mean daily 
disc-area for spots and faculz for the thirty-eight solar rotations covered by the 
period under review, taken from the Greenwich records, and in ‘parallel columns 
are also set out the mean daily diurnal ranges of the declination magnet and the 
ereatest swing for each rotation. This table shows the existence of great anomalies 
between the sunspot and magnetic records. A detailed comparison of the greater 
spots on the sun and the greater magnetic movements only serves to confirm the 
existence of these departures from exact accord. The greatest spot of 1901, that 
of May 19-June 26, which was coincident with an unusual disturbance noticed 
in the solar corona on May 18, and was responsible for 74 per cent. of the total 
spotted area for the year, had no concordant greater magnetic movements ; and, on 
the other hand, a greater magnetic movement of April 10, 1902, took place at 
a time of absolute solar calm. It is yet possible that solar spots are one of the 
instrumental causes of magnetic storms, but it is more likely that the two 
phenomena are correlated as connected, though sometimes independent, effects of 
one common cause. 


SATURDAY, SEPTEMBER 13, 


The Section did not meet, 


MONDAY, SEPTEMBER 135. 


DEPARTMENT ],— MATHEMATICS. 


The following Report and Papers were read :— 


1. Report on the Present State of the Theory of Point Groups.. 
See Reports, p. 81. 


2. On the Partial Differential Equations of Mathematical Physics. 
By KE. T. Wuirraxer, J/.A, 


The principal results contained in this paper were the following :— 


1. The general solution of Laplace’s equaticn 


av OV aV_ 
oe ay toe” 
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v-| F (+22 cos uw + zy sin u, u) du 
0 
where f denotes an arbitrary function of the two arguments «+ 7x cos w+ iy sin u 
and wu. 

2. The particular solution of Laplace’s equation in terms of Legendre functions, 
namely, 


r” P™ (cos 8) cos mp ; 


where 1, 6, p are polar coordinates corresponding to the rectangular coordinates, 
2, Y, % 18 a multiple of 


20 
| (g+2x cosu + zy sin xu)” cos mu du 
0 


3. The particular solution of Laplace’s equation in terms of Bessel functions, 
namely, 
& Jn (kp) cos md ; 


where =, p, p are cylindrical coordinates, is a multiple of 


‘Qar 
i e k(z+ixcosu + iysinu) cos mu du 


4, The general solution of the general partial differential equation of wave- 
motions 


OV OV, OV _ 2. 0°V 


a2 * Opt oe Oe 


Qa Cr 
5 . - t 
Vv -| | (a sin 4 cos V+ y SiN uw Sin? + % COS u+ ze v) du dv, 
oJo ¥ 


where f denotes an arbitrary function of the three arguments 


; ' : f t 
wsinwcosv+ysinu sin v+z2 cosut+s, Uw, and », 
5, The general solution of the equation 


OV OViey ie ov 


efi A bh us 
O2® Oy? ~ Oz? Ot?’ 
as found in 4 can be expressed as a sum of particular solutions, each of the type 


F(A, u, v) cos A(w sin wcos v + Y sin wSIN V+ 2CO8Uu+ 4) \ 


and each of these particular solutions can be interpreted physically as a simple 
uniform plane wave.! 


3. The Longitudinal Stability of Aérial Gliders. 
By Professor G. H. Bryan, Se.D., FBS. 


One of the most difficult questions connected with the problem of aérial naviga- 
tion is the longitudinal stability of a machine supported on aéro-planes and 
aéro-curves. In this paper the author investigates the general conditions of 
stability for a gliding machine of any form, moving in a medium whose resistance 
follows any law whatever. The problem may be thus enunciated: A body is 


! The work will appear in ewtenso in the Mathematische Annalen, 
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descending under gravity with uniform velocity in a straight line inclined at an 
angle a to the horizon in a resisting medium, the body being symmetrical about a 
vertical plane containing the line of descent; is this uniform rectilinear motion 
stable or unstable for small displacements in the vertical plane of motion? 
Choosing two rectangular axes through the centre of gravity, fixed in the body, 
the motion is defined by the velocity components wu, v of the body, and the angle, 6, 
which one of the axes makes with the vertical at any instant. The resistances of the 
medium are reducible to forces X, Y along the axes and a couple, G, about the 
origin, all of which are functions of u,v, and dé/dt. The equations of motion 
being written down, the conditions for steady motion are obtained by putting 
u,v, and @constant. If letters with the suffix 0 refer to steady motion the small 
oscillations or other motions in the neighbourhood of the steady motion are 
obtained by writing wu =u, +du, v=v, + dv, 0=6,+856, where dz, dv, 64 are small, 
and the corresponding expressions for the resistance-components are expressed 
in the form 
2 dX dX , aX! ,_ dO 
X=X,+du du + dv = +66 a? where 6 = 
By putting du, 5v, 54 each proportional to e” and eliminating it is found that the 
values of 7 are determined by an equation of the fourth degree, and the character 
of the small motions in the neighbourhood of the steady motion depends on the 
nature of the roots of this biquadratic. In order that the steady motion may be 
stable, the roots of this equation must all have their real part negative, and this 
leads to five equations of condition which have been given by Routh in his essay 
on ‘Stability of Motion.’ Without going into numerical calculations the biqua- 
dratic character of the equation in » shows that a gliding machine may perform 
undulatory motions decreasing in amplitude corresponding to roots of the biqua- 
dratic with their real parts negative, and giving the impression that the machine 
is longitudinally stable; but there may be other roots corresponding to unstable 
motions which may cause the machine unexpectedly to capsize. The conclusion to 
beinferred from these results is that the future development of the problem of 
wight lies in the mathematical calculation for different types of machine of the 
quantities on which longitudinal stability depends, and that until aéronants have 
fully worked out the mathematical investigations here sketched in outline it is useless 
for them to spend their money and risk their lives in further experiments with 
gliding machines. 


4. On Map-colouring.| By Professor A. C. Dixon, Sc.D. 


The number of ways, N, in which any given map can be coloured with four 
colours can be determined when this number is known for simpler maps. 

Let N,» . ., denote the number of ways in which the map can be coloured when 
simplitied by throwing two or more provinces a, ... into one. Then the 
following formule hold good, and one of them can always be used :— 

When a is triangular and is adjoined by 4, ¢, d, 


N=Nw=Noac=Naa- 

When a is quadrilateral and adjoined by 4, ¢, d, e, 
N =Noaat Noae: 

When a is pentagonal and adjoined by 4, ¢, d, e,.f, 


N= Neay rE Neae as Naas Fe Na F 
= four other similar expressions. 


The formule do not decide the question whether N is always >0, 
If solid space is divided into compartments in an arbitrary way there is no 
limit to the number of colours needed to distinguish them. 


1 The paper will be published in the Messenger of Mathematics. 
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5. Onthe Newtonian Potential. By Professor A. C. Dixon, Se.D, 


A vector 7X +7Y+4Z in which X, Y,Z are functions of X, Y,Z, and which 
is reduced to zero by the operator v, appears to be at least one of the analogues 
for three-dimensioned space of a function of a complex variable. 

If such an expression is called a Hamiltonian function, then triply periodic 
Ifamiltonian functions can be readily constructed. The expression 


> > fy [Ae —DP, Y-YJ, 2-1, My Mg, M5) 


M,=—D My=—H My=—B 
—F (Xo —Ps Yo Vy Ho 75 My May Ms) fe ~Por Y= Jor ZN yy Myy Myy Ms) 
+f (ry —Po Yo Vo Ry Moy My, Ma, m;) | 
where 


ame FT (2) Ys Sy Mjy Moy Ms) 
enotes 


of ce = Ma, — Ma, — Ma)? + (y—m,B, MB, — m,8,,)? 


Bl 
+ (8= My, — Mayo — mays) | : 


is such a function. It has two isolated affinities of the simplest kind at (p, q, 7) 
(Por Jor “) And an arbitrary zero (vy, Yo, %), and by means of it other functions 
“with more complicated singularities can be constructed. 

In the theory which corresponds to that of the functions on a Riemarn surface 
‘the use of Hamiltonian functions does not appear to lead to the simplest results, 
‘the reason being that y is not invariant in regard to inversions. It seems better 
to take as analogous toa pair of conjugate functions two things of different nature, 
‘one being a simple and the other adouble integral. Constant quantities lose their 
unique position and have to be considered as having a simple singularity at 
‘infinity in each sheet. The sheets are infinite coextensive spaces of three dimensions 
‘and are connected by doors which may be of various shapes. Circuits are of two 
kinds, one-dimensioned and two-dimensioned ; to bar one of either kind one of 
the other kind must be added to the boundary. 

On account of the disappearance of constant quantities there is nothing 
properly corresponding to the Abelian integrals of the first kind. The normal 
elementary potential of the second kind exists and will doubtless be the foundation 
of the theory, much of which is still to be worked out. 


6. Lhe Discriminant of a Family of Curves or Surfaces.' Ly Professor 
Bromwicu, J/.A., and R. W. H. T. Hupson, JfA. 


This investigation contains all the simple results relating to the discriminant 
of a family of algebraic curves or surfaces which can be obtained without unduly 
specialising the family. The chief new results are connected with the question of 
osculating contact between the discriminant and some or all of the members of 
the family of curves. The ease with which properties of the discriminant may 
be demonstrated depends on the use of a notation which, as it does not involve 
the coordinates explicitly, is applicable.to both two and three dimensions. The 
equation of the variable curve or surface is expanded in terms of the parameter ¢ 
in the form 

WHA+Bt+Ce+ ... +Kt=0 


and each of the polynomials A, B . . . is subdivided into homogeneous polynomials 
of degrees indicated by their sutlixes; thus A=A,+A,+A.+ .... The origin 
being taken on the discriminant we have A,=9, B,=0. The following theorems 


1 Quarterly Jowrnal, vol. xxxiv. p. 98. 
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express the relation between the discriminant and the surface or curye A =0 near 
the origin. : 
(1) In general the shape of the discriminant is given by 


02A,+A,—2 B,C, 


showing that the discriminant and the surface A have a common tangent plane 
A, =0; further if A,=0 both surfaces have conical points and the tangent cones 
touch along two generators. The same algebra when interpreted in two dimeri- 
sions proves that the discriminant is an envelope, and that if it happens that the 
enveloped curve has a node at its point of intersection with the envelope, then tle 
latter also has a node with a different pair of tangents in general. 

(2) If C,=0 the discriminant is 


0=A,2+2.A,P,4+4,B3/D,+ ... 


showing that in space the curve y=0, ¥,=0, Wu =0, is a cuspidal edge, atid in 
the plane these points are cusps on the discriminant. Similarly it may be proved 
that the discriminant surface has a nodal line and the discriminant curve isolated 
nodes. 

(3) If B, =A, the leading terms in the discriminant are 


A,+A,+A,+A,—7 (B,-AA,)7/C, 
which indicates that, in the plane, at isolated points of the envelope given by 


v =0, vi =0, voby > Vin 


the contact is of the third order, with a corresponding result in space. 
(4) If C,=0 and D,=0, which happen at isolated points of the discriminant 


surface given by 
¥=0, Wi=0, Pu=0, Pir=0, 


three sheets of the surface have a common tangent plane, and the point of contact 
is a stationary point on the cuspidal edge, lying also on the nodal line. 

Necessary and sufficient conditions that the envelope of a family of plane 
curves may osculate one member are found to be Bi=AAji, Cy=0; or, in other 
words, that it should be possible to find 2, y, ¢ to satisfy 


v =0, Vv: = 0, Vz Vy = vy, Yo Vu =0, 


and then the discriminant has two branches, each osculating the cut've at this 
point. The case in which one of these branches is the enveloped curve is 
discussed. 

When the conditions 


vy =0, v. =0, vu=9 


are satisfied at all points of a curve, this curve is an osculating envelope and occurs 
as a squared factor of the discriminant. In the case of the family of circles ot 
curvature of a curve the discriminant contains as factors all the superosculating 
circles and the point circles at the foci and the curve itself as a squared factor. 

These theorems in ccnnection with plane curves are discussed also in a geo- 
metrical manner. One method consists in taking the parameter as a_ third 
coordinate and projecting the surface so obtained by rays parallel to the third 
axis. Another method is to regard a curve as a succession of near but isolated 
points, and in this way some easy intuitive proofs are given, which require, how- 
ever, to be supplemented by more rigorous investigations. Finally, the analytical 
method is applied to obtain the usual results in connection with node- and. 
cusp-loci. 
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7. Matrix Notation in the Theory of Screws. 
By R. W. H. T. Hupson, IZA. 


In this paper it is shown how the six coordinates of a screw may be arranged 
in the form of a four-rowed skew matrix, and that for many purposes the screw 
and also the corresponding infinitesimal linear point transformation may be 
represented by this matrix. Instances of this representation are given, and it 
is shown that the matrix PQ—QP represents a screw whose axes (in the language 
of elliptic geometry) cut those of the screws P and Q at right angles, and is con- 
nected with the displacement resulting from a succession of half-turns about P 
and Q in case these represent lines. ‘The Peterson-Morley theorem, that the 
common normals of opposite sides of a rectangular skew hexagon have a common 
normal, is reduced to an identity among these matrices which corresponds to 
Jacobi’s identity in the theory of continuous groups. The notation is useful in 
condensing the formule obtained in extending Darboux’s theory of rotations 
depending on two parameters w, 7, the chief results being expressed by the 
equation 


oe a+ PQ-QP =0, 


where Pdu + Qdv is the matrix of the instantaneous screw. 


8. On Pluperfect Numbers. By Lieut.-Colonel ALuan Cunnincuam, R.Z. 


If fN denote the sum of the divisors of N (including both 1 and N), then N 
is called Pluperfect if f N + N-=p (an integer >2). A table of 86 even Pluper- 
fects (P) is presented, of which 66 (computed by the author) are believed to be 
new. 

A simple (somewhat tentative) method of evolving them has been found, viz. 
P=21-1.M,.F, where M,=(2!- 1), and the form of F is suggested by M,. One 
or more Pluperfects have been found for every value of g up to 39, except 33, 
35, 386; also for g=45, 51,62. Some are very large numbers, containing more 
than twenty different primes; the largest is 


P=25!,M,.F, where M,=(2%—1).3. "+1 
F=8".5'.7?.11.13.19?.23.69.71.79.127 . 157. 879. 757 . 43,331 . 8,033,169. 


No odd Pluperfect has been found. Among even Pluperfects— 


1. None has been found of order p >6. 

2. Only one of order » =3 has been found to arise from any one base (22-"), 

3. From any one base (2!~') only two different orders (u, »’) of Pluperfects 
have been found, viz. either (3, 4) (4, 5) (5, 6). 


Two kinds of gzuple relations are found to exist between the orders (py, pe’) of 
two sets of P where P,,: P’, is constant, viz. { 
If P,=27,-'.X,.f, P'r= 21-1. X,.f', where f, 7", and all the X,’s are odd, 


Py LPs te ee 

PP, Pi! f 
then also ane Sith a Hmette wiere v= [fifa fff 
) By fy By 


provided f and f’ are prime to every X,. 
Hence (1) if »=»’, then every w,=y’,; (2) if p,=p,=&c.=p,, then wep, 
TGC 


! Messenger of Mathematics, vol, xxxii. p. 61. 


TRANSACTIONS OF SECTION A. 229 


Hence, in either case, if one set (P, P,, &c., P;) be given, and also f, f’, the 
other set becomes known. 

Also a simple relation exists between P,,, Py where P,,=2*7-. M,,.F, 
Pig = 270’. Mav. F’; then will p=y' (if g=g' +2), and F=L,.F’, provided 
q, M,, L,; ¢', My, Ly be ali prime and prime to F, F’, where M,=27—1 and 
L,=4 (27+ 1). 

Hence if P,.. be given, P,, is also known—Ex, (9’, g)= (5, 7) or (17, 19) 


9. On a Practical Rule for finding the Perimeter of an Ellipse. 
By Tuomas Moutr, C.M.G., PRS. 


10. The late J. Hamblin Smith’s Rule for the Decimalisation of English 
Money.' By J. D, Hamitron Dickson, 


To divide by 96 is equivalent to multiplying by the series 2 a Pe &y “thle ate 
The late Mr. J. Hamblin Smith discovered a remarkable application of this to 
converting shillings and pence into decimals ofa £. Starting with the two known 
first steps, namely, ‘multiply the shillings by 5 and write the result in the first 
two places after the decimal point, then multiply the pence and + pence by 4 
and add the result (increased by | for 6d. or over) to the second and third places 
after the decimal point,’ he proceeds thus: ‘ Multiply the last two decimals found 
at any stage of the process, after the first three have been obtained as above, 
by 4, tale the digit in the ten’s place of the product, append it to the decimals 
already found as the next decimal, and repeat the process; with the proviso that 
should the 4-product end with 48, 68, or 88, the digit in the ten’s place is to be 
taken as 5, 7, or 9 respectively.’ For example, 2/, 7s. 73d. gives at successive 
steps 2°382, (4 x 82 =328 hence) 2°3822, (4x 22=88 hence by proviso) 2°38229, 
(4x 29=116 hence) 2°382291, then 2'3822916, and now 6 repeats, so that the 
result is 2°3822916/. 

A simple extension of the rule meets the case where (odd) eighths of a penny 
come into the sum of money. Calculate the first four places of the decimal for 
the sum which is one-eighth of a penny less than the given sum, zow add 5 to 
the fourth decimal place (carrying unit to the third decimal place if necessary), 
and proceed according to the ordinary rule, 

The conyerse of these operations is obvious, only three (or in the last case 
four) decimal places being necessary to get the answer correct to farthings. 

For any divisor near and less than 100 (say from 99 to 98) a similar process 
is applicable, with a suitable change of the multiplier 4. Further, the process is 
applicable to any dividend by a slight extension of the list of provisos. The rule 
is, to divide any number by one of these divisors (say 97), multiply the last two 
digits of the quotient found at any stage of the process by the associated multiplier 
(here 3), add the digits in the ten’s and unit’s places of the product to the next 
two following digits of the dividend, considered as being in ten’s and unit’s places 
as they stand, take the digit in the ten’s place of this sum and append it to the 
part of the quotient already found, thus extending the quotient by one digit, then 

repeat the process ; subject to the proviso that if the last two digits in the sum 


97 
68, 78, 88, 98 
39, 49, 59, 69, 79, 89, 99 


+ 


be contained in the annexed table (for 97), the new digit to be added in the 
quotient is to be 4, 5, 6, 7, 8, 9, ¢ respectively, where tis 10. There are similar 
tables for other divisors. 


1 Transactions Edinburgh Mathematical Society, 1902-1903. 
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The origin of these limitations is easily found ; the limitation 78 (say), which is 
to be read ‘seven hundred and eighty something,’ is already, at 780, more than 
& x 97 =776, therefore instead of 7 write 8 as the next digit in the quotient. 

Again, these limitations are closely connected with the usual long division 
process as shown below. It will be noticed that, in general, the digit in the ten’s 


97)67001312(690735 
582 
880 
873 
071 
O0U 
713 
679 
341 
291 


502 
485 


place of each remainder (before bringing down the next digit of the dividend) is 
the next digit in the quotient, unless altered by the limitations, [These are put 
in heavier type for clearness. ] ; 

Mr. Hamblin Smith noted that the process is true for any factor of sucha 
divisor. Thus to divide by 33, the associated multiplier is 1, and the quotient can 
be instantly written down; to divide by 7, 14, 49, the multiplier is 2, which 
recalls the decimal for 4. 

The process is capable of even further extension; as, for instance, to such 
divisors as 997, or 103 with a slight alteration. 


1l. A Theorem in Determinants. By A, A. Ross. 


DiPARTMENT II.— Pirysics. 
The following Papers were read :— 


1. Note on the Variation of the Specific Heat of Mercury with Tempera- 
ture: Experiments by the Continuous-flow Method of Calorimetry. By 
Howarp T. Barnes, J/.A.Sc., D.Sc., and H. Lester Cooks, B.A, 


Since the communication to the Royal Society in 1900 of the work of one 
of the authors on the specific heat of water it has been possible to continue the 
experiments by the continuous-flow method of calorimetry to the case of mercury. 
These measurements, which include an interval of temperature between O° and 
90° C., have been carried out with essentially the same apparatus as previously 
used for water, and with the same electrical standards. ‘The first determinations 
which were made for mercury by this method were made by Professor Callendar 
and one of the authors during the summer of 1897, just previous to the Toronto 
meeting of the British Association. The results then obtained with our prelimi- 
nary apparatus were entirely revised and recalculated three years later. It was the 
intention of one of the authors to include them in his paper on the specitic heat 
of water, since they afforded a most satisfactory verification of the theory of the 
method, Deeming it advisable, however, to redetermine the value of the specific 
heat, and ta extend the experiments aver as large a range of temperature as possible 
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with more refined apparatus, it was decided to reserve the publication until later. 
These results, which were obtained from our preliminary experiments, stand in 
close agreement with the authors’ later results, the error being less than one part in 
1,000, although carried out with different electrical standards and a calorimeter 
differing materially in design from the one recently employed. 

The present series of experiments was made with a calorimeter in every way 
similar to the ‘ water’ calorimeter described by Professor Callendar and one of 
the authors,! with the exception that the flow tube was smaller in bore. The rest 
of the apparatus was essentially the same with a few minor changes. 


Preliminary Results. 


These results, obtained in 1897, we reproduce here through the courtesy of 
Professor Callendar, who was one of the observers at that time. They were ob- 
tained with jacket circulation system, without temperature regulator, so that 
observations taken at the temperature of the laboratory only could be successfully 
carried out. The calorimeter employed had a flow tube 1 metre long and 
1 mm. in diameter coiled ina spiral as described by Professor Callendar.2 The 
thermometers were pair A described by one of the authors.? The Clark cells were 
S, and 8., and the resistance standard was one of the manganin coils described in 
section 3 6, supra. 

The only three determinations made at room temperature are as follows :— 


Date | Mean Temperature Js. | Ss. 
July 9, 1897 25:0 13898 | 033174 
op es - ; 27-4 13899 033177 
2 are 28-0 “13900 | 033179 


Recent Results. 


The later results were obtained with improved apparatus. The calorimeter 
had a flow tube about 1 mm. in diameter and 45 cm. long. The thermometers 
were pair E. 

The mica frame resistance standards and Clark cells X, and X , were used. 
Redeterminations were made of the value of the resistances im terms of the 
standard platinum-silver coils in the possession of the laboratory, which showed 
that they had remained unchanged to one in 100,000 since the series of tests taken 
for the measurements for water, and already described. The Clark cells were 
found to have lowered a little in value since 1900, and a correction was necessary 
in order to reduce to the mean of a number of new cells. The history of these 
original crystal cells, made in 1895, to which X, and X,, belong, shows that from 
comparisons with new cells made from time to time they have steadily lowered 
in value. A new comparison was also made to several Weston cadmium cells. 
There is no reason to doubt that the values assumed for the electrical standards 
are the same as those assumed in the measurement of the specific heat of water, to 
much better than one in 10,000, The thermometers were also recalibrated severa 
times, as well as further determinations made of the box coil corrections. Hence, 
even assuming that any error exists for the values assigned to the units used in 
the calculations for water, the specific heat of mercury may be expressed from 
these measurements in terms of water, and any possible error eliminated from the 
relative value. Since also the same apparatus has been used, and as far as possible 
the same experimental arrangements, systematic sources of error in the method are 
to a large extent avoided. 

The absolute values of the thermal capacity of mercury are given in the 


1 Brit. Assoc. Rep., 1898. 
2 Phil. Trans., vol. excix. (1902). 
* Lhid., vol. excix. p. 182 (1902), sec, 8. 
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following table for different temperatures, calculated by the method already described 
by one of the authors. 
The results are in terms of the nitrogen thermometer and are uncorrected for 
the temperature gradient in the flow tube as described by Professor Callendar. 
Since this correction is small, and is partly balanced by the correction to the 
standard hydrogen scale, the results will not be changed much by its application, 
and the variation with temperature will remain practically unaffected. 


Mean Temp. Js. S (J =4:1891) Formula 
2°85 *140056 033435 *14003 

2°93 *140085 033440 "14002 

4°42 *139927 *083405 *13996 

18°37 *139459 "0383291 *13939 
24°52 *139182 *033224 13915 
31°68 “138890 033156 13889 
32:14 "138873 *033151 “13888 
83241 "138846 ‘033141 "13887 

| 36:59 "138753 ‘033121 13873 
45:0 "138447 ‘033050 "13847 

| 53°39 *188225 ‘032997 "13822 
| 65:22 "137942 "032929 ‘13791 
83°89 "137479 ‘082818 "13752 


Tn fig. 1 is given a plot of the observations, the vertical scale being the value 


Js—0'140 
0140 


The preliminary results are also included. 

It will be seen that the specific heat decreases with rise in temperature, sug- 
gesting that portion of the curve for water between 10° and 20°. 

Results over a wider interval of temperature could not be conveniently taken 
with the present apparatus. We purpose continuing the work to much higher 
temperatures immediately in order to trace the course of the curve as the boiling- 
point of the mercury is reached. 

The equation representing the change of Js and shown by the curve in the 
figure reads ; 

Js, = Jso— 4'462 x 10-° t+ 0157 x 10-° ¢? 
where 
Js, = "140154 


The value of the specific heat in terms of water has been calculated, taking 
the value of J equal to 4:1891 for a thermal unit at 15°°5, which was the tempera- 
ture recommended by Griffiths at the Paris Congress in 1900, as being suitable for 
the selections of the thermal unit. 

The temperature expression of the specific heat reads: 


§,=8,—1:074 x 10-° + 00385 x 10-° ¢? 
or 
S- So 


yoo 


= — ‘000521 ¢ + 00000115 ¢? 


where 
So = 038458, 


This gives for the temperature coefficient at any temperature ¢ the expression 


A) = — -000321 + 000002304 
di\8, 


and for the average change per degree at 50° the value —-0000069. 


or 
[ohs) 
w 
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Compared with the Work of other Observer's. 


The value of the specific heat obtained by Regnault,' and so universally adop ed, 
2.é,, 03332, is found to be in agreement with our determination at 15°3, and very 
close to the value at the ordinary temperature of laboratory work. The value was 
obtained over a range 10° to 100° in terms of a thermal unit at 10°, and is con- 
siderably in excess of our value for the same mean temperature. Ixperiments to 
determine the variation with temperature indicated an increase in specific heat 
with increasing temperature. 


ben oho MOAT 
pom 


@© Observations of Barnes and Cooke, 1902. 

x Observations of Callendar and Barnes, 1897. 
B&C Formula proposed by Barnes and Cooke. 

W Formula proposed by Winkelmann. 

M Formula proposed by Milthaler. 


Winkelmann’ carried out an extensive series of experiments by the method of 
mixture, to determine the temperature coefficient, and was the first to show that 
the specific heat decreased as the temperature increased. his result being so ex- 
ceptional at the time, and so contrary to the results for other liquids, the author 
was inclined to regard it as doubtful until he finally verified the first experiments 
by a second series, in which he eliminated certain sources of error. Two ranges of 
temperature were taken, the first between 20° and 50° C., and the second between 
26° and 142° C. The average variation from these measurements was found to 


* Pogg. Ann., vol. li. p. 44 (1840), and vol, li. p. 238 (1840). 
* Tbid., vol, clix. p. 152 (1876). 
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be —:0000069. No absolute measurements were made, but the value obtained by 
Regnault was assumed. 

The formula proposed by Winkelmann is shown in the figure(W). This reads: 


S,=S, — 0000069 ¢. 


The remarkable agreement with the average change from our determinations 
is shown very clearly in the figure, a total decrease of 2 per cent. between 
0° and 100° being given both by Winkelmann’s results and our own. 

The position of the curve in the figure shows that the temperature at which 
Winkelmann assumed Regnault’s value, which in one case was the mean from 16° to 
20°, and in the second case from 15° to 25°, is very nearly equal to the tempera- 
ture at which our value is exactly equal to Regnault’s, 7.2. 15° C. 

Pettersson and Hedelius! obtained 033266 between 0 and 5°, ‘033262 between 
5° and 16°, 033300 between 5° and 26°, and -033299 between 5° and 36° C. These 
results were all expressed in terms of a thermal unit for water at 0°. 

The measurements were repeated more accurately by J. Milthaler,? who used a 
similar method to the previous investigators, z.c., tae method of mixture, This 
author verified Winkelmann’s results and showed that the specific heat apparently 
decreased with rise of temperature, the average decrease trom his measurements 
being -0000092, which is somewhat greater than Winkelmann obtained. 

‘the formula proposed by Milthaler is shown in the figure (M). The slope of 
the curve is about the same as the slope of our curve at the low temperature ; 
but since Milthaler supposed this formula to apply as high as 200°, its agreement 
for the low temperatures is more a matter of coincidence. ‘The position of the line 
in the figure shows that the value of Pettersson and Hedelius which he assumed 
is too small at 0° compared to our values, but this value will be increased when 
corrected to a thermal unit for water at 15°°5 instead of 0°, and will then be brought 
into much closer agreement. 


2. Some Experiments on Radiation and Absorption : a Preliminary Study 
Jor a Standard of Light. By J. E. PETAVEL. 


The first part of the paper refers to some determinations of the intrinsic 
brillianey of iridium and platinum-iridium at their temperature of fusion. 

It has been previously shown ® that if ¢ be the temperature centigrade and bd 
the intrinsic brilliancy in candle-power per square centimetre 


Formula I. 
t= 400 + 889°6 */b 


_ The photometric observations and calculated temperatures of fusion are given 
in the following table :— 


Intrinsic brillianey in Melting-point in degrees 
_ candle power per square centigrade from 
| centimetre Formula I. 
Platinum . n F ' 19 1,763 
Platinum-iridium (25 per 34 1,883 
cent. Ir.). 
Tridium 290 2,423 


The temperature o 
method. 


i} 


f a radiating body may also be estimated by a second 


1 Jour. fir prak. Chem., vol. xxiv. p. 135 (1881). 
2 Wied. Ann., vol. xxxvi. p. 897 (1889), 
3 See Phil. Trans., exci. 501. 
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The percentage of the total radiation passing through two centimetres of water 
has been measured at various temperatures. It is shown that for platinum above 
1,000° C, this quantity is approximately a linear fuaction of the temperature, the 
relation being: 


Formula II, 
t=872+8163h 


where ¢ is the temperature centigrade; 2 the percentage of total radiation passing 
through a two-centimetre water-trough having quartz sides two millimetres 
thick. 


| 
| 


{ 4 v 4 Fe . . . . 
Percentage of total radia- | Melting-point in degrees 
— | tion transmitted through centigrade from 


i 
two centimetres of water Formula II. 
| 


Palladium . : : of 8:84 1,595 


Platinum . P A : 11:0 1,770 
Platinum-iridium (25 per 192 | 1,868 


| 
cent. Ir.). | | | 


The first formula only applies strictly to a platinum radiator ; the second is at 
the best a rough approximation. 

They may, however, be of some practical use in many cases where very 
accurate results are not necessary, or where the temperatures are too high to be 
directly measured. 

In the second part of the paper the absorption curves of a number of substances, 
including glass, quartz, fluorspar, water, benzol, bisulphide of carbon, Xc., are 
given. 

The curves refer to the radiation emitted by incandescent platinum, the 
temperature range being from 1,000 to 1,700° C. 

Tor all these bodies the percentage of heat tramsmitted increases with the 
temperature. 

One exception to the rule is noted—namely, black fluorspar. 

In experimental work it is frequently desirable io maintain the temperature 
of a radiating body constant; the anomalous absorption of black fluorspar 
provides a ready means by which this may be done. 

If two thermopiles, one measuring the radiation through, say, glass, the other 
through black fluorspar, are connected in opposition, there will be a critical 
temperature at which the resulting galvanometer deflection will be zero. The 
actual temperature at which this will occur will depend on the relative thickness 
of the plates and on the relative distance of the thermopiles, but for a given 
disposition of the apparatus it will always be the same. 

Some experiments are now being made with a standard of light based in 
principle on the above results, 


3. Some Observations on Equations of State. By H. H. F. Hyypmay. 


1. Equations of state may be obtained by two methods—one by strictly theo- 
retical deductions from certain given premises checked as much as possible by 
experimental results, the other frankly empirical and including as many experi- 
mental results as possible in a systematic manner. 

The only equations considered here will be those which are in accordance with 
the ‘law’ of corresponding states, and they may be generally expressed in the 
following form : 


J (py %, ty A, B, C)=0 


where A, B, C were independent constants directly expressible in terms of the 
gas constant RK and the three critical constants (p, v, );. 
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The problem is usually attempted by first forming the virial equation for the 
molecules, which may be written 


pv =} me +4 Suf (v) —4SvF(v) 


and endeavouring to evaluate the terms. 

The first may be taken equal to RT. The second expresses the collision of the 
molecules, and is in general a function of » and T, The third expresses the attraction 
of the molecules, and is also a function of v and T. In many cases equations have 
been deduced in accordance with the law by making certain simplifications in the 
assumptions mentioned, but more specialisation introduces more constants, 

The equations of Boltzmann and Reinganum are the most satisfactory at 
present known. The cyclical equation of v. d. Waals endeavours to advance by 
considering the virial of the atoms in the molecule, but it is implicit and leads to 
some false deductions, ¢.g., that 6=f(v) only. 

The empirical method has been most completely followed by Kamerlingh 
Onnes* from Amagat’s 1893 values for H,, O,, N,, CO,,. 

It is given in the form 


Ns) AG S 
Apy = sees 20s 
po Pita + 959 + + X8p8 
where 


Laz ae Shen Hebei abc den. 
Te "j T T° 


NS (S) p, v, T are reduced p, », t. 


Since » is here expressed in terms of the theoretical normal volume, the 
equation agrees strictly with the law. It expresses with considerable exactness 
the reduced isotherm from 7 = 12:29 to 0:897, and p = 3,000 A¢ to 1. 

2, A strict adherence to the law of corresponding states for the deduction of 
equations of state is quite arbitrary, and is only justified by its general appli- 
cability and our lack of accurate knowledge. 

The burden of the proof of the law at = K falls upon the critical data which, 

i! kek 
as shown recently by Matthias, are in general very uncertain, and no adyance can 
be made until better results are to hand. 

To form an opinion as to the theoretical causes of divergence the various 
axioms used for the deduction of equations of state are considered, and some 
possible directions of advance indicated. 

“An extension of the law is needed if the value of K for argon can be taken as 
anywhere near correct, for then the values of K would vary from 2°67, equal to that 
of vy. d. Waals’ original equation, to more than 3:4, the value given by his cyclical 
eyuation, and found experimentally for oxygen and nitrogen. : 

3. The values of the critical constants depend largely upon the exact experi- 
mental conditions, and even their theoretical meaning is questioned. 

‘De' Heen, Galitzine, and Traube consider that under their conditions of 
experiment the fluid is not to be treated as homogeneous, but as a mixture of 
two species of molecules, and the composition of which depends upon the tem- 
perature. The critical point is then merely a point where the two species can 
mix in all proportions, and where a sudden transformation from one to the other 
occurs, : 

This assumes that liquid, or at any rate a meniscus, can be formed above the 
critical point. 

A discussion of Traube’s work shows that his theory is not in accordance with 
his and de Heen’s observations, even if these are considered as free from experi- 
mental errors due to the neglect of certain precautions such as stirring. 


1 Communications, Leiden, No. 71, June 1901. 
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4, The work of Amagat and Young has sufficiently indicated the general 
course of the isothermals and their general correspondence. Work is now wanted 
which is sufficiently accurate and extended to show the differences from the law 
shown by various groups of substances. For many problems an accuracy of rho 
at least is required, and this can only be attained by the greatest care in the 
measurement of pressure volume and temperature. Such has been the object and 
the result of the work carried on at Leiden for some years. 

The isotherms of argon would enable many problems to be attacked owing 
to the probable physical constancy of the molecule, and would form standard 
isothermals. Present results are rarely standard, as they usually depend upon 
the readings of a gas manometer filled with air or nitrogen, and thus are in- 
fluenced by the uncertainty in the isotherms of these gases. The only really 
accurate isotherms at present known are those of hydrogen and oxygen, of 
which gases the latter is unsuitable for standard instruments. A systematic 
nee of the“ hydrogen manometer at a standard temperature would obviate the 
difficulty. 

Starting from the hydrogen isotherm! at 20° C. as standard, the isotherms of 
oxygen at pressures up to 60 ats. and at temperatures between 20° and —120° C. 
have been studied, and the isotherms at 20°, 15°6°, 0:0° published. The other 
isotherms will shortly be given, together with very accurate determinations of the 
critical constants, which will make possible an accurate equation of four terms 
for oxygen. The other data required to completely check the differences in the 
general equation are not to hand, except the compressibilities of hydrogen*® at a 
few pressures and at temperatures between 0:0° and —196° C., where hydrogen 
corresponds to oxygen between 0:0° and 100:0° C., and hence where the minimum 
of pv can be found experimentally. The numbers allow the value of 8 to be 
fairly accurately fixed. 


4. On the Graphical Representation of Ramsay and Young’s Law for the 
Comparison of Vapours at Equal Pressures. By Professor J. D. 
Everett, 7.2.8. 


5. Dependence of Pitch of Minute Closed Pipes on Wind Pressure.‘ 
By C. 8. Myers, J.D. 


The author gave a preliminary account of recent experiments on the varying 
pitch of tones produced from Galton whistles according to the wind pressure 
employed. He showed that for every pipe-length there is an optimum wind 
pressure for the production of the highest tone; that under certain conditions 
the pressure can be so adjusted as to give no audible sound, while a note can yet 
be heard if the pressure is in the least degree increased above or diminished below 
that point; and that, under other conditions, increase of wind pressure may 
‘produce a sudden decrease instead of the more common rise of pitch. 


6. A Lens for Ultra-violet Therapy. By J. Wiu1t1AM GirForD. 


Reference is made to a photographic doublet of quartz and calcite described at 
the Bradford Meeting in 1900, and a triple achromatised similarly for the chemical 


and visual maxima (wave-lengths 2748 and 5607) is recommended for the 
purpose. 


Lhe chief requirements are— 
1, That the calcite lens be protected. 


1 Schalkwijk, Communications, Leiden, No. 70. 

* Onnes and Hyndman, zdid., Leiden, Nos. 69 and 78. 

* Tbid., Leiden, No. 82, January 1903. 

* Full data are given in Journ. of Physiol., vol. xxviii., No. 6, 1902. 
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2, That rays should pass through the calcite lens parallel to its axis, which 
should correspond with the axis of the crystal. 

3. That the lens should be achromatic for the wave-lengths chosen. 

4, That as far as possible the combination should be aplanatic, but in any case 
the aberration should be the same for both wave-lengths. 

5. That only two lens tools should be necessary, so that it may not be 
expensive, ; 


These requirements are satisfied by a triple consisting of two outer bi-convex 
lenses of quartz enclosing an equi-concave ot calcite. The details follow :— 


Radii. Rand 8’ = + 210739. §, R’, S’and R” = + 1:95416. 
Thickness, ¢ and ¢’’ = °33763 (quartz). t' = 0750 (calcite). 


Diameter = 150. 
Mean principal focus = 2338897 
conjugate  ,, = 467748 for wave-length 2748 
x “ ms = 467839 ,, + 5607 
Outstanding chromatic error = -90091 
Spherical aberration wave-length 2748 = — ‘78027 
= = fi 5607 = — ‘81762 


The spherical aberration may be reduced to vanishing-point for the heights 
chosen by separating the first two lenses, but owing to the loss of light by reflec- 
tion at the air-space it is preferred to make optical contact by cementing all inner 
surfaces with glycerine. The spherical aberration is not as serious as would 
appear, the height taken near the vertex representing a very small area. 

To avoid double refraction the distances of spark and object from the lens 
must be the same. 

It is best to have one right-handed and one left-handed quartz element, 

Calcite becomes opaque to ultra-violet beyond wave-length 2145, but the skin 
and tissues are already very opaque at wave-length 2600, 


7. Mr. Petavel’s Recording Gauge applied to Ordnance and Small Arms." 
By Captain J. Bruce-Kinesmi1, &.A. 


After a brief consideration of some of the problems of ballistics, an account 
was given of the various methods by which in modern practice the properties of 
explosives are determined. 

Although the oldest type of heat engine, the gun was till recently the least 
well understood. It was not until the crusher gauge had been brought out by 
Sir Andrew Noble (then Captain Noble, R.A.), when a member of the Explosives 
Committee of 1869, that the maximum pressure could be accurately measured. 

Thanks to his exhaustive researches and those of Abel, Vieille, and Berthelot, 
thanks also to the uninterrupted experimental work which has been carried out 
independently at such centres as Woolwich, Elswick, Essen, by the Creusot 
Company, &c., the necessary data have gradually been determined, and the design 
of artillery (which at one time was a matter of guesswork and rule-of-thumb) 
has become an exact science. 

But the use of higher pressures and more powerful artillery has of late made 
a further advance necessary. 

The rapid development of the steam-engine and the high efficiency attained to 
by it may to a large extent be attributed to the use of the indicator by means of 
which the internal working of the engine can be ascertained. 

The need of a corresponding device for use with artillery was soon felt. 

To meet this want several instruments have been devised. 

Sir Andrew Noble conceived the ingenious idea of relieving the spring of the 


1 Published in extenso in Engineering, March 13, 1903. 
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indicator at or near the maximum pressures, and thus obtaining an excellent 
record of the rate of fall of pressure in a closed vessel. 

Vieille has designed two instruments. 

In the first the record of a tuning-fork is inscribed on a plate supported by 
a stiff spring, which is bent by the pressure of the explosion. 

In the second the mozion of the spring itself is directly inscribed on a revolving 
cylinder. 

The deflections in either case are very small, the records being read by means 
of a microscope. 

In the instrument with which the present paper is more especially concerned 
the spring of the indicator is replaced by a metal tube, the deflection corresponding 
to the elastic compression of the material. 

The deflection is magnified by a very light lever, the curve being recorded 
either photographically or stylographically on a revolving cylinder. 

‘The advantages of the instrument are twofold. 

Ist. The time period is sufficiently short for an accurate record of the fastest 
explosions to be obtained. 

2nd. The records are of the dimensions of an ordinary steam-engine diagram, 
and can therefore be measured directly with sutlicient accuracy. 

This instrument will give an accurate and easily read time-space curve. 


8. On an Improvement upon Huygens’ Construction. 


By G. Jounstone Stoney, W.A., D.Sc., FR.S. 


The hypothesis that underlies Huygens’ construction is that if S be a surface 
with which the wave-fronts of an undulation come successively to coincide, and if 
we call K and Q the spaces on either side of this surface, the direction of propaga- 
tion being from K to Q, then, izstead of the actual wave-motion in space Q, it is 
permissible, as an hypothesis which is lezitimate for some purposes, to substitute 
the simultaneous advance into space Q of undulations of spherical wavelets which 
have started simultaneously in the same phase from the several puncta (or physical 
points) of surface 5S. 

The improvement consists in using, instead of the surface S, a stratum of a 
wave-length in thickness, and assuming that undulations of spherical wavelets of 
equal intensity start simultaneously at the instant ¢=7r from all the puncta of this 
stratum in the phases in which the original undulation reaches those puncta at that 
instant of time. 

This hypothesis can be justified as a simplification, which for almost all pur- 
poses is legitimate, of the complete resolution into spherical wavelets of which 
use was made in a paper read by the present writer before the British Association 
in 1859, and published in the ‘Transactions’ of the Royal Irish Academy for 1860, 
p. 37. 

While Huygens’ more crude construction gives a correct result only in the 
direction of propagation, fuinishing results that deviate from the correct result in 
inclined directions, and suggesting false results for backward directions, the 
amended construction gives almost exactly correct results in all directions. 

Moreover, with the new construction it is legitimate to place the stratum S 
oblique to the wave-front as well as coincident with it. When in the oblique 
position the thickness of the stratum is to be A cos 6, 6 being the inclination of 8 to 
the wave-front. 


9. How to apply the Resolution of Light into Undulations of Flat Wavelets 


to the Investigation of Optical Phenomena.' By G. JOHNSTONE STONEY, 
MA., D.Sc, f.R.S. 


_ The light undulations that propagate themselves forward through a uniform 
isotropic medium may be resolved in an infinity of different ways, and among 


! Phil. Mag., February 1903. 
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them into undulations of convex, or of concave, or of flat wavelets. That a resolu- 
tion into uniform flat wavelets is always possible is proved in a paper published 
at page 570 of last year’s Report of the British Association,’ and the present paper 
is devoted to explaining a convenient way of making practical use of this method 
of resolution. The resolution of light into undulations of uniform flat wavelets 
has the great advantage over every other resolution that each of these flat wavelet 
components does not undergo alteration as it advances through the medium. 

Instead of making use of rectangular or polar coordinates, the position in 
space and the motion of each of the component undulations are referred to a fixed 
hemisphere, for which the name of reference hemisphere is suggested. Each point 
on the convex side of this hemisphere is the guzde-point of two undulations of flat 
wavelets, one travelling outwards along the radius to that point and the other 
travelling in the opposite direction. If, then, we know whether the undulation is 
outward bound or inward bound, the position of its guide-point upon the surface 
of the reference hemisphere indicates both the orientation of the wave-fronts and 
the direction in which they are being propagated. 

These particulars are even more conveniently indicated by the orthogonal 
projection of the guide-point upon the flat circular base of the hemisphere. This 
projection may be called the ¢vdea-point of the undulation, and the pattern pre- 
sented by the index-points of all the undulations that we have occasion to deal with 
in any problem may be called their indicator diagram. 

From this construction a number of propositions are deduced, which make 
it easy to apply the above method of analysis to the solution of many optical 
problems, including some which either cannot, or cannot without difficulty, be 
treated by any of the usual methods. 

It also suggests interesting experimental verifications, and makes what is seen 
in these experiments intelligible in a degree that they have not hitherto been. 

The same proof furnishes the more general theorem—that light traversing any 
uniform transparent medium, whether isotropic or doubly refracting, may be 
resolved into undulations of flat wavelets—and that the reference surface by which 
the orientations, velocities, and states of polarisation of these undulations can be 
indicated is, in general, half of the wave-surface of that medium. This reference 
surface becomes a simple hemisphere, and at the same time loses its power of 


1 At p. 617 of the Monthly Notices of the Royal Astronomical Society, issued in 
September 1902, Mr. E. T. Whittaker has given another and extremely elegant proof 
of this theorem by showing that every solution of the equation 


can be analysed into undulations of flat wavelets advancing with the speed z. 

This proof has the advantage of deriving the resolution directly from the funda- 
mental differential equation of wave-motion where the speed of propagation is the 
same in all directions and is a constant as regards a, y, z, and ¢; a condition which, 
as Clerk Maxwell showed, is fulfilled by electromagnetic waves in an isotropic 
medium whenever we may assume that the product of the two inductive capacities 
of the medium is independent of the intensity of the alternations of electromagnetic 
stress, notwithstanding that in dispersing media it is not independent of their 
periodic time. ‘This is doubtless a correct assumption in the case of those electro- 
magnetic waves which constitute any light that our eyes can see. 

On the other hand, the proof given in the B.A. Report of 1901, which is based 
upon MacCullagh’s Principle of Reversal, has two advantages of much importance 
to physicists : that it furnishes useful details of the resolution, and that it exhibits 
the relation in which the resolution into flat wavelets stands to neighbouring reso- 
lutions into nearly flat wavelets, which are what practically have to be dealt with 
in making experiments. Moreover, the proof by the Principle of Reversal has 
another considerable advantage in that it is applicable to doubly refracting media 
in which &, the speed of propagation, is a function of the vector, as well as to iso- 
tropic media, in which it is the same in alldirections. It is fortunate, therefore, 
that we are in possession of both proofs. 


ae 
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furnishing information about the state of polarisation in the case of isotropic 
media, with which the paper of which this is an abstract more particularly deals. 

By an undulation is to be understood an uninterrupted train of waves which are 
all alike—of the same wave-length intensity and state of polarisation, and each 
undulation occupying the whole of space for all time. Accordingly, if the medium 
be of limited extent, we must, for the purposes of this resolution, take into account 
what would occur throughout an extension of the medium, At the same time 
it is convenient in practical problems, and is legitimate, to consider separately 
what happens within a prescribed space and at a definite time. The resolution of 
a given distribution of light into its component undulations of flat wavelets is wnigue 
in the same sense in which resolutions by Fourier’s Theorem, or into Spherical 
Harmonics, are unique. 


DeEpaRTMENT ITI.—Astronomy AND CosmicaAL Puysics. 
The following Papers and Reports were read :— 


1. Illustrations obtained by Photography of the Evolution of Stellar Systems. 
By Isaac Roserts, D.Se., PRS, 


2. Radiation in Meteorology. By W.N. Suaw, F.R.S. 


The purpose of the paper was to invite meteorological observers to make 
special observations of the effect of radiation upon thermometers exposed under 
different meteorological conditions as regards cloud. The author explained that 
the effect upon a cloud of gain or loss of heat by radiation was to lower or raise 
the temperature of the cloud according to the temperature gradient, and pointed 
out as a consequence that the specific heat of acloud might be positive or negative, 
and that for the particular case of adiabatic gradient the specific heat of air is 
negative and indefinitely large. Hence it followed that the tracing of changes of 
temperature by means of radiation observations migkt he of great assistance in 
tracing the changes in the thickness of floating clouds, 

He then indicated the nature of the observations upon radiation which are 
already included in the meteorological routine of a second order station, and sug- 
gested the comparison of the black bulb with the simultaneous reading of the 
screened dry bulb in various conditions of weather, and also pointed out some 
unexplained phenomena connected with radiation which arose from a comparison 
of the records of a photographic sunshine recorder with those of a Campbell- 
Stokes instrument. 


3. On the Figure of the Earth. By Major 8. G. Burrarn, ££. 


Deflections of the plumb-line placed, and have continued to place, insuperable 
obstacles in the way of correct determinations of the figure of the earth. The 
pains we take in observing for latitude seem thrown away; the correctness of our 
result must depend on the direction of gravity, and at no place on the earth can 
the direction of gravity be relied upon to indicate the true vertical. We could 
measure the distance from Londonderry to Waterford within 2 or 3 feet; we 
could observe their latitudes within 5 or 6 feet; but deflections of gravity at 
Londonderry and Waterford might, without being extraordinary, throw us out by 
800 feet. 

About 1860 Russian surveyors made the discovery at Moscow that deflections 
of the plumb-line existed on flat unbroken plains; that these deflections varied 
sixteen seconds in 18 miles where no mountain was visible. This discovery 
showed a local underground variation in the density of the earth’s crust. It had 
a profound influence on all subsequent discussion, and deflections of the plumb- 
line were everywhere now readily attributed to local underground causes. But 
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the generalisation which followed the Moscow discovery was too hasty; to the 
best of my belief, no second plain has been discovered where deflections vary 
sixteen seconds in 18 miles. On the other hand we have discovered within 
the last two years the existence of an underground and invisible chain of extreme 
density stretching across India from east to west for a thousand miles, and 
which may possibly be disturbing the direction of gravity throughout the country. 
The discovery of this underground chain brings home to us how little we really 
know of mountain attraction. The underground chain of density underlies the 
Vindhyan range of mountains: whilst then we have, in obedience to theory, been 
endeavouring to prove that the Himalaya Mountains overlie great deficiencies 
of matter, we have stumbled on the fact, unforeseen by theorists, that the Vindhya 
Mountains overlie great excesses. 

It has been said that the arcs of India are Great Britain's largest contribution 
to the science of geodesy. It will not be out of place if I refer to their critics, 
It has been repeatedly stated that the presence of the Himalayan Mountains 
detracts from the value of the Indian arcs. This statement originated in the 
account of the triangulation of Great Britain. The author of a popular handbook 
describes the Himalayas as a reproach to the arcs of India. Now if mountains 
lead us to anticipate systematic error, do not oceans do so also? Where then is 
the country, and where the arc, where systematic error is not to be anticipated ? 
A theory has been devised that the visible deficiency of oceans is compensated by 
the condensation and contraction of submurine strata, but it rests on insufficient 
data, Every survey has discovered coast-stations where plumb-lines are deflected 
seawards, and the theory of condensation has been built on them, As an example 
we may suppose a seaward deflection of five seconds observed on the coast of 
Mayo, whilst no deflections are found in Roscommon. Would this be evidence 
that the strata underlying the Atlantic are condensed? Would not a wide and 
distant ocean affect Mayo and Roscommon similarly? Ifthe Atlantic Ocean were 
causing the deflection in Mayo, it would, I submit, affect plumb-lines in Germany 
and Russia. The systematic error caused by the Atlantic Ocean cannot be gauged 
from an observation on the Irish coast. Its determination requires masses of 
observations spread over Europe. Whilst we can observe at the foot and heart of 
the Himalayas, no observations can be taken over Atlantic depths nor even on the 
brink of its submerged cliffs. The real edge of the Atlantic is not at the visible 
Trish coast-line, but far out to sea. If we had never approached nearer to the 
Himalayas than the Irish coast-line is to the Atlantic, we should have been unable 
even to discuss the subject of mountain attraction, and oceanic effects can only 
be studied by the aid of lessons from mountains. 

Instead, then, of reproaching the arcs of India, we must discover the systematic 
errors affecting them. The aim of our geodesists must not be confined to the 
determination of an imaginary mean figure for the earth; and though it would be 
fantastic to think of investigating all the many elevations and depressions that dis- 
figure the level surface of the sea, we must at any rate endeavour to obtain a definite 
idea of the order of their magnitude, whether their heights and depths, above and 
below the mean surface, are to be estimated in feet or thousands of feet. If this 
endeavour be regarded as a desirable and legitimate aim, the scientific value of 
arcs affected by mountain attraction will be recognised. 


4, Report on Seismological Investigations.—See Reports, p. 59. 


5, Report on the Investigations of the Upper Atmosphere by Means of 
Kutes.—See Reports, p. 77. 


6, Report on Magnetic Observations at Falmouth Observatory, 
See Reports, p. 75, 
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7. Report on Meteorological Observations on Ben Nevis. 
See Reports, p. 93. 


8. Report on the Comparison and Reduction of Magnetic Observations. 
See Reports, p. 58. 


TUESDAY, SEPTEMBER 16. 


DepartMEeNT J.—Puysics. 
The following Papers were read :— 


1. Animal Thermostat. By Lord KE vin. 


A thermostat is an apparatus, or instrument, for automatically maintaining a 
constant temperature in a space, or a piece of solid or fluid matter with varying 
temperatures in the surrounding matter. 

Where and of what character is the thermostat by which the temperature of 
the human body is kept at about 987-4 Fahrenheit ? It has long been known that 
the source of heat drawn upon by this thermostat is the combination of food with 
oxygen, when the surrounding temperature 1s below that of the body. The discovery 
worked out by Lavoisier, Laplace, and Magnus still holds good, that the place of 
the combination is chiefly in tissues surrounding minute tubes through which blood 
circulates to all parts of the body, and not mainly in the place where the 
furnace is stoked by the introduction of food, in the shape of chyle, into the 
circulation, nor in the lungs where oxygen is absorbed into the blood. It is 
possible, however, that the controlling mechanism by which the temperature is 
kept to 98°4 may be in the central parts, about, or in, the pumping station (the 
heart) ; but it may seem more probable that it is directly etfective in the tissues or 
small blood-vessels in which the combination of oxygen with food takes place. 

But how does the thermostat act when the surrounding temperature is anything 
above 98°-4 and the atmosphere saturated with moisture so that perspiration could 
not evaporate from the surface? Ifthe breath goes out at the temperature of the 
body and contains carbonic acid, what becomes of the heat of combustion of the 
carbon thus taken from the food? It seems as if a large surplus of heat must 
somehow be carried out by the breath: because heat is being conducted in from 
without across the skin all over the body ; andthe food and drink we may suppose 
to be at the surrounding temperature when taken into the body, 

Much is wanted in the way of experiment and observation to test the 
temperature of healthy persons living in a thoroughly moist atmosphere at 
temperatures considerably above 98°-4; and to find how much, if at all, it is 
above 98°-4. Experiments might also, safely I believe, be tried on healthy 
persons by keeping them for considerable times in baths at 106° Fahr. with 
surrounding atmosphere at the same temperature and thoroughly saturated with 
vapour of water. The temperature of the mouth (as ordinarily taken in medical 
practice) should be tested every two minutes or so. The temperature and quantity 
and moisture and carbonic acid of the breath should also be measured as accurately 
as possible. 

P.S., December 5, 1902.—Since the communication of this note my attention 
has been called to a most interesting paper by Dr. Adair Crawford in the ‘ Philo- 
sephical Transactions’ for 1871 (Hutton’s Abridgments, vol. xv. p. 147), Experi- 
ments on the Power that Animals, when placed in certain circumstances, possess 
of producing Cold. Dr. Crawford’s title expresses perfectly the question to which 
I desired to call the attention of the British Association ; and, as contributions 


544 REPORT—1902. 


towards answering it, he describes some very important discoveries by experiment 
in the following passage, which I quote from his paper. 


‘The following experiments were made with a view to determine with greater 
certainty the causes of the refrigeration in the above instances. To discover 
whether the cold produced by a living animal placed in air hotter than its body 
be not greater than what would be produced by an equal mass of inanimate matter, 
Dr. Crawford took a living and a dead frog, equally moist, and of nearly the same 
bulk, the former of which was at 67°, the latter at 68°, and laid them on flannel in 
air which had been raised to 106°. In the course of twenty-five minutes the order 
of heating was as annexed.” 


| 


Min. | Air Dead Frog | Living Frog 
° ie} a ; ° 
| 

In 1 = 703 672 
Anes 102 72 68 

a ce 100 722 693 
4 100 73 70 

” 95 95 812 782 


‘The thermometer being introduced into the stomach, the internal heat of the 
animals was found to be the same with that at the surface. Hence it appears 
that the living frog acquired heat more slowly than the dead one. Its vital powers 
must therefore have been active in the generation of cold. 

‘To determine whether the cold produced.in this instance depended solely on 
the evaporation from the surface, increased by the energy of the vital principle, a 
living and dead frog were taken at 75°, and were immersed in water at 98°, the 
living frog being placed in such a situation as not to interrupt respiration.® 


Min. Dead Frog Living Frog 
° ° 
In 1 85 81 
| » 2 883 85 
» 3 903 87 
a) 915 89 
4.6 915 89 
| iets) 9135 89 


‘These experiments prove that living frogs have the faculty of resisting heat, 
or producing cold, when immersed in warm water; and the experiments of Dr. 
Fordyce prove that the human body has the same power in a moist as well as in 
a dry air; it is therefore highly probable that this power does not depend solely on 
evaporation. : 

‘It may not be improper here to observe that healthy frogs in an atmosphere 
above 70° keep themselves at a lower temperature than the external air, but are 
warmer internally than at the surface of their bodies; for when the air was 77° a 
frog was found to be 68°, the thermometer being placed in contact with the skin; 
but when the thermometer was introduced into the stomach, it rose to 703°. It may 


1 Observations by Governor Ellis in 1758; teachings of Dr. Cullen prior to 1765 ; 
very daring and important experiments by Dr. Fordyce on himself in heated rooms, 
communicated to the Royal Society of London in 1774. 

2 In the two following experiments the thermometers were placed in contact with 
the skin of the animals under the axille.—OrIG. 

3 In the above experiment the water, by the cold frogs and by the agitation 
which it suffered during their immersion, was reduced nearly to 913°.—ORI4. 
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also be proper to mention that an animal of the same species placed in water at 61° 
was found to be nearly 614° at the surface, and internally it was 663°. These 
observations are meant to extend only to frogs living in air or water at the common 
temperature of the atmosphere in summer. They do not hold with respect to 
those animals when plunged suddenly into a warm medium, as in the preceding 
experiments. 

‘To determine whether animals also have the power of producing cold when 
surrounded with water above the standard of their natural heat, a dog at 102° 
was immersed in water at 114°, the thermometer being closely applied to the skin 
under the axilla, and so much of his head being uncovered as to allow him a free 
respiration. 


In 5 minutes the dog was 108, water 112 


” 6 » ” 109, ” 112 

pie 3 7 108, ,, 112, the respiration having become very rapid. 
“gig as Pa 108, ,, 112, the respiration being still more rapid. 

» 30 “ * 109, ,, 112, the animal then in a very languid state. 


‘Small quantities of blood being drawn from the femoral artery, and from a 
contiguous vein, the temperature did not seem to be much increased above the 
natural standard, and the sensible heat of the former appeared to be nearly the 
same with that of the latter. 

‘In this experiment a remarkable change was produced in the appearance of 
the venous blood ; for it is well known that in the natural state the colour of the 
venous blood is a dark red, that of the arterial being light and florid ; but after 
the animal, in the experiment in question, had been immersed in warm water for 
half an hour the venous blood assumed very nearly the hue of the arterial, and 
resembled it so much in appearance that it was difficult to distinguish between 
them. It is proper to observe that the animal which was the subject of this ex- 
periment had been previously weakened by losing a considerable quantity of blood 
a few days before. When the experiment was repeated with dogs which had not 
suffered a similar evacuation the change in the colour of the venous blood was 
more gradual; but in every instance in which the trial was made, and it was re- 
peated six times, the alteration was so remarkable that the blood which was taken 
in the warm bath could readily be distinguished from that which had been taken 
from the same vein before immersion by those who were unacquainted with the 
motives or circumstances of the experiment. 

‘To discover whether a similar change would be produced in the colour of the 
venous blood in hot air, a dog at 102° was placed in air at 134°. In ten minutes 
the temperature of the dog was 1043°, that of the air being 130°. In fifteen minutes 
the dog was 106°, the air 130°. A small quantity of blood was then taken from 
the jugular vein, the colour of which was sensibly altered, being much lighter than 
in the natural state. The effect produced by external heat on the colour of the 
venous blood seems to confirm the following opinion which was first suggested by 
my worthy and ingenious friend, Mr. Wilson, of Glasgow. Admitting that the 
sensible heat of animals depends on the separation of absolute heat from the blood 
by means of its union with the phlogistic principle in the minute vessels, may 
there not be a certain temperature at which that fluid is no longer capable of 
combining with phlogiston, and at which it must of course cease to give off heat ? 
It was partly with a view to investigate the truth of this opinion that Dr. Craw- 
ford was led to make the experiments recited above.’ 


‘These views of Dr. Crawford and ‘his worthy and ingenious friend, Mr. Wilson,! 
of Glasgow,’ express, about as well as it was possible to express before the chemical 
discoveries of carbonic acid and oxygen, the now well-known truth that oxygen 
carried along, but not chemically combined, with food in the arteries, com- 
bines with the carried food in the capillaries or surrounding tissues in the outlying 


‘Who, no doubt, was Dr. Alex. Wilson, first professor of astronomy in the 
University of Glasgow (1760-1784); best known now for his ingenious views 
regarding sunspots. : 


1902. NN 
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regions, and yields carbonic acid to the returning venous blood : this carbonic acid 
giving the venous blood its darker colour, and being ultimately rejected from the 
blood and from the body through the lungs, and carried away in the breath. 
Crawford’s very important discovery that the venous blood of a dog which had 
been kept for some time in a hot-water bath at 112° Fahr. was almost undis- 
tinguishable from its arterial blood, proves that it contained much less than the 
normal amount of carbonic acid, and that it may even have contained no carbonic 
acid at all. Chemical analysis of the breath in the circumstances would be most 
interesting; and it is to be hoped that this chemical experiment will be tried 
on men. It seems indeed, with our present want of experimental know- 
ledge of animal thermodynamics, and with such knowledge as we have of 
physical thermodynamics, that the breath of an animal kept for a considerable 
time in a hot-water bath above the natural temperature of its body may be found 
to contain no carbonic acid at all. But even this would not explain the generation 
of cold which Dr. Crawford so clearly and pertinaciously pointed out. Very care- 
ful experimenting ought to be performed to ascertain whether or not there is 
a surplus of oxgyen in the breath; more oxygen breathed out than taken in. If 
this is found to be the case, the animal cold would be explained by deoxidation 
(unburning) of matter within the body. If this matter is wholly or partly water, 
free hydrogen might be found in the breath ; or the hydrogen of water left by oxygen 
might be disposed of in the body, in less highly oxygenated compounds than those 
existing when animal heat is wanted for keeping up the temperature of the body, or 
when the body is dynamically doing work. 


2. On the Application of the Method of Entropy to Radiant Energy. 
By J. Larmor, See. 2S, 


The entropy of a material system has been defined by Boltzmann as the 
logarithm of the probability of its molecular configuration ; and this definition has 
recently been applied by Planck to the radiation in an enclosure, thereby 
obtaining a law for the constitution of natural radiation at a given temperature, 
which is in close accord with the facts. His argument involves simple vibrators 
in the region, and it is their fortuitous arrangement that enters, It was explained 
that various difficulties attending this procedure are evaded, and the same result 
attained, by discarding the vibrators and considering the random distribution of 
the permanent element of the radiation itself, among the differential elements of 
volume of the enclosure, somewhat on the analogy of the Newtonian corpuscular 
theory of optics.’ 

3. On the Relation of Voltaic Potential Differences to Temperature. 
By J. Larmor, See.2.S,. 


It was shown, by means of Carnot’s principle, that if material substances have 
no special affinity for electricity, voltaic potential differences should be propor- 
tional to the absolute temperature. The experiments of Majorana with liquid air 
as a cooling agent show that they actually fall at a more rapid rate than this law 
would give, from which it is inferred that imparting an electric charge to a metal 
involves absorption of heat owing to direct affinity between its molecules and the 


charge. 


4. Does Motion through the Ether cause Double Refraction ? 
By Lord Rayteiecn, F.R.S. 


5, Report on Electrical Standards.—See Reports, p. 53. 
1 Cf. Brit. Assoc. Report, 1900, 
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6. Magnetic Detectors in Space Telegraphy.' 
By Professor ERNEST WILSON. 


This is a subject which has attracted considerable attention since Mr. Marconi 
has found that as a substitute for the coherer magnetic detectors give very con- 
sistent results over long distances. Rutherford was probably the first to make a 
scientific investigation into the effect which high frequency electric currents have 
upon the magnetism of a bundle of wires previously magnetised. — The author of 
the paper also made experiments with magnetic detectors in 1897. One form of 
his detector consists of a ring of fine iron wires the magnetism of which can be 
continuously reversed by a local battery. A telephone connected to a coil wound 
on the ring is used to receive the minute transient electric currents produced when 
another coil on the ring receives the electric impulses from a distant transmitter. 
Using straight iron wires on which the coils are wound the author finds that the 
effects are increased by submitiing the specimen to pull and twist stress, and also 
by heating it to a temperature a little below that at which iron ceases to be a 
magnetisable substance. 


7. A New Receiver for Hertzian Oscillations. 
By Frofessor G. M. Mincuiy, /.2.S, 


About three years ago I constructed a receiver (‘ coherer’) for electromagnet'c 
oscillations, in which the effective bodies are carbon and aluminium. The descrip- 
tion is as follows :—C is a cylinder of electric-light carbon about +} inch in dia- 
meter, and about the same length, terminating in two spindles ; 
AAA isan aluminium wire, about 5; inch in diameter, bent 
round at its ends into two circular ares into which the narrew 
spindles of the carbon cylinder fit somewhat loosely. The 
cylinder C is attached to a platinum wire p, and the alumi- 
nium wire to a platinum wire P. The system pCAAA is 
inserted into a glass tube containing mercury at its closed 
end, and into this mercury the wire p dips. The wire P 
passes through a narrow neck at the other end of the tube. 
The mercury is boiled so as to expel the air from the tube, 
and when the air is expelled the narrow neck is closed and 
P sealed into the tube. Another platinum wire Q was 
initially sealed into the lower end, so as to make contact with 
the mercury. 

Thus the system of carbon cylinder and alumininum wire 
is now sealed into and suspended inside a glass tube contain- 
ing mercury and its vapour. 

Tried in the laboratory with the oscillations produced by 
an electrical gas lighter, this proved to be a very sensitive 
receiver. 

It was simply placed as a resistance in the circuit of a 
weak dry cell and a telephone, and the oscillations of the gas 
lighter affected it at the distance of about 30 or 40 feet. 

No tapper is necessary to break the coherence. 

When I made this receiver and wished to try it over long 
distances my induction coil most unfortunately broke down ; 
and, for one reason or another, I was unable to try it until 
the beginning of August 1902. 

The oscillator consisted of a rectangular sheet of zinc, about 3 feet by 6 feet, 
elevated to the top of a metallic telegraph post about 25 feet high. ‘The receiving 
surface was a sheet of copper, of about half the area of the zinc, attached toa 
wooden pole about 12 feet high at a distance of about 600 yards from the oscillator, 


1 See the Hlectrician, September 26, 1902. 
. NN2 
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the intervening space being occupied by trees and hilly ground, so that the 
receiver was screened by this ground from the oscillator. 

When a telephone was placed in the receiving circuit the separate dots and 
dashes sent from the oscillator were distinctly heard without any failure or inter- 
mission. 

The addition of a fisling-rod 12 feet long, through the rings of which was 
passed a stout iron wire, to the top of the receiving copper surface, so as to increase 
the virtual height of this surface, made a marked improvement in loudness, the 
various dots and dashes being now heard without putting the telephone to the ear. 
The decoherence was perfectly good for the telephone, but when the telephone 
was replaced by a relay there was not sufficient automatic decoherence ; a slight 
tap was generally necessary. 

I have always used telephones as the indicators of oscillations, and employed 
three or four coherers in parallel in the telephonic circuit. 

With the exception of the coherer just described, I have never hit upon one 
which automatically and satisfactorily decohered, and I do not know if any coherer 
hitherto discovered decoheres automatically with a relay. 

The most severe test of any coherer occurs when the coherer is employed close 
to the oscillator—that is, in the laboratory—and it appears to me that the above 
coherer stands this test remarkably well when used with a telephone. 


8, A Graphical Method of Determining the Discharge Curve of a Condenser 
through a variable Self-induction. By E. W. Marcuant, D.Se. 


The method employed is an extension of that described by Dr. Sumpner in 
a paper to the ‘ Phil. Mag.’ in 1897 for determining the rise in the current through 
a coil of variable self-induction. The method consists in graphically determining 


successive values of = the rate of change of current for the discharge. 


where z7=current in amperes. 


we Sidt e Ep C=capacity of condenser in farads. 
adi CR R R= resistance of circuit in ohms. 
Git “APG L = self-induction of circuit in henrys, 
Ke i = EK, = initial P.D: to which the condenser 


was charged. 
The method was first tested for the case in which the self-induction is con- 


stant, the time interval between successive determinations of the value of = being 


dt fidt 3. 
so chosen that CR CR = Ki, for the 


time dt and can be represented asa fraction of 2. Plotting in this way it was found 
that the periodic time for an oscillatory discharge was obtained accurately to within 
1 per cent., and that the maximum value of the current was determined accurately 
to within 2 per cent. For a discharge through a circuit of larger resistance it was 
found that the period of oscillation was again accurate to within 1 per cent., and 
that the damping effect, due to the resistance and the displacement of the time 
of maximum current from an instant midway between two zero values, was well 
shown, 

Jhe method was then applied to the determination of the discharge curve 
through a coil having a soft iron core, and with which a number of experiments 
had been made. Three curves were shown for the same circuit, in which the 
voltages applied to the condenser were respectively 9,400 (2°5 mm. spark) 2,850, 
and 450. In the first two cases the current wave after clinging to the zero line 
becomes approximately sinusoidal, while in the third the curve is sharply peaked. 
The periodic times given by these determinations were shown to be in approximate 
agreement with those found experimentally. The phenomena due to hysteresis in 
the iron core were also shown in the third curve. 


is a simple number K, so that the quantity 
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9. On Luminosity and the Kinetic Theory. By J. Burter Bure, M.A. 


The object of this paper is to show that the phenomena of luminosity are 
accompanied by, or dependent upon, the formation of large molecular aggregates 
which act as centres of intense molecular force, and that the luminosity results 
from the bombardment of these by the free corpuscles in the luminous body, 
which in virtue of the powerful centres of force acquire a great velocity under 
their attraction, producing collisions of considerable violence with them. In the 
case of phosphorescent bodies the time during which these aggregates continue to 
exist is very much longer than in ordinary non-phosphorescent substances when 
they are broken up almost instantaneously. 

The effect of molecular forces in the phenomena of phosphorescence is doubtless 
one of great importance, as solids are far more phosphorescent than liquids, and 
these far more so than gases, in which the phenomena of phosphorescence is of 
very rare occurrence. 

There is conclusive evidence that separate molecules exist during the process 
of the change of refrangibility of light. This can be shown by Stokes’ method of 
crossed prisms, by which means it is found that the period of the phosphorescent 
light is entirely independent of that of the exciting light ; the exciting rays may be 
very high up in the ultra-violet, and yet the spectrum of the phosphorescent light 
is the same as if the exciting light were in the blue or violet. This is a most 
remarkable fact, and proves that the luminous vibrations are not forced. Again, 
from the change of absorption during phosphorescence ! it can be deduced that the 
luminosity is due to the formation, for the time being, of new periods under the 
influence of the exciting light either by dissociation or by association. 

An explanation is given, based on this theory of large aggregates, of the 
Newall pressure glow, and of the discharge of negative electrification by phospho- 
rescent bodies. 

The existence of separate phosphorescent molecules is shown by the fact that 
the after-glow’in a gas can be greatly increased in brilliancy and duration by 
letting the phosphorescent gas diffuse through narrow metal tubing from the bulb 
in which the discharge is produced into another similar bulb. 

The phosphorescent molecules therefore do not appear to carry a free charge 
of electricity, yet the glowing molecules produce ionisation in the gas.” 

The existence of separate molecules of an ephemeral nature during luminosity, 
to which it is due, shows that the free periods in a luminous gas need not be the 
same as those in a non-luminous one, and therefore that the ratio of the specific 
heats as determined for a non-luminous gas does not give the number of degrees of 
freedom when the systems of molecular aggregates herein considered exist, during 
which brief interval of time the physical and chemical properties of the substance 
should be altered. 

The ratio of the specific heats for a gas in this state of molecular aggregation 
will be quite different from that of the gas in its ordinary state. The state of 
molecular condensation may be brought about by the action of ultra-violet light 
by the passage of an electric discharge through the gas, or by molecular inter= 
actions, giving rise to chemical actions. 


10. The Physical Aspects of a Theory of Colour Vision. 
By F. W. Epripez-Green, ID., F.R.C.S. 


The view which I wish to bring forward is that each optic nerve fibre is able 
to convey impulses corresponding to all kinds of light--that is to say, a very 
similar condition exists in the impulses which are transmitted along the optic 
nerve to that which is accepted for waves of light previous to their entering the 
eye. The limitation of the number of colour-sensations was thought to be 
necessary because it seemed physically impossible that a single fibre of the optic 


1 See Burke, Phil. Trans., vol. exci. (A). 
* Burke, Phil. Mag., March and April 1901. 
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nerve could convey all waves of light. The facts of colour vision can only be 
satisfactorily explained on the assumption that each optic nerve fibre does convey 
impulses corresponding to all waves of light. It occurred to me that if there 
were a transforming apparatus in the eye we could explain the facts. The tele- 
phone shows how this may be accomplished in the case of sound. I saw that the 
retina was constructed in a manner theoretically perfect from this point of view. 
The percipient layer of the retina is made up of two kinds of elements, the rods 
and the cones. The portion of the retina corresponding to the central portion of 
the field of vision contains only cones. External to this spot the cones are 
arranged with one or more rings of rods round them, the single ring being round 
those cones which are nearest to the central portion. In the rods there is a rose- 
coloured substance, the visual purple, which is very sensitive to light. This photo- 
chemical substance is found exclusively in the rods. I assumed that light falling 
upon the eye liberated the visual purple from the rods, just as heat would an 
ointment, and a photograph is formed. The decomposition of the visual purple 
by light chemically stimulates the ends of the cones, and a visual impulse is set 
up which is conveyed through the optic nerve fibres to the brain. I have examined 
the retinas of several monkeys after they had beer kept in a dark room, and 
found that the visual purple was to be seen in the yellow spot, but situated 
between, and not in, the cones. This view gives a reason for a great many facts 
which were previously inexplicable. For instance, 2 bright light may fall upon 
the fovea (the centre of the yellow spot) without producing any sensation, and a 
perceptible interval elapses before we are able to see with the yellow spot, after 
the remainder of the retina, the fovea being the last point to convey a sensation 
of light. The first fact we should expect, the cones being insensitive to light ; 
the second corresponds to the diffusion into the yellow spot of the visual purple. 
All the facts of colour mixing, contrast, and after-images can be explained by the 
hypothesis that the visual purple is the visual substance. A positive rose-coloured 
after-image can be obtained after white light or any spectral colour. The ordinary 
explanation of this—namely, that the action of the hypothetical red and violet 
fibres persists longer than those for green—cannot be true, because it is exceedingly 
difficult to obtain this after-image after spectral red, and very easy to see it after 
green. It would be against the whole principle of the theory that the red fibres 
should be excited most efficiently by green. But if we assume that the visual 
purple is the visual substance, then we have an easy explanation of the facts. 

he fibres of the optic nerve pass to the visual centre. I have assumed that 
the visual centre transmits to the mind impressions of white light, and that by it 
objects are seen monochromatically, as in a photograph. The visual centre is, 
therefore, acted upon by impulses caused by all rays of light, the colour-perceiving 
centre being concerned with the quality of the impulse within the power of 
perceiving differences possessed by that centre, or portions of that centre. 

I will now apply this theory to colour-blindness, and it will be seen that it 
gives a simple explanation of the facts. 

Cases of colour-blindness may be divided into two classes, which are quite 
separate and distinct from each other, though both may be present in the same 
person. In the first class there is light as well as colour loss. In the second 
class the perception of light is the same as the normal sighted but there is a 
defect in the perception of colour. In the first class certain rays are either not 
perceived at all or very imperfectly. Both these classes are represented by 
analogous conditions in the perception of sounds. The first class of the colour- 
blind is represented by those who are unable to hear very high or very low notes. 
The second class of the colour-blind is represented by those who possess what is 
commonly called a defective musical ear. Colour-blind individuals belonging to 
this class can be arranged in a series. At one end of this series are the normal 
sighted, and at the other the totally colour-blind. The colours appear at the 
points of greatest difference, and I have classified the colour-blind in accordance 
with the number of colours which they see in the spectrum. If the normal 
sighted be designated hexachromic, those who see five colours may be called 
pentachromic ; those who see four, tetrachromic ; those who see three, trichromic ; 
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those who see two, dichromic; and the totally colour-blind, monochromic. 
There are many degrees included in the dichromic class. ‘There may or may not 
be a neutral band, and this is widest in those cases approaching most nearly to 
total colour-blindness. I have recorded a case of a patient who was colour-blind 
withoneeye. It isan interesting fact that for form vision the colour-blind eye was 
much the better of the two, and he could recognise fine lines in the spectrum with 
this eye which were not visible to the other. He saw the two ends of the spec- 
trum tinged with colour and the remainder grey. It will be noticed that his colour 
sensations were limited to the extreme red and the extreme violet—namely, those 
colours which present the greatest physical contrast to each other. Neither the 
red nor the violet appeared of the nature of a primary colour, but gave the 
impression that they were largely diluted with grey. A theory of colour vision 
must account for a case of this kind and also for the other varieties and degrees 
of coluur-blindness. The trichromic are a very important, class, and any theory 
must account for the fact that they see yellow as red-green and blue as violet- 
green. As we should theoretically expect, when there is shortening of the 
spectrum the centres of the colours are moved towards the unshortened side. 

I will conclude by showing how this theory will explain the trichromatism of 
normal colour vision. It also explains why certain persons see spectral yellow as 
red-green and spectral blue as green-violet. 1n past ages all saw the rainbow made 
up of only three colours—red, green, and violet. When a new colour appeared 
between the red and green (yellow) it is obvious that a mixture of red and green 
weuld give rise, not to red-green, but to the colour which had replaced it—namely, 
yellow. 


11. Light Aluminium Tubes. By ¥. H. Navper. 


When engaged in experimental work many are confronted with the difficulty 
of obtaining stiff pointers, which at the same time are light. In the production of 
commercial measuring instruments this same difficulty has arisen, and makers are 
being compelled to tind other means for making pointers than the old one of 
putting a flute on a piece of thin flat metal. The method generally employed is to 
bend up a piece of thin metal in the form of a tube with a loose seam; but a 
better plan is to use seamless drawn aluminium tubes which can be made with 
walls having a small thickness, such as one-thousandth of an inch. The specimens 
submitted vary from this thickness with different diameters up to three-thousandths 
of an inch or more. 


Department [].—Astronomy AND CosmicaL Puysics. 


The following Papers were read :— 


1. Exhibition of Celestial Photographs from the Yerkes Observatory. 
By A. R. Hinks, M.A. 


2. Possible Changes on the Lunar Surface. By S. A. SAuNDER, A. 


In 1864 a strong committee of the British Association was appointed for the 
purpose of ‘Mapping the Surface of the Moon.’ In their first report they laid 
stress on the necessity for thoroughly remapping and describing the surface, 
inasmuch as ‘in the present state of selenography we cannot say of any object, 
“It isnew.”’ The whole or parts of the surface had been previously mapped or 
drawn by Hevelius, Riccioli, Dominic Cassini, Schréter, Lohrmann, Beer and 
Madler; but whilst there were considerable differences between them, even in the 
larger formations, the minute detail was very inadequately represented by all. In 
1866 Schmidt announced that Linné had lost the crater form with which he had 
previously been acquainted, and was to be seen only as a small white cloudy spot. 
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This announcement drew the attention of astronomers all over Europe both to 
the spot itself and to the older records. It was found that, whilst the usual 
appearance was that of the spot described by Schmidt, it was possible to make out, 
under low illumination, a small conical hill, a minute crater, and the remains of a 
larger shallow crater, some 4” or 5’ in diameter. Lohrmann had drawn a crater 
here which he describes as very deep and visible under every illumination. 
Madler had drawn a similar crater, had frequently observed it, and remembered 
having seen shadow in the interior with the sun at an altitude of 30°. Schmidt 
himself had also seen and drawn a similar object. There was, however, found a 
drawing of Schréter’s which some have taken to represent very much what we 
see now; others have thought that it represents something different from this: and 
others again that he simply omitted to draw the crater at all, similar omissions 
being found in other drawings of his. The drawing has, however, been held by 
many to throw doubt upon the reality of the change, although the positive asser- 
tions of Lohrmann, Midler, and Schmidt appear to me to be conclusive. 

Another change on the surface was announced in 1877 by Klein, who found a 
black spot, three miles in diameter, a little north of Hyginus, and therefore nearly 
in the centre of the visible disc and in one of the best known regions of the moon. 
Many drawings were examined, but no observation of the spot could be found 
previous to 1876; subsequently to its discovery it was always a conspicuous object 
within thirty-six hours of either sunrise or sunset. The most practised observers 
agreed that it was due to a shallow bowl-shaped depression, and Schmidt, Klein, 
and Neison were all of opinion that it was the result of an actual physical change 
on the surface. 

There are many other instances of suspected change, though the evidence is 
not so strong as in the cases quoted. 

Changes of a different character are those which are periodical in their nature, 
the period being that of a lunar day. Some of these were known and described 
by Midler, who rejected the opinion held by many that they were due to vegeta- 
tion, on the ground that vegetation without air or water was beyond our compre- 
hension. A number of these spots have been studied by Professor W. H. Pickering, 
who believes that the moon has sufficient atmosphere to support some possibly low 
types of vegetation, and that the changes to be seen in such spots as those in 
Alphonsus and Atlas are really indications of vegetable life. 

These and other instances of possible change on the surface clearly lay upon us 
the duty of so mapping and describing every discoverable feature on the moon 
that future generations may be able to recognise change in any part of the surface. 
Even the best photographs show only the larger formations, those in which 
change is least likely to be noted, The more minute detail is still accessible only 
to visual observation, which must be prolonged over many lunations if all that can 
be seen is to be recorded. ‘his is too much for anyone to undertake for the whole 
surface, but it may be done for a few formations by any amateur who will devote 
himself consistently and perseveringly to the work, first laying down from the 
photographs all that can be found on them, and then filling in the details at the 
telescope with the help of a micrometer. 


3. The Relative Apparent Motions of Bright and Faint Stars. 
By Professor H. H. Turner. 


1. Sir David Gill finds for zone —40° to —52° that bright stars are increasing 
their R.A. about +0*:0012 per magnitude per year with reference to faint, 
suggesting a rotation of bright stars as a whole. This result is arrived at by com- 
paring catalogues made by eye observations from which the effect of ‘magnitude- 
equation’ has only partially been eliminated. 

2. Photographs of the same region, taken at dates sufficiently separated, would 
show this motion without any interference from ‘magnitude-equation.’ 

3. The photographs taken at Oxford in zones + 25° to + 31° for the Astrographic 
Chart, from 1892 onwards, do not yet allow of this direct method of attack on the 
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problem ; but when compared with the Cambridge observations, if the rotation sug- 
gested by Sir David Gill exists, the plates taken early should give different results 
for the Cambridge ‘ magnitude-equation’ from those taken later. The effective 
interval available is only about five years (very small), and the effective range of 
magnitudes about three. But since this implies a difference of 0°0012x5x3 
=0*018, the inquiry is not hopeless, even now. 

4, The comparison of a large number of plates gives a quantity about as large 
as that found by Sir David Gill, but of the opposite sign. If this sign is correct 
the phenomenon cannot be a rotation. 

5, Assuming it correct, we can explain the facts by assuming that the stars 
of the Milky Way are different in size from others, so different that where the 
Milky Way appears in (say) the N. hemisphere faint stars, which we take to be 
more remote than brighter ones, may be really nearer. The effect of the sun’s 
motion in space would then no longer be symmetrical about its apex, and the 
disturbance would have opposite signs in the two hemispheres, since the Milky 
‘Way appears in belts of R.A. on opposite sides of the sphere. 


4. A Standard Scale for Telescopic Observations. By Prerctvan Lowe... 


1. Present State.—At present there exists no criterion among astronomers for 
the weight to be attached to any given observation due to the atmospheric condi- 
tions under which it is made. Yet these atmospheric conditions are among the 
most important factors entering into an astronomic observation. They are far more 
to the point than the size of the instrument. For our telescopes have long since 
outstripped the conditions under which they are put to work; the great bar to 
advance to-day, whether visually, photographically, or spectroscopically, being not 
instrument but atmosphere. Hach man realises this, but marks his own work on 
his own scale, as if he should take his own foot as the unit of length. 

2. Difficulties of this Condition.—In consequence no absolute value is assign- 
able to any man’s work, and no comparison between different men’s work is possible 
whether in accuracy or credibility. The practical outcome is that the only test is 
the test of time, and while the world is waiting for confirmation of any new result 
just so many years are lost. 

As important is the incapacity to leave permanent records of observations 
capable of being compared with newer ones as time rolls on. 

3. A Change necessary—A change in this state of things is imperatively 
needed. It is time a standard scale for observations were introduced similar to 
what the metric system is, that it may do what that does for physics generally. 

4, Possibility of a Criterion—Until lately such a scale has not been feasible 
owing to ignorance of the conditions upon which it must be based. Studies how- 
ever directed to that end, first at Arequipa and then at Flagstaff, during the past 
few years have resulted in the knowledge of the conditions which constitute good 
or bad seeing, and have thus enabled an absolute scaie to be constructed. 

5. The Criterion.—The basis of the matter lies in the discovery that systems of 
waves traverse the air, several of these systems being present at once at various 
levels above the earth’s surface. The waves composing any given system are 
constant in size and differ’ for the different currents all the way from a fraction of 
an inch to several feet in length. If the wave be less than the diameter of the 
object-glass from crest to crest, the image is confused by the unequal refraction 
from the different phases of the wave. If the wave be longer than this a bodily 
oscillation of the whole image results. The first is fatal to good definition, the 
second to accurate micrometric measurement. 

It is possible to see these waves by taking out the eye-piece and putting one’s 
eye in the focus of the instrument when the tube is pointed at some suflicientiy 
bright light. It is further possible to measure their effect by careful noting of the 
character of the spurious disc and rings made by a star and the extent of the swing 
of the image in the field of view. By combining the amount of confusion with the 
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degree of bodily motion of the resulting image the definition at any time and place 
can be accurately and absolutely recorded. 

The increasing perfection of the optical image of a star testifies to the increas- 
ing lack of damaging currents with reference to the object-glass used. It records 
all the waves below a certain wave-length. Similarly the amount of bodily 
motion registers all those above that length. The two taken together give 
account of all the currents independent of the glass. 

6. The Scale.—It is therefore necessary only to agree upen some size of glass 
for making the fundamental tests and then to reduce the results to any aperture by 
relations which will be found set forth in a pamphlet by Mr. Douglas made at 
this observatory entitled ‘ Scales of Seeing.’ 

The most feasible size for comparison purposes seems the 6-inch aperture. 

The scale it is proposed to adopt is therefore as follows :-— 

With a 6-inch glass—- 


0 Disc and rings confused and enlarged. 

2 Disc and rings confused but not enlarged. 

4 Disc defined ; no evidence of rings. 

6 Dise defined ; rings broken but traceable. 

8 Disc defined ; rings complete but moving. 
10 Disc defined ; rings motionless. 


Synchronous determination of the amount of bodily motion of image in seconds 
of arc. 


5. ELxpedition for the ascertaining of the best Location of Observatories. 
By PercivaL Lowe... 


In order to discover the best place or places for the location cf telescopes in the 
future it is proposed to send observers furnished with similar instruments and 
identical instructions to all promising parts of the earth’s surface. 

Two desert-belts girdle the earth in the sub-tropical regions of Capricorn and 
Cancer, and from the meteorologic conditions there prevailing these belts offer the 
greatest promise to the astronomer. In the northern hemisphere the belt shows 
itself first in the Sahara of Africa, then in Arabia, then in the desert of Gobi, and, 
crossing the Pacific, crops out again in Arizona and Mexico. Of these the two 
with the greatest height for their plateaux are Arizona and Mexico and the desert 
of Gobi. In the southern hemisphere we have the veldt of southern Africa, the 
western part of Australia, and finally the west coast of Peru and Bolivia. Of these 
the last is the highest and the Transvaal the next. 

With regard to these places we have the most systematic series of records from 
Arizona, the next so from Peru, some slight knowledge of the Sahara, and next to 
none of any other locality. 

Although the desert-belts promise the best, other localities widely different 
should also be examined. Chief among these perhaps are the islands of the Pacific. 

It is desirable, therefore, to send out observers somewhat as follows : 


1. To the desert of Gobi. 
2. To the veldt of the Transvaal. 
3. To the Samoan Islands. 


The observations made at these points could then be repeated elsewhere till 
the earth’s surface should be known from an astronomic point of view. 

Each observer is to be armed with a 6-inch glass, all the glasses to be made by the 
same maker (for instance, Alvan Clark & Sons’ Corporation), and to report according 
to the proposed standard scale of ‘ seeing.’ 

It is thus important that the said scale should be agreed to by astronomers 
generally before the various expeditions start. 


——— 
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6. Spectrogrums of Jupiter, Uranus, and Vesta. By Purcivan Lowe... 


Both I, and II. (spectrograms of Jupiter) were taken, practically at the same 
epoch, about two months before opposition, 1902. The spectrum of the planet 
occupies the centre, the comparison spectrum, iron, ying on both sides. , 

I. Slit parallel to the polar axis of the planet. ‘The dark lines of the planet's 
spectrum run straight across, but are all shifted noticeably toward the violet, 
due to the earth’s approaching Jupiter at the time. By measuring this shift it is 
possible to tell the date of the photograph. ; ee 

Running lengthwise of the spectrum, and on either side its centre, are two 
hazy dark bands. ‘These are the dark tropical belts of the planet. This is proved 
by comparison with II. in which they are absent. at 

II. Slit parallel to planet's equator. No lengthwise dark bands visible, the 
slit taking in only the light equatorial region between them. ; 

The lines in this photograph all slant from the lower right-hand side to the 
upper left-hand side when the violet end is made the top. ‘his is the effect of the 
planet’s rotation and is very evident. P ' 

Furthermore, the right side of the planet’s spectrum fades off, the left side 
ending abruptly. This is due to the planet’s phase. It leing before opposition, 
the phase was on the side carried away from the earth by the body’s rotation. 
This agrees with the shift in the lines—toward the red on the right. In I., on 
the other hand, both sides of the spectrum band are nearly alike and both are 
more definite than the right side of LL, less so than the left side of it. This 
agrees with the known fading out of the planet toward the limb—when full. 

ILI. Spectrogram of Uranus with Saturn for comparison spectrum on either 
side. 

A dark band appears in the spectrum of Uranus in the yellow, which has no 
counterpart in that of Saturn. f 

IV. Spectrogram of Vesta with Saturn as comparison spectrum on either hand. 
Vesta’s spectrum has no gaps like that of Uranus. 


7. The Uncertainiy of our present Knowledge of the Distance of the Sun. 
By A. R. Hiyks, 


In 1896 it was resolved to adopt in all the Nautical Almanacs a uniform value 
8-80 for the solar parallax. The four determinations of principal weight 
were :— 


From Gill’s heliometer observations of minor planets, 8’”'802, 

From all determinations of the constant of aberration, 8/799. 

From all determinations of the parallactic inequality of the Moon, 8’”"794. 
From mass of Earth found from motion of node of Venus, 8’°762. 


The evidence was thus three to one in favour of 8’”:80. 

Since this discussion was completed by Newcomb, the evidence has begtin to 
give way. New determinations of the aberration constant and of the theoretical 
relation between the parallactic inequality and the solar parallax have agreed in 
reducing two of the results, so that the evidence now stands— 


From Gill’s heliometer observations of minor planets, 8802. 

From constant of aberration of light (Newcomb’s latest discussion), 8’ 777. 
From the parallactic inequality of the moon, less than 8773. 

From motion of node of Venus, 8/762. 


The evidence is now three to oue in favour of a value less than 8°78. It 
is therefore peculiarly important to know as soon as possible the result of the 
observation recently made upon Eros. The author outlined a scheme by which 
nine days’ photographs made and measured at some eight observatories would be 
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reduced at Cambridge, and expressed the hope that by thus limiting, in the first 
place, the programme of reductions it would be possible to say in two or three 
years what was the verdict of Eros. 


8. The Positions of Hydrogen and Helium in Relation to the Earth’s 
Atmosphere. By Professor G. H. Bryan, F.R.S. 


Or 
or 
<) 
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Section B.—CHEMISTRY. 


PRESIDENT OF THE SECTION—Professor EpwarD Divers, M.D 
F.R.S., V.P.C.S. 


THURSDAY, SEPTEMBER 11. 
The President delivered the following Address :— 


The Atomic Theory without Hypothesis. 


In opening the Chemical Section of the British Association in this city and in the 
halls of the Queen’s College my first words must be those of reverence for the 
memory of Thomas Andrews, for so many years the Professor of Chemistry in 
this College, whose investigations into the properties of gases—above all, those 
which resulted in the recognition and determination of the critical pressure 
and temperature of carbonic anhydride—have become a part of the foundation of 
the Kinetic Theory of Gases. At the Meeting of the British Association here 
in 1852 Andrews was President of this Section, and again at the Meeting in 
Edinburgh in 1871, 

Since the Meeting last year another distinguished chemist, formerly professor 
in one of the Queen’s Colleges, Maxwell Simpson, has also passed away. He, too, 
acted as President of this Section—namely, at the Meeting in Dublin in 1878, 
The work by which Simpson’s name will ever be recalled is more especially that 
upon the synthesis of polybasic organic acids. 

One other name must not be left unmentioned in this Address: it is that of a 
long-time Fellow of the Chemical Society who has been intimately connected with 
the British Association—I mean that of George Griffith, the genial and most 
effective Assistant General Secretary of the Association for so many years, who 
died four months ago. He had visited Belfast in the spring and made the pre- 
liminary arrangements with the Local Committee for this Meeting. He joined 
the Chemical Society in 1859—just one year before I did—and remained a Fellow 
until his death. 

It is now almost a century ago since John Dalton made known to the world 
his theory of the nature of chemical combination by the publication of a table of 
atomic weights. He had heen occupying himself for some years with the study 
of the physical properties and atomic constitution of gases before he was led to 
extend the notion of the atom to chemical phenomena, and thus to form that 
conception which was to become celebrated as the atomic theory. In his labora- 
tory note-books, preserved from 1802 onwards, the publication and analysis of 
which we owe to Sir Henry Roscoe and Dr. Harden, no reference is made to the 
theory till 1808, but we may well believe with Henry that it was already in 
Dalton’s mind just a hundred years ago. But however that may have been, it seems 
fitting in a year so closely approaching the centennial of its publication as the 
present that the occupier of this Chair should address his audience on a subject of 
such general interest and importance as the atomic theory, if indeed there remains 
anything to be said on a subject which has so long and go fully engaged attention. 
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I dare not assert that I have found anything actually novel to bring before you 
with regard to the atomic theory, but I may say that there has certainly long 
seemed to me to exist the need to treat it as being a true theory instead of as an 
hypothesis, and to teach it and discuss it accordingly. 

In thus setting forth what appears to me to be the proper form of the atomic 
theory, I shall have, at the risk of overtaxing your patience, to restate and 
examine most of the fundamental and familiar principles of our science in order 
to illustrate and justify the view I take. Not only this, but in order as directly 
and briefly as possible to meet the objection that whatever the atomic theory 
may be it cannot be introduced to the student of chemical philosophy in another 
form than that now in use. I shall sometimes have to adopt, in order to show 
what can be done, a didactic method which, in most other circumstances, would 
be quite inexcusable before so distinguished an assembly. 

The atomic theory of chemistry stands unsurpassed for the way in which it 
has fulfilled the purpose of every great theory, that of giving intellectual mastery 
of the phenomena of which it treats. But in the form in which it was enun- 
ciated, and still is universally expressed and accepted, it has the defect of resting 
upon a metaphysical basis, namely, upon the ancient hypothesis that bodies are 
not continuous in texture, but consist of discrete, uJtra-minute particles whose 
properties, if known, would account for those of the bodies themselves. Hence it 
has happened that, despite the light it throws upon the relations of chemical phe- 
nomena and the simple means it affords of expressing these relations, this theory 
has always been regarded with misgiving, and failed to achieve that explicit recogni- 
tion which its abounding merit calls for. Indeed, the desire has been expressed to 
see the time when something on a more solid foundation shall have taken its place. 

Now, it is not my intention to discuss the merits or demerits of the atomic 
hypothesis, which can indeed no longer be treated as a merely metaphysical specu- 
lation. What I would do to-day is to impress upon you that, in spite of all that 
has been said and written about the atomic hypothesis in connection with chemistry, 
the atomic theory propounded by Dalton and adopted, implicitly at least, by all 
chemists, is not founded upon the metaphysical conception of material discontinuity, 
and is not explained or illuminated by it. Tor if that should be the case there 
will no longer exist any grounds for hesitation in accepting the theory quite ex- 
plicitly, and then the anomalous condition of things will be removed of a theory 
being in universal use without its truth being freely and openly admitted. For 
the sake of clearness, it is convenient to restrict the term ‘ atomic hypothesis’ to 
the old metaphysical view of the discontinuity of matter whilst applying the term 
‘atomic theory’ to the current elaborated form of the Daltonian theory; this 
distinction is adhered to in the present Address. 

In the peroration to his admirable discourse upon atomic weights or masses 
delivered before the Chemical Society in 1892 as the Stas Memorial Lecture 
Professor Mallet, F.R.S., said: ‘ By the chemist at his balance the arm of reason 
is directed into those regions of almost inconceivable minuteness, which lie as far 
beyond the reach of the most powerful microscope as that carries us beyond the 
reach of the naked eye, quite as impressively as that same arm is stretched forth 
be the astronomer at his divided circle to reach and to weigh the mighty planets 
that shine in the remotest regions of our solar system.’ On two occasions I have 
heard the same comparison between the chemist and the astronomer made by Lord 
Kelvin when he was in the company of chemists ; and undoubtedly both these high 
authorities have only then expiessed the general view as to the nature of the 
domain of the chemist. Yet I venture to question whether there is anything in 
the ways and work of the chemist to support such a view and give point to Mallet 
and Kelvin’s comparison. If, indeed, chemistry is a science which rests upon the 
atomic hypothesis and, therefore, would cease to exist in the form into which it 
has developed, should matter prove to be continuous and not discrete, nothing can 
be said against the view that it is a science of the minute. But I am sure there 
can be no one ready to maintain that, if the hypothesis of the atomic constitution 
of substances were an unfounded one, the atomic theory would have been a dis- 
covery of no great importance ; and Dalton himself, instead of being the founder 
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of the chemistry of to-day, have been little more than the discoverer of the law of 
multiple proportions. If that cannot be maintained, what, then, becomes of this 
conception of chemistry as dealing with the minute? So far us comparison can 
be made between the oparations of the astronomer and the chemist, it is the 
former and not the latter who, as a matter of fact, deals with the almost infinitely 
minute. For if, indeed, the chemist often works upon comparatively small amounts 
of substances, and, consequently, with very sensitive balances, that is, as we all 
know, only for reasons of economy of time, materials, and apparatus; otherwise 
he works on the largest possible scale, with the object of attaining to the highest 
degree of accuracy and perfection. The astronomer, on the other hand, has, per- 
force, to deal with the smallest visible things in nature, the nearest approach there 
is to geometrical points, those fixed points of light in the heavens which are only 
known through scientific investigation to be other than what they seem to be. It is, 
therefore, only as interpreted by the atomic hypothesis that chemistry can be said 
to deal with the minute. 

When the atomic theory is expounded in the usual way it is commonly and 
correctly stated that, on the assumption that substances consist of minute indi- 
visible particles having weights or masses bearing the ratios of the combining 
numbers assigned to them, the laws of chemical combination by weight neces- 
sarily follow, and are thereby explained. But then the converse is not true—that 
because chemical combination obeys the well-known laws, substances consist of 
discrete particles. Nor does the assumption of the truth of the atomic hypothesis 
afford any real explanation of the facts expressed by the laws of chemical combina- 
tion, or more comprehensively by the atomic theory, when that theory is given in 
non-hypothetical terms, It is just as difficult to see why the atoms should possess 
the weights on chemical grounds assigned to them, as to see why substances interact. 
in the proportions that they do; that they do do so is, in either case, an ultimate 
fact, for which no explanation has presented itself. The atomic hypothesis masks 
this ignorance and deadens inquisitiveness. Notwithstanding all this, which js 
incontrovertible, it is certainly a common opinion that in chemistry we investigate 
the minute and intimate constitution of things. 

But if, after all, chemistry does not deal with the minute. or, rather, if it has no 
concern with the magnitude of single bodies or their molecules; if the atomic 
hypothesis is not the foundation of, or necessary to, the atomic theory, then it is 
certainly most desirable and important that the theory of chemistry, which, with 
all its modern developments, I take to be indisputably the atomic theory of Dalton, 
should be held and expounded without any reference to the physical constitution 
of matter, in so far as that remains unknown. The opinion that chemical theory 
should be developed without reference to the atomic hypcthesis has indeed all 
along been held by many eminent chemists; but then the dilemma appears to 
have presented itself to them, that either the atomic hypothesis must be granted, 
or the atomic theory must be dispensed with, since it falls with the hypothesis. 
That dilemma I do not recognise, and the practice of chemists shows beyond doubt 
that it is always ignored. Investigators use the theory, whether they admit it or 
not; teachers of the science find it indispensable to their task, however much they 
may deprecate, and rightly so, unreserved acceptance of the atomic hypothesis astrue. 

Refusing to commit themselves to belief in the hypothesis, chemists have 
thought from the first to escape the adoption of the atomic theory by putting 
Dalton’s discovery into something like these words : Numbers, called proportional or 
combining numbers, can ke assigned to the chemical elements—one to each—which 
will express all the ratios of the weights or masses in which substances interact 
and combine together. Perhaps the atomic theory is here successfully set aside 
by expressing what is an actuality as an unaccounted-for possibility. But then those 
who use any such mode of expressing the facts, without reference to the theory, 
never fail also to adopt the doctrine of equivalents, and thus, by this double act, 
implicitly give in their adherence to the theory. 

Divested of all reference to the physical constitution of matter, the atomic 
theory is that the quantities of substances which interact in single chemical changes 
are equal to one another,—as truly equal in one way as equal masses are in another, — 
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and, therefore, that chemical interaction is a measure of quantity of unlike sub- 
stances, distinct from and independent of dynamical or mass measurement. 

Dalton, indeed, did not express himself in any such terms, his mind being fully 

ossessed with the ancient and current belief upon which he framed his theory 
that substances are made up of minute, discrete particles. But it is clear enough 
that his theory was that of the existence of another order of equality between 
substances than that of weight. Up to his time, the weight or mass of every 
ultimate particle of any substance whatever appears to have been assumed to 
be the same, the atoms being alike in every way. That assumption is still made 
by many thinkers, chemists among them; we meet it, for example, in the different 
forms of the hypothesis that the elements are all, in some way, physically com- 
pounded of a universal and only true element, as in Prout’s hypothesis. Dalton saw 
things differently, and recognised that, on the assumption of substances being 
constituted of particles which never subdivide, weight or mass cannot be the same 
for every such particle, except in the case of those of any one simple substance. 
Therefore, having given some numbers showing what he believed to be the respec- 
tive weights of the atoms of several simple substances, taking that of hydrogen as 
of unit-weight, he proceeded at once to invent symbols for these atoms to indicate, 
not only their distinctness in kind, but above all things their indivisibility and 
their equality, properties which the use of their atomic numbers would have 
inadvertently concealed or even apparently denied, and could never have expressed 
or connoted. 

It was only in this immediate invention and use of chemical symbols that 
Dalton’s conception found clear expression ; and again it is by the universal adop- 
tion of such symbols that chemists have shown their real acceptance of the atomic 
theory, even while displaying, not infrequently, their scepticism as to its truth. The 
replacement by Berzelius of Dalton’s marked circles for atomic symbols by letters 
which should recall the names of the substances was in a way a great improve- 
ment, but it has had the serious consequence of causing chemical symbols to be 
usually first brought under notice merely as serviceable abbreviations for the names 
of the elements, and only then described as representing their atomic quantities. 
Now, evidently, what the character used as symbol shall be is, theoretically con- 
sidered, but a petty detail ; the vital pointis what the character symbolises, and that 
is the atom. It does not symbolise the name; it only indicates that and recalls it. 
It may be said indeed to represent the atomic number, since it stands in place of it ; 
but it is made to do so only in order that we may for the time forget this number 
and have in mind the integral character of the atom. It is not the 4006 parts 
of sodium hydroxide and 8097 parts of hydrobromic acid, or approximately twice 
as much of the latter as of the former; it is not these gravimetrically expressed 
interacting quantities that we are to think of when the formule NaOH and HBr 
are before us, as we too often strive to do ; it is not these, from a chemical point 
of view, meaningless numbers of parts, but quantities which are equal in the sense 
of chemistry, that are expressed as such by these symbolic formule. The real 
purpose of chemical formulation is not to abbreviate or replace language, but to 
facilitate, if not ensure, abstraction from and non-contemplation of gravimetric 
numbers. 

I have just passed from atomic symbols to the formule of molecules; but this 
was not without warrant. In the form in which I have enunciated the atomic 
theory, it relates to the chemical interaction of substances, whether compound or 
simple, and the equality of the quantities concerned is the equality of molecules, 
since these are the quantities of substances entering into or coming out from 
single chemical interactions. Were it not, therefore, for fear of confounding it 
with the mechanical theory of that name, the atomic theory should be called 
the molecular theory of chemistry. It might, indeed, have happened to be 
so called by its author, for Dalton has told us that he had in mind both atom 
and molecule as names for his chemically ultimate particles, and chose the 
former because it carried with it the notion of indivisibility. He extended also, 
as we do, the use of the term ‘atom’ to chemically compound substances, since 
their combining quantities are chemically indivisible. 
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Next, I would point out that in the atomic theory the notions of indivisibility 
and equality are inseparably involved. ‘The indivisibility of atom and molecule 
is not absolute or ultimate, and Dalton distinctly guarded himself against being 
understood to claim for the atom more than chemical indivisibility, and chemists 
of to-day assert no more than this, This indivisibility being conditioned by 
the equality of molecules, the importance of emphasising it rests only upon the 
danger, when it is overlooked, of losing sight also of the chemical equality 
through the gravimetric inequality receiving numerical expression, and thereby 
conveying the notion of divisibility, though only gravimetrically. The idea 
of indivisibility in connection with the atom or molecule is intrinsically quite 
subordinate to that of equality; for equality, being unity or oneness brought 
into relation with itself, the conception of it carries with it and includes that of 
indivisibility. Any rational hypothesis as to substances consisting of ultimate 
particles will include the notion of their being indivisible particles; and the 
import of the hypothesis in chemical theory must lie, therefore, not in this 
indivisibility, but in the nature of the equality of the particles. By his atomic 
theory Dalton asserted that where the substances are different this equality is 
chemical instead of gravimetric. 

Molecules are equal in the sense that they are quantities of their substances 
which are interdependent and coordinate in any and every single chemical 
change in which they take part together. It is a form of equality for which 
no close parallel can be found; but as to that it should be remembered that this 
equality relates to the phenomena of the tranformations of substances into each 
other, which, though they form so large a part of the phenomena of the universe, 
are fundamentally distinct in nature from the rest of the behaviour of bodies 
throughout which the substance remains what it was. In some agreement with 
it there is that of mechanical pressures when these balance or neutralise each 
other, and therefore are opposite and mutually destructive though equal. Dut 
such pressures when exerted in the same direction are also equal in their effect 
on any body in their path, whereas in chemical interactions the effects of 
molecules or equal quantities of two unlike substances are only equal in the 
sense that each is that quantity which interacts with the same quantity of some 
third substance, which itself proves to be also a chemically equal quantity to 
them. For the products of the interaction in the one case are in part at least 
not the same as those in the other, though all prove chemically equal in further 
interactions. 

To give an example: the molecule of ammonia is equal to that of aldehyde 
in that it combines with it and with it disappears, or ceases to exist as such. 
For the same reason it is equal to the molecule of hydrocyanic acid, and molecules 
of aldehyde and hydrocyanie acid equal to each other, because they, too, combine 
and disappear as such in doing so. But the molecule of ammonia again equals 
that of aldehyde in effecting transformation of hydrocyanic acid and its own 
self into something else. And lastly, chemically equal or molecular are the 
products of these combinations; aldehyde ammonia, ammonium cyanide, and 
aldehyde-cyanhydrine, not only among themselves, but also with the quantities of 
ammonia, aldehyde, and hydrocyanic acid from which they come and into which 
they return in other chemical changes. But with all this quantitative equality 
in transforming power, the substances produced are unlike and, each to each, 
peculiar to one of the three acts of chemical combination; and on this account 
exception may be taken to the treatment of molecules as equal chemical quantities. 
Yet the equality of molecules here asserted is but an extension of what is meant 
by the equivalence of certain 2toms and radicals, since the atom and the radical 
are, nowadays, conceptions entirely dependent upon and derived from that of the 
molecule (apart, of course, from the atomic hypothesis); and this universally 
allowed equivalence admittedly does not extend to the identity of the products 
of the replacing activity of the atoms and radicals. 

Quantitative equality and equivalency, it is true, have not the same meaning, 
equivalence being used to denote qualified equality, equality in certain specitied 
ways, of quantities not equal in all other ways and possibly in no other.. Quantities 
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of different substances cannot, strictly speaking, ever be equal, and can only be 
styled so in the sense of being equivalent; for were they equal in every way 
the substances would obviously be the same. But this fact, if it ever strikes one, 
is ignored by universal custom, and quantities of substances, however unlike— 
feathers, air, water, salt,and what not—are taken to be all equal, even by chemists 
as by the world at large, if only they have the same weight, notwithstanding the 
incongruities of the substances. I proceed now to show the baselessness of this 
conviction, but only to bring out more strongly the claim of chemical activity to 
equal rights with weight or mass in determining what are equal quantities of 
substances, for I am aware that here I have nothing to tell you that you do not 
already know. Weight being only the gravitational measure of mass, which 
itself is independent of it, quantities of substances are held to be equal when their 
masses are equal. Now, mass is quantity of matter. But what then is meant by 
matter? The answer must be either that it is a general term for any and all 
substances, or else that it is the common basis of all substances, which presents 
itself in all the different forms which are known to us as such, by virtue of a 
corresponding variety in its intestinal motions. I gladly pass over the latter 
answer without discussing it, on the ground that it introduces the subject of the 
intimate constitution of substances, which it is my set purpose to keep independent 
of in this discourse. I will only say of it that it would probably be the answer of 
many physicists and chemists, and yet that it gives such a limitation to the nature 
of matter as makes the common expression ‘ constitution of matter’ devoid of all 
meaning. That expression means, and can only mean, the constitution of sub- 
stances in common; and this brings me to the first answer, that matter is the term 
standing for all substances in common. Now, one thing which all substances 
possess in common is the property of resisting pressures; pressures not only of 
moving bodies, but of the motions of the ether and electrons. Measured or 
quantified, resistance becomes mass, all that can be signified by this term being 
the quantity of the resistance or inertia a substance exhibits when tested. It is 
the measure of a property of the substance, that is all; and there is no other way 
of quantifying a substance than through some one of its properties. No quantities 
of different substances can, as such, be commensurable throughout ; and when 
compared and measured through some common property, such as the possession of 
mass, the equivalence or pseudo-equality found by this means is not the same as 
that found when some other common property is taken as the means of measure- 
ment. But experience has shown that though there are several rational and 
comprehensive ways of instituting, through some common property, comparisons 
between quantities of different substances, they all, with the exception of that of 
weighing, agree more or less exactly in pointing to the same order of equivalence, 
that of chemical activity ; for with this are colligated those of gaseous volume and 
the other well-known physical activities, which give nearly the same quantities as 
it gives of different substances as being molecularly equivalent. There are, 
therefore, essentially only two measures of quantitative equivalency or pseudo- 
equality between substances, the dynamical and the chemical or molecular, the 
one wholly independent of and the other wholly dependent upon the particular 
nature of the substances compared. The former is the measure of dynamical 
phenomena, those of changes of bodies, due to their impacts and pressures, which 
may lead to their deformation and disruption, but do not involve transformations 
of the substances of the bodies into others; the latter is the measure of chemical 
phenomena, those of changes of budies induced by such of their interactions as 
do involve transformations of the substances of the interacting bodies into other 
substances. Since it is already settled for us by custom that quantities of different 
substances are to be called equal when or because they are equivalent gravimetri- 
cally, and as it is not to be supposed that we shall ever give up calling 16 kilos, 
of oxygen, of salt, of chalk, and of every other substance, however unlike, equal 
quantities of them from the gravimetric point of view, we have no choice but also 
to eall molecular quantities of these substances equal from the chemical point of 
view, if the claim to coordination in equality of chemical with gravimetric 
equivalency is to be asserted and maintained. 
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The contention that chemical equality must be regarded as of as clearly defined 
a nature as gravimetric equality becomes the more weighty when it is reflected 
that our very definite views concerning gravimetric equality are due solely to the 
law of conservation of mass, the evidence for and against which, I may remind 
you, is just now to be discussed by Lord Rayleigh before the Physical Section. 
The mass of one pound of sodium remains unchanged when the metal is con- 
verted into salt, washing soda, or borax; if this were not the case, gravimetric 
equality would be just as definite as it is now but physicists would have to argue 
for its general recognition in much the same way as I am doing now for the 
recognition of chemical equality. 

In further justification of this claim of chemical equality to coordinate 
rank with dynamical equality in the quantification of substances it may be 
well to take the fact into consideration that the determination of the former 
is independent of that of the latter. Overlooking the difficulties of the task, 
let there be at hand or always procurable unlimited numbers of parcels of 
the different substances to be experimented upon, each of which, by other 
means than weighing, such as spatial measurement, can be known to be equal 
to, or greater or less than, other parcels of the same substances. Suppose, now, 
that after many trials, one of a number of equal portions of sodium hydroxide 
has been found to be the quantity just necessary to interact with one of a number 
of portions of hydrochloric acid also equal among themselves, The products of the 
interaction will be some water and some salt. We can now have placed before us 
a parcel of sodium hydroxide equal to that previously used, another of hydrochloric 
acid also equal to that used, and the water and the salt obtained, and then have 
before us chemically equal quantities of four substances. Let now, by spatial 
measurement, a number of parcels of water be portioned out, all equal to that of 
the water obtained, and a number of parcels of salt equal to that of the salt 
obtained. By a series of trials we find a quantity of silver nitrate just sufficient 
to interact with the sodium chloride, and having, by supposition, taken this quan- 
tity of silver nitrate from a lot of other parcels equal to it, we find that one of 
these is just sufficient to interact with one of the portions of hydrochloric acid 
equal to that used in producing one of the portions of salt. Further, we find that 
the salt and the hydrochloric acid each produce a substance which is the same, 
namely, silver chloride, and in the same quantity as the other. Along with it in 
the case of the salt, is sodium nitrate, and in the case of the hydrochloric acid, 
nitric acid. We can then find that this quantity of nitric acid is just enough to 
interact with one of those of sodium hydroxide, and thereby produce quanti- 
ties of sodium nitrate and water, respectively equal to those obtained in the other 
interactions. If now we conjoin with these experiments others in which 
hydrogen, sodium, and silver are each caused to combine with chlorine, and 
others in which hydrochloric acid, silver chloride, and sodium chloride are electro- 
lysed into these elementary substances, evidence is obtained of such facts of chemi- 
cal composition and decomposition and of double decomposition (or what happens 
when compounds interact) as those upon which the science of chemistry is framed. 

In teaching chemistry the point is kept too much in the background, if not 
altogether out of sight, that the chemical equality of quantities of different sub- 
stances is independent of all other relations of equality between them, and that, 
therefore, its validity is not affected by the fact of-its terms agreeing with some 
and not with other terms of equalities determined in other ways. Instead of 
bringing out this point the molecule of water is given out as being, primarily and 
prominently, that quantity which has eighteen units of mass and which measures 
two unit volumes. Both statements happen in the nature of things to be true, but 
neither of them describes the molecule. Let it be clearly understood from 
illustrative examples what is meant by ‘chemically equal,’ and there is hardly 
more to be said as to what constitutes a molecule of water than that it is the 

uantity of it chemically equal to that of some other substance presenting itself 

or comparison. ‘ Molecule’ is a term of relation: it stands for an equal quantity, 
not for any particular quantity ; but as such it is as easy to understand and as 
indefinable as an equal volume or an equal weight of a substance. 
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It is then only as colligated equalities, established by experiment, that gaseous 
volumes, osmotic pressures, and other properties of substances come into considera- 
tion, first as enforcing the truth of the conception of the indicated quantities as 
equal, and then as the means of molecular: measurement without resort to 
chemical change. But of the purposes served by the colligative properties, that 
of giving molecular measurements without recourse to the evidence afforded by 
chemical change is well known to be of the very widest application. To 
determine chemically the molecuiar equalities of substances. single chemical 
changes of suitable character, changes which are cases of double decomposition, 
have to be looked for; and to know these with the desirable degree of certainty 
calls for a much larger acquaintance with the chemical behaviour of the substances 
than can usually be gained at the early stage of work when the knowledge of the 
molecule is of the utmost assistance in the further investigation of the nature of 
the substances. Consequently, it is nearly always through recourse to physical 
methods that the molecule is first ascertained, and then through the molecule the 
certainty acquired that some particular interaction is a single one, thus reversing 
the normal order of things, which undoubtedly is that the molecule in chemistry, 
however it may have been first determined, is recognised as such by being what 
it is in chemical change. 

I shall have been wholly misunderstood py you if you suppose that I would 
make light of the importance of the balance in chemical operations, or of the 
value of its indications in chemical investigations. Once the weights of mole- 
cular or atomic quantities have been ascertained the balance becomes the most 
accurate and generally the most easily applied instrument for apportioning 
substances in these quantities. Chemical interaction, to be employed in this way 
and without the aid of the balance, is practically useless, for the reason that it 
involves the destruction of the quantities it measures. Out of this dependence on 
the balance arises the exceeding importance of accurate tables of atomic weights, 
from which molecular weights are derived by addition; but the place for these 
tables is not on the walls of the lecture-theatre, but in the laboratory pocket-book 
and, perhaps, in the balance-room. Besides the use of the balance and of atomic 
weight tables for getting and calculating out molecules of different substances at 
pleasure, there is the indispensable service they perform in enabling chemical 
analysis to be carried out and applied to the solution of the problems offered by 
chemical change. The primary problem of every science is to find some element 
of sameness in the diversity of its phenomena, in order that they may be com- 
pared, a problem which was solved for chemistry to a large extent by Dalton, and 
ceasedi to exist when the distinction had been made between molecule and atom. 
But this having been solved, there comes the other problem, namely, to find 
definite, that is, quantitative differences in the midst of the uniformities, and these 
for the chemist are differences of mass or weight. Through that redistribution of 
mass which attends chemical interactions it has been possible to trace out to some 
extent the nature of the transformation of substances and develop the science on 
the lines of chemical composition and chemical constitution. Thus, then, the 
balance has become and will continue to be the necessary instrument of chemical 
research ; but again I would remind you that it records its facts in units which 
are not ours, and of which we avail ourselves only as the means to an end. 
Sodium chloride is chemically composed, not of 3545 equal parts of chlorine with 
2305 of the same equal parts of sodium, but of equal quantities of these simple 
substances. ds ; : 

The theory of chemical molecules or equalities and their relations to the 
equalities between the weights and gaseous volumes of different substances were 
brought to light not by Richter’s law of chemical combining proportions, and not 
by Avogadro's hypothesis as to there being equal numbers of particles in the same 
( different gases, but in the first place by Dalton’s atomic theory and 
law of simply related gaseons volumes in chemical change; and 
then, much more fully in the middle of the last century, through the brilliant 
work of Gerhardt, Williamson, Laurent, Odling, Wurtz, and others, in the purely 
chemical field. Dalton gave us the conception of the molecule, thoug> confused 
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with that of the atom, as the unit of measure of chemical activity in place of the 
gravimetric unit; the work of the chemists of the last mid-century ‘gave us a 
fuller conception of the molecule, along with the notion of chemical change as 
being substitution in the molecule effected by what became known as double 
decomposition. Up to that time chemistry had been treated only as the science 
of compounding and decompounding or reducing. Sodium added to oxygen gives 
soda, sulphur added to oxygen gives sulphuric anhydride, soda added to the 
anhydride gives sodium sulphate, ethylene added to chlorine gives dichlorethane, 
water subtracted from alcohol leaves ether, and so forth. All this is strictly true 
in a limited way, but then it is not chemistry; and the addition precedes and 
does not constitute the chemical union. In the sodium sulphate we perceive no 
soda, no anhydride, no sodium, sulphur, or oxygen. That is to say, there is 
evidence of the addition and subtraction of mass and some other such evidence; 
but, for the rest, evidence of addition there is none. Were it otherwise there 
could be no chemistry. It is true that one of the great things accomplished by 
chemistry has been that of establishing the law of the conservation of mass, with- 
out which to rely upon the chemist would be unable to carry on his experimental 
investigations. But that is only because, like the steady point to the seismologist, it 
is there unchangeable when all else is changing. Since it is the law of no change, 
it cannot serve to explain whatis change. Far from being the science of the compo- 
sition of substances, chemistry might be defined as being the science of the non- 
composition of substances where that composition might have been looked for 
from the antecedents. If salt is verily a compound of sodium and chlorine, and 
can be broken up into these, why have the fragments not the marks on them of 
that whole of which they formed a part? It is true that 5850 parts of salt 
become 3545 parts of chlorine and 2305 parts of sodium, nothing being gained 
or lost in weight ; but to account for that there is no need of chemistry, a science 
which takes cognisance of the phenomena of change, and not of those of un- 
changed properties. The use of the word ‘composition’ in chemistry cannot be 
discarded now, and all that is necessary to make it unobjectionable is to see that 
the term is always qualified by the prefix ‘chemical’ when there is a possibility 
of mistake about its significance, and that: that significance is carefully explained, 
if not defined and fully illustrated, before it is given over to the beginner. 

The facts of a chemical nature about common salt which cause the statement 
to be made that it is a chemical compound of chlorine and sodium are such as these. 
Salt can be wholly changed into sodium and chlorine ; these substances brought 
together change into salt and nothing else ; salt and sodium, each under conditions 
appropriate to it, change into the same substance, called also a sodium compound, 
such as sodium hydroxide; salt and chlorine, each in its own way, change into 
the same chlorine compound, such as hydrochloric acid; neither sodium nor 
chlorine, one apart from the other or the other’s chemical compounds, ever changes 
into salt ; salt is, directly or indirectly, producible in the chemical interaction of 
a sodium compound with a chlorine compound ; the properties of salt are much 
less like those of either sodium or chlorine than like those of some other sub- 
stances; in sensible and other physical properties the chemically compound 

_ substance, salt, is as simple as or simpler than either of the chemically simple 
substances, sodium and chlorine; lastly, the laws of combining proportion by 
weight are obeyed in all the chemical changes in which salt takes part. 

With exclusive reference to such facts as these, the chemical composition of a 
substance will, I think, be found to be satisfactorily defined, as its baving the 
power, capacity, or property of being wholly producible from and wholly con- 
vertible into, directly or indirectly, those substances of which it is said to be 
composed. A simple substance differs from one that is compound only in not 
possessing the power of being by itself convertible into two others, or of being 

roduced alone from any two others, Simple substances are not less varied or 
ess complex in their physical properties than compound substances, while their 
chemical constitution is often more problematic than that of many which are com- 
pound, The term ‘simple,’ therefore, is as misleading in the language of chemistry 
as ‘compound,’ unless defined and qualified in use by the word ‘ chemically,’ 
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The ground really occupied by chemical composition in theoretical chemistry is 
now greatly limited; for with the full acceptance of the idea of the molecule and 
of the atom as a derivative of it, its place has been taken by chemical constitution 
to an extent hardly realised. The useful and practically necessary expression 
of the results of the quantitative analysis of a new substance gravimetrically 
is all that can strictly receive the name of its chemical composition. When 
the term is applied more widely it is used for what are really the simpler forms of 
chemical constitution. It was otherwise before the conception of the molecule 
had become current and the atom had become a derived function of the molecule. 
Chemical composition as expressed by Dalton in atoms is indeed that and nothing 
else. Carbonic anhydride is composed, according to him, of two atoms of oxygen to 
one of carbon, as against carbonic oxide which is composed of one; marsh gas of 
two atoms of hydrogen to one of carbon, as against olefiant gas composed of one. 
But then it was only numerical necessity which led him to adopt such a mode of 
expressing the facts. The same necessity, it is true, affects us also in the matter 
of carbon dioxide, of water, and of ammonia, but how little it does so is shown by 
the many cases in which the empirical or simple composition is expressed in 
multiples. The atomic chemical composition of ethylene is two of hydrogen to 
one of carhon, and that of benzene one of hydrogen to one of carbon. When we 
say, as we always do, that the one substance is ‘ composed’ of four atoms of hydro- 
gen to two of carbon, and the other of six of hydrogen to six of carbon, we give 
what is information concerning the constitution of these substances. Call it the 
composition of the molecule as we may, it is evident that by composition we 
can here mean only constitution. As with polymerism, so with isomerism, and 
in a more marked way. Mercurous sulphate and mercuric oxysulphite, quite 
distinct salts, have yet the same composition. 

In the great reformation wrought by the chemists to whom I have referred, 
but by Gerhardt in particular, the new light set up in chemistry was the notion 
of what came to be called ‘double decomposition ’ in chemicalchange. The phrase 
is not, perhaps, happily constructed, but it has the merit of needing some expla- 
nation of its meaning before it can be understood, and troubles, therefore, through 
a too simple apprehension of the sense of the word ‘ composition’ are hardly to be 
feared. Its introduction into chemistry marked the ascendency of the idea of 
the molecule as the factor in chemical change whose interactions with other 
molecules were to be considered, instead of those additions which, as chemical 
phenomena, never take place. It led also to new conceptions of the nature of the 
atom and the compound radical as being the quantitative and qualitative expres- 
sions of the powers possessed by substances to change into others, and to the 
conception of the valency of atoms and radicals as expressing the nature of the 
connection of successive chemical changes. The zeal with which it was attempted 
to force all chemical changes into the form of double decomposition interfered, 
perhaps, with the full recognition of its importance ; but the fact remains that, 
with hardly an exception, all that is stated concerning the nature of those 
chemical changes in which two or three substances become one, or one becomes 
two or more, is based upon notions derived from the study of double decomposition. 

The fundamental value of double decomposition consists in its displaying 
threads running through chemical transformations which can be followed up. 
‘When two substances change into two others, and only then, there can be found, 
in most cases relations of resemblance, both physical and chemical, between the 
before and after of a chemical change. Instead of the striking unlikenesses shown 
by the substances formed by quasi-addition to those from which they are formed, 
there are here met with the similarities of the outcoming to the interacting sub- 
stances, and the similarities between the products of different interactions in which 
the acting substances are similar. Chemists had been for very long familiar with 
acids, bases, salts, without becoming deeply impressed with the significance of the 
resemblances which these class-names imply, and also with the facts that acids 
beget acids, bases bases, and salts salts, or in more general terms, that substances 
in interaction produce others like them, and that differences between the products 
and the agents in one change are distinctly repeated in a similar change in which 
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other substances are concerned, points now given expression to by such terms ag 
‘chemical constitution,’ ‘ homologous’ and ‘ analogous series,’ ‘ Kopp’s law,’ &c. 

What is so important to consider in the study of double decomposition is that 
the fact, that the sum of the masses of the two products of the change is the sum 
of the masses of the two interacting substances, presents itself no longer as being 
merely the evidence of the massing together of substances into a compound; for 
there is in double decomposition to be considered that redistribution of mass 
which, on the one hand, is found to correspond to and be part of a general 
though not sharply defined redistribution of physical and chemical properties; 
and, on the other hand, to be obviously irreducible to that interchange of those 
simpler substances which in many cases are produced in the simple decomposition 
of the acting substances. 

The physical properties of substances, or rather their sensible qualities, are of too 
uncertain a character for their redistribution to be safely traced. But it generally 
does result, amongst inorganic substances, at least, that colour is transmitted, the 
saline, acid, bitter, or other taste of one of the active substances will appear, with 
more or less distinctness, in one of the products, a relatively volatile and a relatively 
fixed substance together will yield a similar pair of products, a dense and a light 
substance will yield a dense and a light substance, and so on. The chemical 
properties, however, are quite definitely redistributed to a large extent, a fact 
sufficiently illustrated by saying that an iron salt yields an iron salt, and asulphate 
yields a sulphate. 

But this is not a redistribution in which simpler substances, or indeed any 
other substances than those interacting, play a part: as soon becomes evident 
on attempting to establish the contrary by an appeal to the facts. While 
silver acetate and silver sulphate resemble each other and also silver nitrate as 
silver salts, they do not resemble silver itself; and though silver nitrate resembles 
sodium nitrate as nitrate, there is not even a substance known which is related to 
these salts as silver is related to silver salts. It might be objected to this that 
there may yet become known such a substance, which in its ultimate decomposi- 
tion would give one molecule of nitrogen to three molecules of oxygen. If instead 
of nitrate were given acetate or cyanide, there would be found in the substances 
acetic peroxide and cyanogen, it might be said, the analogues of theas yet unknown 
substance of the nitrate. But the point I would make is that nitrate, sulphate, 
&c., are names with well-defined meanings independent of the fact that the cor- 
responding substances are not known; for it follows without argument that also 
the terms silver, iron, chloride, &c., should be equally independent in meaning of 
the existence of the substances silver, sodium, chlorine, &c. It is a familiar 
historical fact that cesium, helium, and fluorine were chemical names long before the 
substances ceesium, helium, and fluorine became known. We might well beconvinced, 
therefore, without going further, that constitutional names, names which convey 
the facts of likenesses preserved in chemical change, cannot be indicators of the 
presence of the substances for which they may he also used. For, that being the 
case, we have no grounds for assuming that silver nitrate in interaction with 
sodium sulphate decomposes into the substance silver, which then combines to 
form silver sulphate. But fuller proof than any appearance of likeness or unlike- 
ness can give is afforded by facts which became known and appreciated in 
connection with the chemical molecule. Typical of them all is the fact that 
in none of its interactions does chlormethane yield a hydrocarbon simpler than 
methane or than itself. Under those conditions in which it might have been ex- 
pected to give a substance which would be methyl, it produces ethane, a substance 
which chlorine converts into another substance, having instead of one-third only 
one-sixth less hydrogen in its composition. Similar results have been obtained in 
all cases where the point can be determined—that is, where the simpler substance 
looked for would still be a compound substance, and such simpler derivatives are 
looked for no longer. The monohydride of oxygen or sulphur, the dihydride of 
nitrogen or phosphorus or arsenic, the mononitride of carbon, the organic com- 
pounds, methyl, phenyl, acetyl, are not only unknown, but are held to be non- 
existent substances, though their chemical compounds, the hydroxides, amides, 
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cyanides, and the rest, are both numerous and well defined. Whatever other view 
we shall have to take of the constitution of Gomberg’s remarkable ‘triphenyl- 
methyl,’ it will certainly not be that it is identical with the radical of the tri- 
phenylchlormethane from which it is derived, unless we are prepared to allow 
that carbon is sometimes tervalent. Ethylene the substance ditfers from ethylene 
the radical in having its two carbons differently related; but it is difficult to 
see how to make a similar distinction in the case of Gomherg’s substance. 

In those other cases in which the point is not strictly determinable, only because 
the resulting substances are the simple substances themselves, it required but the 
recognition of molecular quantities to make it evident that these cases run 
parallel with the others. For, in all changes which can be satisfactorily followed 
out, the resulting or entering quantity of the simple substance is twice as great as 
that which can have come from, or gone to form the molecule of either of the 
compound substances. But if, so far as can be traced, a simple substance comes 
only half from one molecule of any of its compounds, none of these compounds can 
contain or be composed of simple substances. All simple substances, therefore, 
as well as all compound substances, enter into and come out from chemical 
changes as dual in all of them in origin and disappearance. Their colligative 
properties have been appealed to in order to confirm this observation, but with 
conflicting results, sometimes confirmatory of the chemical evidence, sometimes con- 
tradictory of it, and sometimes too complex for confident chemical interpretation. 

T refer here more especially to Avogadro’s proposition, which is in effect that 
equal volumes of gases are chemically equal or molecular. As in the case of 
Dalton’s atomic theory, there is to be distinguished in this proposition what 
Avogadro really put forward as new from what he took for granted. Admitting, 
as was to him a matter of course, that gases have in equal volumes equal numbers 
of particles, he asserted that in the case of elementary substances these particles 
are not the atomic particles, but, as in the case of compound substances, particles 
compounded of these, which interact with the particles of other gases as chemically 
egnal each to each. If now this proposition is divested of all bypothesis, all 
reference to the mechanical structure of gases, it becomes the law that equal 
volumes of gases at the same temperature and pressure, whether simple or com- 
pound, are almost exactly chemically equal quantities, and once in possession 
of this law we find nothing becomes clearer by assuming that equal volumes of 
different gases contain the same number of chemically equal particles, This law 
is, obviously, an advance upon Gay-Lussac’s law similar to that of the chemical 
molecular theory upon the atomic theory of Dalton. Unfortunately, however, it 
does not hold good in the case of not a few simple substances, and it seems impos- 
sible from the chemical point of view, and consistently with the molecular theory, 
to admit that, because the gas-volume has only half the expected mass, the 
chemical molecule of sodium or mercury is not bipartite like that of hydrogen or 
oxygen, and chemically equal to either. 

The dual constitution or chemically compound nature of the simple substances 
as thus established by the part they take in chemical interactions furnishes further 
evidence of the untenability of the belief that the molecule is chemically composed 
of two substances, or their substitutes, simpler than itself, when we consider that, 
were this true, there would be chemical union between two things perfectly alike, 
two portions of the same thing. This difficulty was, I believe, first raised by Berze- 
lius, and has never been met. Physically, the matter is simple enough, if motion in 
the opposite direction is not counted as a difference betwen two masses. But this 
would be a non-elective union, whilst chemical union is elective. 

The difficulty, insurmountable when made, does not arise when the fact is 
recognised that every chemically single substance, whether simple or compound, 
is, as a substance, one and without parts, and can never, therefore, be built up of 
or broken down into parts different from itself. One substance (as two molecules) 
or two substances change into two others or into two molecules of one, in an 
interaction which is instant, uninterrupted, and irresolvable into stages, where the 
interaction is single in character. But just as a body can be mentally analysed 
as in the investigations of dynamics) into mass and motion, which apart are un- 
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known, and as these again can each be conceived of as further divided, resolved, 
condensed, and otherwise qualified as centres of mass, compounded motions, and 
so forth, so the chemist is enabled mentally to find quantitatively defined this, 
that, and the other mark of the many chemical interactions which have or may 
have goneto bring it into existence, and will or may again have place in the 
possible forms of its dissolution into others. The two methyls in the constitution 
of ethane, about which we are quite certain, are not two things held together till 
some interaction sunders them in the chemical dissolution of ethane, but the 
double mark of similarity between it and other methyl compounds in their chemi- 
cal interactions. We cannot say that only one part of the ethane is methyl, or 
hydrogen, or carbon, but that part of its nature, of its constitution, is its behaviour 
as a methyl compound, or, again, as an ethyl compound ; or, more comprehensively 
but less specifically, part of its constitution is its behaviour as a hydrocarbon, as a 
hydrogen and as a carbon compound. JBut these are different aspects of it, 
different relations of it, not differing parts of the one homogeneous substance. 

With the laudable object of combating the prevalent notion that matter is 
something which is the basis or essence of a body, something acting as the medium 
of the manifestation of its forms of energy, a distinguished and most lucid writer 
on chemistry has, adequately perhaps for that object, represented a body as a 
compound of the various forms of energy subsisting together and cohering in cer- 
tain proportions within the volume of the body. But this presentation of a subject 
as # cohesion or association of forms of energy is on the same footing as the pre- 
sentation of ethane as consisting of two methyls bonded together, or two portions 
of carbon with six of hydrogen. It is compounding what cannot be had apart, 
what cannot be even conceived of as separate, so far as bodies are concerned. The 
analysis of bodies into manifestations of different properties are only mental opera- 
tions. A moving body, a hot body, a green body, an explosive body, becomes by 
legitimate abstraction a phenomenon of motion, of heat, of colour, or of light, or 
a chemical phenomenon as our needs require ; but the body is there all the while, 
and its undivided and continuous existence is indispensable to the phenomenon. 
The body can be hotter or colder, but not that only,—not that without other differ- 
ences ; red-hot iron is throughout a very different thing from cold iron, and ice 
differs widely from steam in most of its properties. A substance is no more com- 
posed of its properties or energies than it is composed of its so-called elements. 
it manifests its presence in a thousand and one ways more or less distinguishable ; 
its properties are so to manifest itself. But no divisibility of itself while it remains 
itself can be thought of, no differentiation can be suggested, no nucleus with its 
superinduced properties can be traced. 

It ought, therefore, to be possible to express all the particulars of chemical 
constitution without making any assumption as to substances having parts or 
structure. Of chemical constitution itself, I doubt whether there is to be found a 
definition which is not couched in language having reference to the minute 
mechanical structure of substances, notwithstanding the fact that all knowledge of 
their chemical constitution has come to us through observation of the properties of 
the substances themselves, and more particularly their relations in cases of double 
decomposition. Bearing in mind that all terms are relative, I think the chemical 
constitution of a substance may be defined as the resemblances shown by it in its 
chemical changes to other substances, often better known than it and taken as 
types, these resemblances being indicated and described usually by means of 
special nomenclature and notation. As this nomenclature and notation have been 
developed out of those designed to express chemical composition, it is well to 
point out that the notion of chemical constitution is independent of that of the 
latter, though clothed to some extent in its language and symbols. 

The notions of radical and atom are so intimately related as to be often used 
indifferently, the one for the other. The radical, ethylene, is always an atom of 
ethylene, the radical nitrogen always an atom of nitrogen. Radical and atom 
are in fact the qualitative and quantitative aspects of the same thing. They 
are thus exactly parallel with substance and molecule. We can think of 
unquantified substance, and perhaps of unquantified radical, but in chemistry we 
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never really want such conceptions ; one of the many definitions of science is the 
quantification of phenomena, and in every chemical phenomenon the substances 
concerned are quantified as molecules. The quantification of radicals expressed’ 
by the atom is fundamentally the same in principle as that of substances, namely, 
that of chemical equality in interaction; but it may be better to say that it is 
dependent upon the quantification of substances as molecules. 

In the interaction of double decomposition each substance by contact and 
union with the other develops and manifests a dual character by becoming 
distributed as the two new substances, with the consequence that each of these 
has certain properties the same as those of the one, and certain others the same 
as those of the second interacting substance. What is common in this way to 
one of the interacting and one of the resulting substances is a radical of these 
substances, of which there are evidently four in every double decomposition, 
These radicals of a single interaction are defined as whatever two parts of the 
powers of a substance to yield the simple substances of its chemical composition 
are, in certain interactions, continued separately from each other in the two new 
substances. But the pair of radicals developed in the various double decomposi- 
tions of a substance being by no means always the same, one of the radicals 
of one pair must include in its composition part or all of one of those of another 
pair. Acetic acid has for one pair of radicals methyl and carboxyl, and for 
another pair acetyl and hydroxyl. Of these, carboxyl includes hydroxyl, and 
acetyl includes methyl. Again, acetic acid yields the hydrogen and acetate 
radicals in one interaction, and hydroxyl and acetyl in another, so that in these 
cases the acetate radical includes acetyl and the hydroxyl includes the radical 
hydrogen. Now, what is common to carboxyl and acetyl and what is common 
to the acetate radical and hydroxyl are also treated as radicals, the one being 
known as carbonyl and the other as the radical oxygen. These are examples 
of what may be distinguished from the others as the polyvalent radicals. They 
are radicals of radicals, and therefore also radicals of substances. They may be 
defined as the common part of two or more other radicals. A single definition of 
all radicals can be given, but it is not instructive. A radical is any single power 
or any interdependent association of the powers of a substance to produce simple 
substances which continue in any product or series of successive products of its 
chemical change. 

Before I leave the subject of the radical I wish to repeat that it is only 
when it is interacting that a substance shows a dual character or division, as it 
were, into parts or radicals, and that the duality it then shows is determined as 
much by the nature of the other substance as by its own. A substance is neither 
actually nor conceptually the sum of its radicals. The very fact of the difference 
of these in different interactions should be proof of this; though it only leads 
to its being taken to be at least the sum of its ultimate or simple radicals. 
If, however, it is not the sum of its proximate radicals, it is hard to see how it 
can be imagined to be that of the ultimate ones. In relation to its radicals, a 
substance must be held to present itself'as any one of these for the purpose of 
investigation, and at the standpoint from which it is considered. It is then to the 
mind that particular radical, though also something else; just as snow is white 
and cold, yet also something else, for the moment unconsidered. Nor can the 
two products of an interaction be looked upon as themselves the sum in properties 
of the interacting substances. To a limited extent and imperfectly, we can attach 
to a given radical certain of the properties common to its compounds; but it 
needs no greater insight than we have already, to recognise that a substance cannot 
be what it is in one way, without being in that way greatly affected by what 
it is in another. This is now a recognised but not sufficiently considered point, 
and I therefore welcome those publications of Professor Vorlaender, of Halle (who 
now honours this Section with his presence), in which he has been vigorously 
calling attention to the extent to which the properties of a substance, acid, basic, 
stable, and what not, depend as much as, if not more, upon the interrelations of 
the radicals than upon the radicals themselves. 

One other thing I haye to say about the radical, which is as to the spelling of 
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the word. I plead for a return to the ending of the word radical with ‘al,’ now 
interdicted in the ‘Journal of the Chemical Society.’ It seems appropriate to call 
the powers of a substance to behave chemically as it does, the roots or radical 
parts of its chemical nature, but it does not seem appropriate to call them radicles 
or rootlets. Americans and all other nationalities but our own use the original 
spelling. 

I have put off too long, perhaps, all reference to the properties of very dilute 
aqueous solutions of salts, but I wished first to discuss the nature of the radical. 
The osmotic pressure and other dependent points which are particular in the 
behaviour of such solutions are in full accordance with the assumption that an 
electrolyte by dissolution in much water becomes a pair or a binary system of 
two interdiffused quasi-substances called ‘ions.’ These ions must differ from 
isolated substances in bearing equal and opposite quantities of electricity; in 
being each unknown apart from its fellow; and in having a composition not 
to be found in actual substances, though identical possibly with that which 
a radical would- have were it a substance. The ions can be indeed separated 
from each other, but not to continue as themselves, since in the act of 
separating they form ordinary substances, either by uniting with other ions, 
or by two molecules of ion becoming one molecule of substance. In the 
former way of separation the ions of two salts interact on mixing their 
solutions; in the other way, the ions become substances when their solution is 
placed in a galvanic circuit. In this mode of separation—by electrolysis, that 
is—the substances corresponding with the two ions, or else secondary products of 
their change, are produced, the one substance at the kathode and the other at the 
anode, while the solution away from the electrodes, but between them, remains for 
the time unaltered in composition. Along with this there occurs in many cases 
a phenomenon first recorded by Daniell, and afterwards investigated by Hittorf 
with such beautiful results. This consists in a greater fall taking place in the 
concentration of the salt solution close to one electrode than in the concentration 
of that close to the other, as though the ions were hydrate compounds, and that 
the one ion was a higher hydrate than the other. Until we know more of the 
nature of the ions themselves this phenomenon is most conveniently quantified 
on the hypothesis that the ions travel as molecular particles, but the discussion 
of this hypothesis is beside my present purpose. 

The phenomena of ionisation or, in other words, the particular properties of 
dilute solutions of salts, belong evidently to a change unlike all other chemical 
changes. It isa polarised chemical change, in which the equivalent and comple- 
mental products of the interaction appear apart and at remote surfaces of the mass 
of decomposing salt solution. ‘Two points which call for notice in connection with 
my present subject are that an ion is one of a pair of quantities commensurate with 
the quantity of the salt itself that is or would be in interaction ; and that it is 
molecular in character and therefore to be regarded as a relative and wholly 
variable quantity. 

Dalton’s atoms were both the atoms and the molecules of present-day 
chemistry, but much more the latter than the former. Although the chemical 
atom can now be no more than a dependency of the molecule, it is commonly set 
up as the starting-point in chemical theory, and as having an independent existence 
as a quantity of the substance, while the molecule is represented as being a con- 
jugation of atoms. But there cannot be two standards in reference to the same 
thing, and in molecular chemistry the atom must give way. As I have already 
had occasion to point out, the atom is of the radical, the molecule is of the 
substance. 

The four radicals of a double decomposition are equal and chemically com- 
plementary. These chemically equal quantities of such radicals are atoms. The 
quantities of all other radicals are also atoms, but only those of proximate radicals, 
those of a single interaction, are equal. Similarly, the quantities of the four 
substances of a single interaction are all equal and are molecules, but the quantities 
of substances are not equal in other interactions. These others are treated as the 
simultaneous occurrence of two or more single interactions, which they can always 
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be represented and sometimes demonstrated to be. Calcium hydroxide and 
hydrogen sulphide give calcium hydrosulphide and water by two single inter- 
actions together, which in this case can be easily distinguished, since the calcium 
hydroxide will also interact with only half as much hydrogen sulphide to form the 
insoluble crystalline calcium hydroxyhydrosulphide and half as much water as 
before; this calcium salt will then interact with as much more hydrogen sulphide 
as went to form it, and produce the very soluble crystalline calcium hydrosulphide. 
Or the calcium hydrosulphide and as much calcium hydroxide as yielded it will 
readily interact to form twice as much as the first-obtained quantity of calcium 
hydroxyhydrosulphide, Thirdly, the calcium hydrosulphide and half as much 
water as was formed with it from calcium hydroxide readily interact to produce 
calcium hydroxyhydrosulphide, and half as much hydrogen sulphide as was 
needed to form the hydrosulphide. Therefore, and on other grounds, we say and 
know that one molecule of calcium hydroxide and two molecules of hydrogen 
sulphide give one molecule of calcium hydrosulphide and two molecules of water. 
This is, of course, only the law of multiple proportions introduced into chemical 
interactions. The expression ‘two or more molecules of a substance’ has a 
meaning only as indicating the number of simultaneous or successive single inter- 
actions which have led to the conversion of certain substances into others. 

Now a similar but complementary state of things meets us in the case of 
radicals. Instead of the coefficients of molecules, necessitated by having to 
consider many chemical changes as being cases of two or more single interactions 
occurring together, there are the valency coefficients of the polyvalent radicals, 
called out also by such a compound interaction. Thus, in the above case, whilst 
the single interaction between hydrogen sulphide and calcium hydroxide shows 
calciumhydroxyl as one of the radicals, the succeeding interaction between the 
calcium hydroxyhydrosulphide and more hydrogen sulphide shows the radical 
calciumhydrosulphuryl, and the common part of these two radicals is the bivalent 
radical, calcium. It will be evident that to give the atom of the calcium radical 
as bivalent is a statement reciprocal or complementary to that of giving two 
molecules of hydrogen sulphide as interacting with one of calcium hydroxide. 
Chemical equality remains still the measure of the atom, but that, in complex 
changes, whereas the number of molecules of one substance marks the number of 
single interactions, the valency number of the atom marks the same thing for the 
radical, It is a matter of valency, and not otherwise a matter of the atom. The 
radical calcium is never actively bivalent in a single interaction; in other words, 
it is never equal to two atoms of hydrogen, As a simple radical it does not take 
part in such an interaction; but it does do so as a radical of radicals, such as 
calciumhydroxyl and calciumhydrosulphury], and then has the same measure as 
is equal in exchange to—the atom of hydrogen, though carrying with it of necessity 
other radicals, a thing the hydrogen radical never does or can do. ‘To take 
another example: when acetamide is formed from acetic acid, the nitrogen of the 
amidogen and the oxygen of the hydroxyl are equal in exchange, but because of 
their valencies the one carries with it two atoms and the other one atom of 
hydrogen. ‘his is no matter of merely academic contention, for upon its recogni- 
tion rests the doctrine of valency itself. 

The quantity of the radical is the only proper and sufficient definition of the 
atom, whether the radical be that of a single interaction, or a radical of radicals, 
that is, a polyvalent radical. The atom is, therefore, the quantified power of a 
substance, as the compound of the radical, to produce other compounds of the 
radical, including its compound with itself, where that is possible. As with the 
molecule of a substance, so with the atom of the radical, it is of no fixed magni- 
tude, and may weigh a kilogram just as well as only a milligram or something 
much less. Being a relative quantity and nothing by itself, of its indivisibility 
there is nothing to be said outside its definition ; whilst, as to its being the smallest 
relative quantity interchanging in an interaction, it had only thus to be defined 
when there was uncertainty as to the molecule and the single interaction. 

It has been impossible for me to discuss the nature of the radical and the atom 
Without referring to valency, but it is itself a subject of such importance as to need 
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special consideration. It does not seem right to me to say even the little I can 
say about valency without naming with the respect they deserve from us the dis- 
tinguished chemists who laid the foundations of the doctrine and developed it : 
Williamson, Odling, Wurtz, Edward Frankland, and Kékulé. I had the good 
fortune to be in the same laboratory as, and then intimate with, Kékulé, when in 
1854 he was working out the bivalency of sulphur and oxygen by his investigation 
of thioacetic acid, some time, that is, before he had thought out the benzene ring 
and the valency of carbon. 

Only when, as is usual, propositions are made in which a separate and inde- 
pendent existence, with valency as a property, is imputed to a radical, does the 
question, as to what valency is, present any difficulty. Approaching it from the 
side of the molecule and of double decompositicn, and therefore from the experi- 
mental side instead of from that of the radical itself, as is customary, valency 
presents itself as being the number of single interactions necessary, in order to 
have a certain radical occur, first as that of one substance, and then as that of 
another which has no other radical in common with the first substance. That 
ammonia possesses one atom of the radical nitrogen, and three atoms of the 
radical hydrogen, and that the nitrogen radical is tervalent and the hydrogen 
radical univalent are statements mutually based upon facts such as the following. 
Potassium nitrilosulphate, which contains nitrogen but no hydrogen, is converted 
by water in a sharply defined single interaction, into potassium hydrogen sul- 
phate, and into potassium imidosulphate, a substance which contains all the 
nitrogen along now with hydrogen. This salt passes, also sharply and by a single 
interaction with water, into as much more sulphate along now with potassium 
amidosulphate, which latter substance contains all the nitrogen and twice as much 
hydrogen as belonged to the imidosulphate, Lastly, the amidosulphate inter- 
acting with water gives a third quantity of potassium sulphate, equal to the last, 
and also ammonia, having all the nitrogen of the nitrilosulphate started with, three 
times as much hydrogen as the imidosulphate, and nothing else. That is to say, 
the nitrilosulphate and the ammonia have no other radical than the nitrogen the 
same, while three single interactions have been necessary to separate in this way 
the nitrogen radical from the three atoms of the potassiumsulphonyl radical. 
Therefore’ the nitrogen radical is tervalent and its quantity is the atom. Again, 
there are three atoms of the univalent hydrogen radical in the ammonia molecule, 
because in each of the three interactions an equal quantity of this radical is 
brought in from water. Ammonia shows only one pair of radicals, behaving, so 
far as its own interactions go, exclusively as a compound of amidogen and 
hydrogen, and these radicals are referred to as united or bound together in being 
ammonia. It is only the interactions of its derivatives, primary, secondary, and 
tertiary, that are indicated by treating the amidogen as ultimately nitrogen and 
two hydrogen radicals. But this involves the consideration of all three hydrogens 
as bound to the nitrogen; and it becomes, therefore, of vital importance to bear in 
mind that the hydrogen radical, proper to the ammonia itself, is bound to a 
nitrogen radical which carries also bound to it two other hydrogen radicals. 

Chemical formule still remain to be considered. They are symbolisations of 
deductions from experimentally ascertained facts, and are independent of the inter- 
pretation commonly given to them as referring to the minute differentiated 
structure of substances. A chemical equation expresses a chemical change 
quantitatively by means of chemical formule which are molecular. In a case of 
double decomposition, therefore, there are four formule; but when two or more 
such interactions are expressed in one equation, because they occur together, the 
formule of transition-substances do not appear, and then numerals before formule 
tell the number of interactions in which separate molecules of the substance have 
taken part. A formula represents the relative interacting quantity or molecule of 
a substance, while the single symbols composing it stand each for an atom of the 
radical of a certain simple substance as possessed by the substance furmulated. 
The connecting lines and dots, and certain collocations of the symbols, indicate 
the association of the simple radicals as compound radicals in different inter- 
actious. 
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What is symbolised by position formule, and indeed by the formula altogether, 
are the chemical activities and abilities of the substance and its derivatives, and 
their analogies with those of other substances. When not in interaction, a sub- 
stance has no constitution and no formula. It is certainly not on any experimental 
grounds that it can be regarded as some spatial arrangement of unlike parts. To 
take the simplest case ; if we start with sodium hydroxide and symbolise its mole- 
cule by some mark, such as X to begin with, the interaction of the substance with 
an acid leads us to replace the X by two symbols and a connecting mark. One of 
these will be Na for the sodium radical; let the second be Z for the other radical, 
and let a dot or stroke be placed between the symbols to mark them as those of a 
pair of radicals in interaction. In other interactions, such as that with melted 
potassium acetate, we find need fora new pair of symbols, one being H for the 
hydrogen radical, while the other may be Q. But it is easy to decompose two 
molecules of sodium hydroxide in one operation into molecules of sodium, hydro- 
gen, and oxygen, from which fact we learn that Z is replaceable by the double 
symbol O-H, and Q by O-Na. Thus, Na-Z and H-Q become equally Na-O-H, 
which records the ultimate radicals of sodium hydroxide, together with ail its 
interactions, immediate and remote. But it does this with no more implication of 
spatially placed and tied parts than is made by expressing the measured flow of 
time by a straight line, or than is to be found in ¢ seconds of time, or in c? as the 
third power of a number, unless we specifically condition this symbol as stereo- 
metric. A formula is not to be read—on experimental grounds, I mean—as a 
symbol of parts juxtaposed and joined on, and should be regarded as an intricate 
but legible monogram telling the chemical nature of the substance. Every symbol 
in it is to call to mind a phase of the chemical activity cf the substance or of its 
derivatives, a phase that may be for the time as the substance itself to the investi- 
gator, just as a pigment substance becomes only a red or a white to the painter. 
For example, salt is often uothing more than its chlorine phase to the chemist 
when he wants only a soluble chloride; whether it is of potassium, sodium, or 
ammonium, then matters not to him. 

The double linking of the carbons in ethylene is a symbolised expression ot 
facts, without reference to hypothesis. The two carbon radicals of ethane or of 
alcohol behave together just as does the single carbon of methane or the nitrogen 
of ammonia in being, but with a valency of six, continued to other compounds 
devoid of all the other radicals of the ethane or aleohol—that is, of the hydroxyl 
and the hydrogens. The quadrivalency of each carbon is made up by the inter- 
action necessary to dissociate or to bring together the two methyls, which counts 
as a unit of valency to each carbon. Ethyl hydrogen sulphate decomposes into 
sulphuric acid and ethylene, the hydrogensulphate radical with a hydrogen radical 
becomes the acid as the one product, while the methylene radicals again pair off 
as the two methyls had done when ethane was formed, thus producing the non- 
saturated substance, ethylene. Since there is a perchlorethylene, the second link- 
ing mark falls between the two carbons; and when ethylene passes back to an 
ethane compound two units of valency are displayed by it without the carbons 
becoming dissociated. 

Position formule of isomerides, such as those of propyl alcohol and acetone, 
present no difficulty, because they are interpreted as the expressions of unlike 
double decompositions. It is not unfrequently the case that no constitutional or 
structural formula can be given to a substance which shall express all the pairs of 
radicals possible in its interactions, of which the best-studied example is that of 
ethyl acetoacetate. This state of things, Inown as tautomery, admits of no other 
interpretation than that there are really two substances existent, of which one only 
is known, the other or so-called ‘pseudoform’ requiring the assumption of its 
existence as a transition-substance only. The notion of the shifting hydrogen 
radical is but the hypothetical way of viewing the intervention of the intramole- 
cular change by which the substance becomes its ‘ pseudoform.’ 

The cyclic formula of benzene expresses the fact that, unlike a fatty hydro- 
carbon, benzene shows but one pair of interaction radicals, hydrogen and phenyl. 
The ‘ ortho-,’ ‘ meta-,” and ‘ para~’ positions in benzene derivatives are only expres- 
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sions of facts of ‘ position’ isomerism, such as those pertaining to other non-saturated 
compounds, but more complex to unravel and more varied and interesting. It is 
doubtful whether the Kékulé ring does not remain as efficient a symbol as any 
stereographic substitute yet proposed for it; but it itself is purely a symbol of 
chemical interactions, and has no spatial significance other than what may be put 
into it by convention. ‘Adjacent,’ ‘opposite,’ and the like have only application 
literally to the arrangement of the symbols; but if the symbolisation is perfect 
the ‘ opposite’ carbons will, as a matter of course, always indicate the same point 
concerning the chemical interactions. 

Whether the chemical formule for the lactic acids are better arranged in a 
plane or as a tetrahedron is to be decided by the facts concerning these and other 
asymmetric carbon compounds, the object being to symbolise or formulate as 
distinct and complementary in certain physical properties, but alike in their 
chemical interactions, two isomeric substances, simultaneously formed in molecular 
quantities. Enantiomorphous arrangements of the respective formule of dextro- 
and levo-lactic acids fully meet the case, but the facts are in no way explained by 
these formule. In the enantiomorphously related hemihedral crystals of the cor- 
responding salts of the dextro- and levo-acids, and in their opposite rotatory effect in 
solution upon the plane of polarised light, we recognise something like a torsioned 
state of the whole homogeneous substance, something to be accounted for by pecu- 
liarity of chemical origin, but not something made more intelligible by any imagined 
arrangement of unlike parts. It is possible to give an account of the chemical 
facts without making reference to mechanical structure, and then to reason about 
them somewhat in the following way: Given the case of a substance doubly 
equipped with the power to take part in a certain interaction, and considering 
that the exercise of the power can only be single, and that it cannot be made 
without affecting and transforming, or perhaps nullifying, the second equipment 
with power, predict what will happen. That is the prediction called for con- 
cerning any interaction which generates an asymmetric carbon compound. The 
result could never have been predicted; yet how natural and beautiful it is when 
it comes to us through experiment enlightened by the genius of Pasteur, Le Bel, 
and Van ’t Hoff! That answer is that a twinned substance results, one indeed in 
most respects and chemically, but two in certain physical properties, characterised 
by presenting phenomena as of equal and opposite strains, a polarised pair of sub- 
stances, in fact. What I mean by the double equipment with power is, of course, 
the pair of identically related and self-identical radicals, or the bivalency of one 
radical wholly and directly associated with the carbon radical. The case of the 
oxygen radical of aldehyde is that of the bivalent radical ; the other case is that 
of the two carboxyl radicals of hydroxytartronic acid, or that of the two methy- 
lene hydrogen radicals of alcohol which these carboxyls have replaced. The 
tetrahedral formula with its reflected form admirably symbolises the case of 
enantiomorphously related pairs of substances. But no light whatever is thrown 
upon the nature of this pairing by the tetrahedron model ; its value depends upon 
the fact that as a symbol it so fully matches the constitution of the substances. 

Here I bring my summary of chemical theory and its formulation without 
hypothesis to a conclusion, hoping that, to some extent, I may have impressed you 
with the fact that the exposition of even advanced chemistry, in its symbolic, 
equally as in its ordinary language and nomenclature, is independent of any 
hypothesis as to the mechanically and chemically differentiated structure of sub- 
stances, and that chemistry can be studied and still furthur developed without 
reference to such a structure. I have asked for few or no reforms in the use of 
either terms or symbols, my point having been oniy to press for a consideration 
and discussion of the doctrines of chemistry and the great atomic theory itself as 
something concerned exclusively with experimental chemical facts, 


576 REPORT—1902. 


The following Papers were read :— 

On the Corrosion of Copper by Sea-water, and on the Detection of 
Traces of Impurity in the Commercial Metal. Dy Professor BE, A. 
Letrs, Ph.D. 


— 


2. On Experiments to Ascertain the Amount of Carbonic Anhydride 
absorbed from the Sea-water by Air. By Professor E. A. Lerrs, Ph.D., 
and W. CALDWELL, 5.A. 


3. The Action of Distilled Water upon Lead. 
By Professor Frank Crowes, D.Sc. 


When lead is placed in contact with ordinary distilled water chemical action 
becomes evident by the formation of a white deposit which contains lead, and 
lead is also found in solution by chemical tests. 

The lead appears to exist in solution in the form of hydroxide, since it is 
removed by passing the liquid through filter-paper: this fixation by cellulose of 
the dissolved hydroxide is one of the marked properties of the hydroxide. The 
hydroxide is readily removed from the cellulose by dilute acetic acid. 

An examination of the white deposit proved that it was a hydroxycarbonate 
containing three molecules of carbonate to one of hydroxide. 

It would be inferred from the above facts that the lead is probably converted 
into hydroxide by the action of the dissolved oxygen, and that the subsequent 
action of the dissolved carbon dioxide converts the hydroxide into hydroxy- 
carbonate. 

It would appear improbable that even bright lead can decompose water with 
formation of hydroxide. But the opinion has prevailed that the action of distilled 
water on lead is promoted by the presence of carbonic acid. 

The nature of the action of distilled water upon lead was studied by exposing 
bright lead, both im vacwo and in an atmosphere of hydrogen, to distilled water 
which had been freed from its dissolved gases by boiling, and then introducing 
either oxygen alone, carbon dioxide alone, or mixtures in varying proportions of 
oxygen with carbon dioxide. 

Bright sheet lead of great purity when exposed to boiled distilled water zn 
vacuo or in an atmosphere of hydrogen was acted upon only to an infinitesimal 
extent (0°3 part of lead to one million parts of water). This result was probably 
due to the impossibility of removing the last traces of oxygen, and it negatives the. 
suggestion of any direct action of water upon lead. 

When the lead was exposed to the water in the presence of the different 
artificial atmospheres, the action reached its greatest extent (0:023 part of lead 
per 100 of water) when oxygen alone was present ; with carbon dioxide the action 
was slight (0°008 per cent.) ; with equal volumes of oxygen and carbon dioxide 
about an equal effect was produced; while with eight volumes of oxygen to one 
of carbon dioxide the extent of the action approached that due to oxygen. 

It is evident, therefore, that dissolved oxygen is the cause of the action of 
distilled water upon lead, the subsequent action of carbon dioxide leading to pro- 
duction of hydroxycarbonate. It is further evident that the presence of carbon 
dioxide in any large proportion exerts an inhibitory effect upon the action. 

When sheet lead is immersed in ordinary distilled water with free exposure to 
air, it is found that the rate of action is diminished by entire immersion as com- 
pared with partial immersion, but that in both cases the total result produced is 
ultimately the same. 

In the earlier stage of the above inquiry tbe ordinary aérated distilled water 
was freed from its dissolved gases by being boiled in glass vessels. When this 
water was allowed to reaérate itself by exposure to the air, it did not regain its 
original power of acting upon lead. ‘This was found to be due to the inhibitive 
power of silicates dissolved from the glass, and the inhibitory power varied with 
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the degree of solubility of the glass when vessels composed of different kinds of 
glass were used. Boiling the water in glass or condensing the steam in glass 
tube condensers led to the inhibitory effect, but contact of cold distilled water 
with cold glass did not produce the result. Complications arising from this cause 
were avoided in later experiments by distilling the water from a copper vessel and 
condensing the steam in a copper tube condenser. 

The action of distilled water, or of soft waters generally, upon lead may be 
considerably reduced by dissolving various substances in the water. Sulphuric 
acid or a sulphate was tound to be most efficient for this purpose, carbonic acid 
and carbonates proved less efficient, lime water was still less effective, and even 
promoted the action when it was used in larger proportion. 

It has been stated that the action of water upon lead is due to the presence of 
bacteria or their products. This cause of action was removed in many of the 
present experiments by using water which had been freely distilled and then boiled 
for a long time, and by bringing it into contact with lead which had been melted 
for some time in a sterilised flask. When air filtered through cotton wool was 
admitted into the flasks, the action on the lead commenced at once and proceeded 
to the full extent which is attained when ordinary lead is immersed in ordinary 
distilled water. 


FRIDAY, SEPTEMBER 12. 
The following Papers and Report were read :— 


1. Hydro-Aromatic Compounds with Single Nucleus. 
By A. W. Crosstey, D.Sc., Ph.D.—See Reports, p. 120. 


2. The Undesirability of Establishing Standard Analytical Methods. 
Sy Bertram Buiounv. 


The author directed attention to the growing tendency at the present time to 
apply the principle of standardisation in novel directions. He discussed the 
utility of standardisation in general, and concluded that while undoubtedl 
necessary for such things as weights, measures, and money, its desirability for 
wire and sheet gauges, screw threads, and the like is less incontestable, and the 
advantage of its application for fixing the dimensions of such structural mate- 
rials as rails and rolled joists is debateable, Still more doubtful is the value of 
standardising methods of mechanical testing as used for materials employed in 
construction. The author holds that in these disputable cases, convenience and 
expediency should be the sole criterion. The manufacturer is usually in favour 
of standardisation, but some caution must be exercised in accepting this pre- 
ference as evidence of the merit of the process. The application of the principle 
of standardisation to chemical analysis was then discussed. An histurical véswmé 
was given of the attempts which have been made to introduce standard 
methods of analysis of various materials. The work of the British Association 
in providing standard samples of steel was dealt with, and a distinction drawn 
between this undertaking and the establishment of standard methods for the analysis 
of steel. Reference was made to the activity of American chemists in promoting 
‘the use of standard methods of analysis. 

The author considers that the discordant views held by different chemists as to 
‘the desirability of standardising methods of analysis is due in some degree to 
‘want of mutual understanding, There are many arbitrary methods in use, ey., 
for the examination of water, oils, milk, butter, asphalte, manures, and feeding- 
-stuffs, which should be standardised. True analytical processes, such as the 
‘determination of all elements, most inorganic compounds, and many well-defined 
“organic bodies, cannot usefully be standardised. The plea for standardisation 
‘owes what force it possesses to a confusion of these two branches of work. The 
sauthor holds that the selection of a method for the determination of a chemical 
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entity must be left to the discretion of the trained chemist, and that the imposi- 
tion on him of a standard method is undesirable, and in practice unattainable. 

The agitation for standard methods has arisen in great measure from the 
occurrence of discrepancies in analysis which are inconvenient to the trader and 
injurious to the chemist. These discrepancies are due to bad sampling and 
unskilful work, and will not be remedied by standardisation, The remedy 
consists in more careful sampling, and in more accurate and skilful analysis. 
Uniformity of results will thus be obtained irrespective of uniformity of method. 

The situation of the works’ chemist was considered, and the conclusion 
reached that he must be better trained and better paid. The extra cost to the 
manufacturer will be recouped by the greater help afforded by the chemist. 

While desirous of confining standardisation to the chemical examination of 
substances for which arbitrary processes alone are available, and while condemning 
all attempts to standardise analysis properly so called, the author is of opinion 
that something more than a policy of /aisser faire can be usefully undertaken. 
He advocates conferences of specialists in different branches of analysis for the 
description of methods and their critical discussion. These conferences should be 
purely for the advancement of knowledge, and not for the promulgation of rules. 
By their influence the standard of accuracy in analysis would be raised, and 
concordance of results secured without recourse to the use of arbitrary and 
conventional methods. 


3. The Decomposition of Urea! By Cuaruxs E. Fawsirr, Ph.D. 


The author has studied the decomposition of urea into ammonia and carbonic 
anhydride in aqueous solution at 99° C. as a problem in reaction velocity. The 
reaction in presence of either acid or alkali would be expected theoretically to be 
bi- or tri-molecular, but the experimental results show that in these cases, and 
also when pure water is used as the solvent, decomposition proceeds in accord- 
ance with the formula of a monomolecular reaction. This apparent anomaly is 
explained by assuming the formation of an intermediate product—namely, of 
ammonium cyanate; further, the presence of this salt in the solution, as an 
intermediate product and not as a by-product, has been proved. The hydrolysis 
of urea is therefore not a case of direct saponification. é 


4. Report on the Relation between the Absorption Spectra and Chemical 
Constitution of Organic Substances.—See Reports, p. 99. 


5. Recent Synthetical Researches in the Glucoside Group. 
By Dr. E. FRANKLAND ARMSTRONG. 


If anhydrous hydrogen chloride or bromide be allowed to act at ordinary 
temperatures on either of the two isomeric pentacetyl-derivatives of glucose, the 
acetyl radicle attached to the aldehyde group is quantitatively displaced by 
halogen, giving rise to isomeric aceto-halogen-glucoses, which are well-defined 
crystalline substances. These compounds are of considerable value as synthetical 
agents, One of them was made use of by Michael some twenty years ago, in the 
form of a syrup, in effecting the synthesis of helicin and some other glucosides 
derived from the phenols. In practice the interaction between the halhydride 
and the acetyl-derivative is carried out in sealed tubes, the gases being liquefied 
by the aid of liquid air. When the interaction is at an end the tubes are again 
immersed in liquid air in order to allow of their being safely opened. The aceto- 
halogen-glucoses are completely converted into the alkylglucosides by treatment 
with alcohols, giving rise, when methyl alcohol is used, to the known a- and 
A-methylglucosides. 


1 Zeitschrift fiir physikalische Chemie, xli. 601. 


— 
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As the glucosides are obtained in a pure state by this method they crystallise 
without much difficulty. The 8-derivatives are specially easy to obtain, whereas 
when Fischer’s method is used, which involves heating a mixture of the sugar 
and alcohol together with a small quantity of chlorhydric acid, the greater part 
of the product is the a-glucoside; the methods therefore supplement one another, 
A series of alkyl derivatives of glucose and of galactose have heen investigated. 

Aceto-halogen-derivatives of both maltose and milk sugar have been prepared 
and the former converted into the corresponding 8-methylmaltoside—the simplest 
case of a trisaccharide. The behaviour of this compound towards enzymes is 
specially interesting. As Fischer has shown, maltose is an a-glucoside,! but in 
the synthetic compound the methoxy-group is introduced in the B-position. 
Methylmaltoside is, in fact, a double a-glucoside similar to the natural gluco- 
side amygdalin, and resembles this latter in its behaviour with yeast maltase, the 
maltose part of the molecule being hydrolysed, so that methylglucoside and 
glucose are formed; on the other hand, when subjected to the action of emulsin, 
the maltoside is resolved into methyl alcohol and maltose. An exactly analogous 
behaviour is shown by the corresponding phenolmaltoside. 

Recently, 8-acetochloro-derivatives of sugars have been prepared by Skraup by 
the action of phosphorus pentachloride and aluminium chloride on the pentacetyl- 
derivatives ; but in this case molecular rearrangement takes place, both the a- 
and 8-pentacetates giving the same chloro-derivatives. The investigation carried 
out by the author has shown that the 8-halogen-derivatives are the more stable, 
and that in presence of alkali the a- are rapidly converted into the B-derivatives, 
which is a definite proof that the isomerism and likewise that of the glucosides 
is stereochemical. This instability has unfortunately prevented a synthesis of 
the a-glucosides of the phenols; and it is of interest to note that nearly all the 
natural glucosides which have been physiologically tested belong to the @-series. 


6. The Synthetical Action of Enzymes. u 
By Dr. E, FRANKLAND ARMSTRONG. 


It has long been known that enzymes have the power of inducing hydrolysis, 
particularly of disaccharides containing a ‘glucoside-linkage,’ but the observation 
of Croft Hill that enzymes can also effect synthetical changes is of quite recent 
date; his experiments have shown that when maltose is hydrolysed by maltase, 
just as in the case of the hydrolysis of esters by acids, a reversible action takes 
place in concentrated solutions; and that in concentrated solutions of glucose a 
disaccharide is formed. Some uncertainty exists as to the nature of this sugar, 
Hill claiming that it is maltose, whereas Emmerling contends that he has identified 
it by means of the phenylosazone with isomaltose. Bearing in mind the great 
difficulty experienced in purifying and characterising the osazones of disaccharides, 
it is impossible, on the strength of this one derivative alone, to decide the ques- 
tion; but as Emmerling has shown that the sugar formed is not fermented by 
‘top yeast,’ it may be concluded that it cannot be maltose. 

Croft Hill’s conclusion that enzymes exercise synthetic functions has been 
justified by the later cbservations of Kastle and Loevenhart and of Hanriot on 
lipase, the enzyme by which fats are hydrolysed, these observers having shown 
that this enzyme is capable of producing both esters of fatty acids and glycerides. 
In these cases stereochemical isomerism is out of the question, and the products are 
identical with the natural substances. Emmerling has also demonstrated that the 
synthesis of araygdalin from mandelio-nitrile glucoside and glucose may be effected 
by means of maltase. 

It is interesting to note that Fischer has proved that isomaltose, not maltose, is 
formed by the action of acids on glucose, showing that in their case the action 
is not strictly analogous to the reversible hydrolysis of esters by acids, and it is, 


1 a-glucosides are those hydrolysed by maltase, 8-glucosides those hydrolysed by 


emulsin. 
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therefore, the inore probable that isomaltose should be formed by the action of 
enzymes, as their behaviour in other respects resembles that of acids. Unfortu- 
nately nothing is known as to the relationship of isomaltose to maltose, and it is 
impossible to say whether they are merely the a- and 8-glucoside forms, or whether 
they differ as regards the carbon atom to which the glucoside linkage is attached. 

The author has been engaged in studying lactase in conjunction with Professor 
E. Fischer, and they have been able to demonstrate that this enzyme is one of 
those which are capable of inducing synthetical changes. 

It was found that, whereas the action of lactase on milk-sugar was at first 
hindered and ultimately stopped entirely by the presence of the monosaccharides 
to which it gives rise, when the amount of these was further increased a change in 
the reverse direction took place. Accordingly the enzyme was kept for some time 
at 35° in a concentrated solution containing equal parts of galactose and glucose, 
toluene being added as an antiseptic. Both the reducing power and the optical 
rotatory power of the solution diminished steadily, and the phenylhydrazine test 
showed that a sugar was present capable of forming an osazone which was easily 
soluble in hot water. The tests, in fact, united in proving that a disaccharide had 
been produced. After three weeks the rotatory power of a 50 per cent. solution 
had fallen by about 16-20 per cent., indicating that roughly 20-25 per cent. of the 
glucose had been converted into disaccharide ; this conclusion was confirmed by 
the change in the reducing power. The isolation of the sugar in a pure state has 
not yet been effected. 

‘The properties of its phenylosazone resemble those of phenyllactosazone. More 
light has been thrown on the nature of the sugar by the study of its behaviour 
towards other enzymes. Having proved that the sugar—which has been termed 
provisionally Zso/actose—is unfermentable by ‘ top yeast,’ the solution, obtained in 
the manner described, was boiled, diluted, and subjected to fermentation in urder to 
remove the major portion of the unchanged monosaccharides: it was then concen- 
trated, and its behaviour studied towards ‘bottom’ yeast, emulsin, and kefir 
lactase. All the usual precautions were observed, the extent to which changes 
took place in the solution was ascertained by determining its reducing power and 
its rotatury power, when possible, and especially by means of the phenylhydrazine 
test. 

{In this way it was proved that, whilst isolactose is entirely fermented by ‘ bottom 
yeast,’ and hydrolysed by lactase, emulsin is without any action upon it, Tabulating 
the behaviour of the natural and synthetic sugars, it is obvious that the two are 
distinguished by their behaviour towards bottom yeast and emulsin ; their rela- 
tionship is, therefore, of the same order as that which obtains between the a-and 
B-allkcy]-glucosides. 


Top Yeast Bottom Yeast Emulsin Lactase 
Milk-sugar . . unchanged unchanged hydrolysed hydrolysed 
Isolactose . . unchanged fermented unchanged hydrolysed 


It is, at any rate, certain that milk-sugar is not formed, so that in the case of 
lactase, as in that of maltase, a sugar isomeric with that normally hydrolysed by 
the enzyme is obtained as the product of its synthetic activity. 

Lactase also exercises a reversible action, though to a much less extent, in a 
concentrated solution of glucose. In this case, also, a disaccharide is formed which 
is characterised by yielding a very soluble phenylosazone. On the other hand, 
little or no synthetical action is effected by lactase in a solution of galactose. 

Finally, experiments carried out in an exactly similar manner with emulsin 
show that this enzyme 1s also capable of effecting synthetical changes, and that it 
acts in a particularly rapid manner. The maximum of reversion is effected in a 
concentrated (50 per cent.) solution containing equal parts of glucose and galactose, 
an equilibrium being arrived at when about 20 cent. of disaccharide is present. 
Reversion ‘also takes place in a concentrated solution of glucose under the 
influence of emulsin. The products afford phenylosazones which are easily soluble 
in hot water, and are not fermented by top yeast, but easily by bottom yeast. 

It may therefore be regarded as established that the enzymes which induce the. 
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hydrolysis of glucosides are also capabie of acting reversibly in concentrated 
solutions of the glucoses; the disaccharides which are thus produced, however, 
are isomeric, not identical with those normaily hydrolysed by the enzymes, and in 
this respect, therefore, the condensing action of enzymes is comparable with that 
of concentrated solutions of mineral acids. 


7. The Telluric Distribution of the Elements in Relation to their Atomic 
Weights. By Witttam Ackroyp, J°.J,C, 


In the endeavour to arrive at new facts respecting the distribution of the 
elements, the purchasing power of a given sum is taken as an indication of plenty 
or rarity. Thus four guineas will buy 1 ounce of gold, 42 ounces of silver, and 
2,286 ounces of copper ; 188 ounces of sodium, 26 ounces of potassium, 0-065 ounce 
of rubidium, and 0:029 ounce of cesium, In each of these natural groups the 
rarity of the element, as indicated by such distribution figures, increases with 
atomic weight, The limitations of the method are dealt with. Some forty-five 
examples are calculated and tabulated. 

The results of calculations of the absolute telluric distribution of chlorine, 
bromine, and iodine are also given, as follows :— 


c 
a a Cc ud 
b 
Relative distribution in 
per cent. of earth’s mass 


Atomic weight Atomie (distribution 


Cl 35°5 4:86 x 1074 0-136 x 1074 


Br 80 5°83 x 107 0:0728 x 10-8 


| 
| 
| 
\ 
| 
| 
| 


I 7 5°83 x 10°8 | 0:0459 x 10-8 | 


The inverse relation of distribution to atomic mass here is pointed out, and 
also the remarkable fact that as bromine is intermediate in mass, so also is it 
intermediate in absolute tellurie distribution in this group. 

The cosmical importance of the subject is shown in dealing with the excep- 
tions—some of the lightest non-metals and the heaviest of metals. The general 
conclusion is drawn that in the genesis of the elements from protyle less and less 
atoms of highest mass were evolved, and that the universe became pervaded by 
the greatest quantity of those atoms which have the lowest masses, 


SATURDAY, SEPTEMBER \3. 


The Section did not meet. 


MONDAY, SEPTEMBER 15, 
The following Papers and Reports were read :— 


1. Our Present Knowledge of Aromatic Diazo-compounds, 
By Girpert Toomas Moreay, D.Sc., /.L.C.—See Reports, p. 181, 


1 Published in full in the Chemizal Nems, vol, 1xxxyi. P: 187, 
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2. The Colowr of Iodine-containing Compownds. By Miss IpA SMEDLEY. 


Professor H. E. Armstrong! has for some years contended that a generalisation 
may be made as to the molecular structure of substances which are visibly coloured 
in the conventional acceptance of the term, since almost all coloured organic sub- 
stances may be represented by a ‘quinonoid’ structure, if the term ‘quinonoid’ be 
regarded as including any compound which contains at least three centres having 
some influence on the passage of light through the molecule. From this point of 
view he regards iodoform as a quinonoid substance in which the three iodine 
atoms act as centres co-operating to produce colour. 

Substances containing iodine may be divided into two classes—coloured and 
colourless. Does any distinctive similarity of structure exist in the coloured iodine- 
containing compounds P 

Of the molecular condition of solid iodine nothing is known; in solutions the 
number of atoms in the molecule probably lies between two and four.” The violet 
vapour up to 700° C. consists of di-atomic molecules ; but completely dissociated or 
gaseous mon-atomic iodine is described as colourless. The iodine halogen com- 
pounds are also coloured, the mono-chloride much more intensely than the tri- 
chloride. When iodine acts asa trivalent element, combination with one chlorine 
atom is insufficient to produce colour: thus di-phenyl iodonium chloride (IPh,Cl) 
is colourless, but phenyl iodide chloride (IPhCl,) is yellow. 

Since the iodine atom itself is probably colourless, the colour of the compounds 
must be attributed to the mutual effect of the halogen atoms. Further, a com- 
parison of the iodine chlorides shows that the tendency to produce colour is greater 
where the iodine atom is not fully saturated. 

Amongst the compounds of iodine with other elements, the readiness with 
which double iodides are formed, the comparative insolubility of many of the 
iodides, and the colour-changes they undergo on heating, suggest that their mole- 
cular structure is more complex than is usually represented. Nearly all the mono 
and divalent elements give colourless iodides, and it is probable that the coloured 
di-iodides are really polymerised. Mercuric iodide, for instance, which exists in 
two coloured isomeric forms, gives a colourless vapour, the density of which 
corresponds with the simple formula HgI,. Among organic substances the excep- 
tional case of di-iodoacetic acid and its salts,® which are all described as yellow, 
needs further investigation. 

In the case of tri-iodides and higher iodides generally, the appearance of colour 
is determined, not only by the number of iodine atoms present, but also by the 
condition of the iodme. Thus the nitrogen group of elements form deeply 
coloured tri-iodides, while the tri-iodides of boron and aluminium are colourless, 
In hydrocarbon derivatives the three iodine atoms must be associated with the same 
carbon atom in order to produce colour, as in iodoform ; poly-iodo-derivatives in 
which the iodine atoms are joined to different carbon atoms, as in tri-iodo-benzeno, 
being colourless, 


3. On a Fourth Methylmorphimethine.4 By 3. Wawtnorne, B.A. 


Three isomeric methylmorphimethines have been up to the present described, 
whilst the most recent formule suggested for these bodies indicate the existence 
of a fourth. 

a-methylmorphimethine was first obtained by Hesse and Grimaux by the 
action of caustic potash upon codeine methiodide; by the action of alcoholic 
potash and other reagents it yields 8-methylmorphimethine. 

The third isomer was prepared by Schryver and Lees* by the action of 
caustic potash upon isocodeine, and was named by them methylisomorphimethine ; 


1 Proc. .8., 1892. 2 Loeb., Trans. C.S., 1888, 
* Perkin and Duppa, Annalen, 185. 

* The paper is published in full in the Berichte, xxxv, p. 3010, 

5 Trans. CS., vol, lxxix. 1901. 


TRANSACTIONS OF SECTION B. 583 


although they ascribe to it a different structure from the a- and B-compounds it 
may for the sake of uniformity be called y-methylmorphimethine. 

Working under the direction of Professor Knorr, of Jena, the author has 
obtained a fourth isomer—d-methylmorphimethine—by boiling the y-derivative 
for some time with alcoholic potash, a method analogous to that used in preparing 
the B- from the a-form. 6-methylmorphimethine forms well-defined prismatic 
crystals: it is sparingly soluble in ether, but easily in methyl and ethyl alcohols, 
chloroform, benzene, ethyl acetate, and acetone. It melts at about 112° C., and 
in methyl alcohol it gives a specific rotation of + 256°. 

The methiodide of S5-methylmorphimethine crystallises from water in rect- 
angular plates, melting at 282° C. and giving the specific rotation +151°. It 
can also be prepared directly from the y-methiodide by boiling the latter for 
some time with dilute caustic potash. A similar transformation of a- into 
B-methiodide was effected by Hesse. 

The benzoate of the new base crystallises in fine needles, and in 99 per cent. 
alcohol has a specific rotation of + 181°, as against + 41° for the y-derivative. 

The research is not yet finished, but the results already obtained support the 
theory as to the existence of two asymmetric carbon atoms in the molecule of 
morphine and its immediate derivatives. 


4. The Alkylation of Sugars. 
By Tuos. Purvis, /.2.S., and Jamus C. Irvine, B.Sc., Ph.D, 


The method of alkylating hydroxyl groups by means of a mixture of silver 
oxide and alkyl iodides does not appear directly applicable to aldoses or ketoses, 
and results in oxidation and subsequent changes of some complexity. By means of 
this reaction, however, the authors have succeeded in alkylating methyl glucoside 
with the formation of tri-methylic and tetra-methylic methyl glucoside ethers, com- 
pounds from which alkylated aldoses can presumably be obtained on hydrolysis. 

Tri-methylic methyl glucoside ether—The methyl glucoside used in the pre- 
paration was obtained by heating glucose in CH,OH solution with HCl for fifty 
hours at 100°. The glucoside (melting-point 165°-167°) was dissolved in boiling 
methyl alcohol, and a large excess of the alkylating mixture, in the proportion of 
two molecules iodide to one of oxide, gradually added. After all action ceased, the 
mixture was boiled under a condenser for over an hour, and filtered. 

On removal of the alcohol, the filtrate was extracted with ether, and after 
drying and evaporation, the xewtral syrupy extract was distilled in vacuum from a 
graphite bath. An extremely thick colourless liquid passed over between 
155°-157° under 12 mm, pressure, and after refractionation a sample gave on 
analysis figures in close agreement with the calculated numbers for tri-methylic 
methyl glucoside ether: 


CHOCH,.CHOCH,.CHOCH,.CH.CHOCH,.CH,OH. 


a ‘i lamyigls teas 


A molecular weight determination showed that no rupture of the molecule had 
occurred, and the methoxyl content of the compound was confirmed by Zeisel 
determinations. 

The higher fractions obtained in the vacuum distillation were extremely thick, 
and the results of analyses showed these to consist of incompletely methylated 
glucoside. 

Tri-methylic methyl glucoside is optically active, a 5 per cent. solution in 
alcohol showing a specific rotation of +126°75° at 20°, whilst for the pure sub- 
stance (a)p*” = +129:27°. The compound is soluble in water, alcohol, ether, and 
methyl iodide, and the aqueous solution has no action on Fehling’s solution until 
hydrolised with HCl, when the aldose produced in the reaction effects ready 
reduction. 

Tetra-methylic methyl glucoside—This compound was prepared by adding 
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silver oxide to a solution of the tri-methylic ether in a large excess of methyl 
iodide, and boiling the mixture for several hours. After filtering and evaporating, 
the product was distilled in vacuum, and tetra-methylic methyl glucoside obtained 
as a colourless fairly mobile liquid, boiling at 144°-145° under 17 mw. pressure, 
In different preparations the boiling-point was the same, and satisfactory results 
were obtained in the combustions and Zeisel determinations, The specific rotation 
at 20° of the pure substance proved to be + 127:88°, whilst a5 per cent. solution in 
alcohol gave (a) 2° = + 127:78°. 


Hydrolysis of the Compounds, 


Both tri-methylic and tetra-methylic methyl glucoside when hydrolised give 
compounds capable of reducing Fehling’s solution, and therefore probably contain- 
ing an ‘aldose’ structure. On hydrolysis of the tri-methylic ether by means of 
20 per cent. HCl, a colourless gum was isolated from the reaction products, which, 
after drying at 110°, gave figures on combustion approximating to those required 
for tri-methyl glucose. The substance reduced both Fehling’s solution and an 
ammoniacal solution of silver nitrate, and a qualitative Zeisel experiment showed 
that the methoxyl groups had survived the hydrolysis. So far this body has not 
been obtained in a state of purity, but we are at present engaged in the preparation 
of the compound on a larger scale, with a view to examining its properties and 
investigating the special reactions of which it is capable. We likewise hope to 
publish shortly an account of the alkylated glucose obtainable from the tetra- 
methylic methyl glucoside, and to continue our experiments on other alkylated 
sugars which are already partly prepared and examined. 


Alkylation of Acetone-rhamnoside. 


According to Fischer's formula for acetone-rhamnoside, the compound con- 
tains two hydroxyl groups, and we find that the silver-oxide reaction can be 
successfully carried out on the substance with the formation of di-methylic acetone- 
rhamnoside. 

The rhamnoside, when dissolved in acetone, reacted energetically with silver 
oxide and methyl iodide, and after filtration and evaporation the product was 
distilled in vacuum. Complete alkylation was, however, only obtained by dis- 
solving the distilled product in methyl iodide and repeating the treatment with 
silver oxide. On distillation, a colourless pleasant-smelling oil was obtained 
(boiling-point =115°-118° under 11 mm. pressure), which the combustion and 
Zeisel results showed to be di-methylic acetone-rhamnoside. 

The compound is soluble in the ordinary organic solvents, and has scarcely any 
action on Fehling’s solution until hydrolised with HCl. 

A 5 per cent. solution in acetone had a specific rotation of —24-64° at 20°, this 
result being in sharp contrast to the value of (a), for the parent substance, which 
equals +17:4°. 

Presumably the compound on hydrolysis splits off a molecule of acetone and 
gives a di-methylic rhamnose, just as the rhamnoside itself yields acetone and 
rhamnose. We are at present engaged in the investigation of this reaction, and it 
is our intention to examine the hydrolysis product in detail, with a view to 
establishing its reactions and constitution. 


5, Report on the Collections of Statistics concerning the Training of 
Chemists employed in English Chemical Industries.—See Teports, 
Pais 


6. Keport on Isomeric Naphthalene Derivatives.—See Reports, p. 176, 


7. Report on Isomorphous Sulphonic Derivatives of Benzene, 
See Reports, p. 180, 
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8. The Reduction of some Metallic Chlorides by Calcium Carbide. 
By Major W. E. Epwarps, £#.A., Captain C. H. Liverne, #.A4., and 
Professor W. R. Hopaxinson, PhA.D., LLC, PRS LE. 


Many metallic oxides are reduced to the metal when heated with calcium 
carbide. It is, however, an inconvenient reducing agent for oxides on account of 
its infusibility. 

It occurred to us that it might be useful in the case of some metals, as 
cerium, chromium, manganese, and others, the oxides of which are not easily or 
not practically reducible by carbon in ordinary furnaces, if it would act upon the 
chlorides or fluorides of these metals. 

The first experiments were made with cerium chloride simply because we 
were trying to obtain some alloys of that metal. 

Cerium oxide is easily converted into chloride by heating with an excess of 
ammonium chloride. On heating a mixture of this chloride with finely powdered 

carbide there was a decided reaction in so far that calcium chloride was formed 
and an infusible black granular substance which appeared to be a compound or 
mixture of cerium and carbon with some unchanged carbide. 

A mixture of cerium chloride, calcium carbide, and copper in filings gave in 
the first experiment an alloy of copper and cerium containing about 6 per cent. 
of the latter metal. This alloy is very tough, but not appreciably harder than 
commercial copper. 

We have since obtained alloys considerably richer in cerium, and we are 
examining the properties of some alloys of this metal and also of didymium with 
copper. 

Faanireficas chloride is equally, if not more easily, reduced by carbide, and we 
find it a comparatively easy method of formation of manganese-copper alloys. 

Tron and nickel are not quite so convenient to employ with carbide, as much 
carbon is taken up. 


TUESDAY, SEPTEMBER 16. 


The following Papers and Reports were read :— 


1. Colloids of Zirconium, compared with those of other Metals of the 
Fourth Group. By Dr. J. H. Guapstonn, /.R.S., and WALTER 
Hissert, 7.1.0. 


On continuing the experiments on colloids, which were described in their 
apers at Dover and Glasgow, the authors found that zirconium gave a colloid 
of well-marked properties, resembling those of silicon, tin, titanium, and thorium. 
The tetrachloride of zirconium is a volatile pungent body which, reacting with 
water, forms hydrochloric acid, and various oxychlorides or hydroxides. The 
gummy mass so obtained, when dried, eave beautifully regular forms of fissures 
and spirals. The gummy solution, when heated, formed a gel which, when 
exposed to the air, gradually lost water. Successive diffusates from this gel gave 
various crystalline forms on evaporation, The first diffusate was particularly 
rich in dagger-shaped crystals with rounded edges, which proved to be oxy- 
chlorides. In later diffusates this compound was gradually replaced by crystals 
of other forms, similar to what had been previously observed among the colloids 
of tin and titanium, and which apneared to be free from chlorine. ‘These crystals 
were extremely labile, and exhibited forms always more or less curved in their 
outlines. The solutions of these colloids of zirconium, tin, and titanium slowly 
formed crusts or skins which were insoluble in water, and which slowly shrank, 
often cracking in irregular patterns, It is a curious circumstance that the solu- 
tion of zirconium colloid very readily produces spongy growths, similar in appear. 
ance to those that have previously been observed in solutions of silicon. All 
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these colloids seem to be marked by the extreme readiness with which the 
hydroxyl element replaces more or less chlorine, and by the number of molecules 
of water with which they will combine. 


2. On Fluorescent and Phosphorescent Diamonds. 
By Dr. J. H. Guapsrone, PRS. 


In the ‘Comptes Rendus,’ 134, M. Chaumet describes the fluorescence excited 
in diamonds by violet light, and considers that this effect is strongest in the best 
and most valuable stones. He describes an experiment with a certain yellow 
diamond which showed no fluorescence under violet light, but after a few minutes’ 
exposure became dark brown, regaining, however, its original colour and brillianey 
in the course of twenty-four hours. 

This communication has led the author to refer to the fact that at the 
Aberdeen Meeting of the British Association in 1859 he exhibited and described a 
diamond ring, three stones in which were somewhat fluorescent by daylight, and 
which phosphoresced in the dark after exposure to sunlight. The Rev. Dr. 
Robinson showed this phosphorescence to his audience in one of the evening 
lectures. These diamonds were more fully examined afterwards, and it was found 
that they shone most brightly when exposed to the violet and ultra-violet rays ; 
but the length of time that the phosphorescence in the dark lasted seemed to vary 
with the manner or length of previous exposure in a way not to be easily 
explained. This led the author to examine the very valuable jewellery of a 
personal friend; not one of her diamonds exhibited this phenomenon, which 
suggested the idea that the property in question was due to some impurity not 
usually found in diamonds of the first water. A few years ago Professor Silvanus 
Thompson exhibited this ring during the course of a lecture on some phenomena 
of light at the Royal Institution. The diamonds shone very brilliantly, but after- 
wards they entirely lost their phosphorescent power. ‘They were kept in the dark, 
and in the course of a year or so the power of phosphorescing was restored, 
though not to its former extent. These tests have been put an end to by the loss 
of the ring through a fire. 


3. Acid Esters of Methyl Succinic Acids. By Professor J. J. SupBoROUGH, 
Ph.D., D.Sc., and Wituram A. Bons, Ph.D., D.Sc. 


The acid esters of mono-, di-, tri-, and tetra-methyl succinic acids have been 
prepared and their esterification constants and electric conductivities determined. 

The results of the esterification constants clearly indicate the retarding influ- 
ence which the introduction of methyl groups has on the rate of esterification of 
methyl hydrogen succinate. No broad generalisations can be drawn from a study 
of the electric conductivities. 

The determination of the esterification constants of a pair of isomeric acid 
esters derived from an unsymmetrical dibasic acid would appear to be one of the 
best methods for ascertaining their constitutions. The following acid esters have 
been prepared :—Methyl hydrogen succinate, m.p. 58°. Methyl hydrogen methyl 
succinate, an oil identical with the compound described by Braunschweig. 
Although, theoretically, two isomeric monomethy] esters are possible, so far only 
one has been obtained. The same ester is formed when any one of the following 
methods is employed: (a) Partial esterification of the acid ; (b) partial hydrolysis 
of the neutral ester; (c) addition of methyl alcohol to the acid anhydride. 
Methyl hydrogen cs dimethylsuccinate melting at 38°. Methyl hydrogen trans 
dimethylsuccinate melting at 47°5. Two isomeric methyl hydrogen gem 
dimethylsuccinates melting at 40°5 and 52°. Two isomeric methyl hydrogen 
trimethyl succinates, both of which are oils) Methyl hydrogen tetramethyl 
succinate, m.p, 68°, 


—— 


NI 
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4. Compounds of Trinitrobenzene with Alkylated Arylamines. 
By H. Hissert, I.Sc., and Professor J. J. Supporoven, Ph.D., D.Sc. 


In continuation of the earlier work? it has been found that trinitrobenzene 
forms well-defined, stable additive compounds with the alkylated naphthylamines. 
These compounds are all of a reddish or reddish-black colour, and are decomposed 
when boiled with mineral acid. 

The products formed from trinitrobenzene and secondary bases—for example, 
methyl! a-naphthylamine and ethyl 8-naphthylamine—may be acetylated and yield 
products which are identical with those obtained by the combination of trinitro- 
benzene with the acetylated secondary base. As a rule these acetyl derivatives 
are unstable, and when crystallised from different media decompose into their 
constituents—namely, trinitrobenzene and the acetylated base. 

The compounds of trinitrobenzene with tertiary bases—for example, dimethyl 
a-naphthylamine and dimethyl 8-naphthylamine—are unacted on by acetic anhy- 
dride, and may be boiled with this reagent for some time without undergoing 
decomposition. 

The following compounds have been obtained :— 


1. Ethyl a-naphthylamine trinitrobenzene, dark maroon-coloured needles, 
melting at 153-153°°5, 
2. Diethyl a-naphthylamine trinitrobenzene, scarlet needles, melting at 95-- 
95°'5, 
3. Dimethyl] a-naphthylamine trinitrobenzene, red needles, melting at 105-106°. 
4, Ethyl B-naphthylamine trinitrobenzene, ruby-black prisms, melting at 106°; 
the acetyl derivative crystallises in very large sulphur-yellow prisms, melting at 
77-78°. 
‘i 5. Diethyl @-naphthylamine trinitrobenzene, short black prisms, melting at 
5-116°. 


5. Action of Alkalis on Cinnamic Acid Dibromide and its Esters. By 
Professor J. J. SupsBoroueuH, Ph.D., D.Sc., and K. J. THompson, 
B.Se. 


By the action of alkalis on cinnamic acid dibromide and its esters a mixture 
of a-bromo-cinnamic and a-bromoadlo-cinnamic acid is obtained. When the acid 
dibromide itself is employed the main product is the a-adlo-acid and only a small 
amount of the a-acid. When however the esters are used, the two acids are 
formed in almost equal quantities. An increase in temperature, presence or 
absence of sunlight, and the nature of the alkali employed affect but very slightly 
the relative amounts of the two acids formed. Dimethyl aniline reacts with 
cinnamic acid dibromide yielding as chief prcducts cinnamic acid, a-bromo-cinna- 
mene, and a minute quantity of a brominated acid. 


6, On the Absorption of Ammonia from Water by Alge. 
Ly Professor E. A. Lerts, Ph.D., and Mr. J. 8. Torton. 


7. On Determinations of Atmospheric Carbonic Anhydride made on Board 
the ‘ Discovery’ on the Voyage to the Cape and thence to New Zealand. 
By Professor E. H. Lerrs, Ph.D. 


8. A New Method of causing Isomerisation. 
By Professor RapHart Metpota, /.R.S., V.P.C.S. 


1 Journ. Chem. Soc,, 1901, 79, 522. 
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9. Interim Report on the Action of Gases dissolved in Metals and Alloys 
on their Properties. 


10. Report on the Nature of Alloys.—See Reports, p. 175. 


11. Report on Preparing a New Series of Wave-length Tables of the 
Spectra of the Elements.—See Reports, p. 137. 
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Section C.—GEOLOGY. 


PRESIDENT OF THE Section—Lieut.-Gen. C. A. McManov, F.R.S., V.P.G.S. 


THURSDAY, SEPTEMBER 1}. 


The President delivered the following Address :— 


Rock Metamorphism. 


I wisn to offer some observations to-day on some aspects of rock metamor- 
phism; and as this is a complex subject, and the time at my disposal is brief, 1 
purpose to deal with it in simple language, und to avoid as far as possible all petro~ 
logical technicalities. 

A short description of a granite in the Satlej Valley of the Himalayas will, I 
think, introduce us by a short cut to the consideration of ‘ contact metamorphism,’ 
an important branch of the subject under consideration. 

The granite I allude to is an intruder in the normal gneissose-granite of the 
Himalayas, and cuts through it at right angles to its foliation. 

The intruder, which is some yards wide, did not rise through a simple crack or 
fissure, for its passage upwards was interrupted by a sheet of dark intrusive 
diorite, vlder than itself, which ran, roughly speaking, parallel to the foliation of 
the gneissose-granite. 

This sheet of diorite offered considerable resistance to the rising granite. 

The granite zigzagged backwards and forwards across the diorite and ran along 
its edges for fifty yards or more, converting it into a mica trap. 

It then tore itself away and continued its upward course. The granite Tam 
describing was in a molten or fluid condition at the time of its eruption, as I hope 
to show in my subsequent remarks. 

I may pause here, however, to consider in passing what was the probable 
temperature reached by a granite such as that above described. 

The question is one of very great difficulty, as we know so little about the 
plutonic conditions of igneous rocks, and can only arrive at an answer to our ques- 
tion by indirect evidence. 

The melting-point of quartz ranges from 1425° to 1450°C., but the fusion 
point of granite need not necessarily be as high as this, inasmuch as the presence 
of water at high temperature materially lowers the melting or solution point. 

The fusion point of the other constituents of granite may here be mentioned: 
that of orthoclase ranges from 1164° to 1168°; microcline, 1169°; albite, 
1172° ; augite and hornblende, 1188° to 1200°; apatite, 1221°. Zircon, which 
is commonly found in granites, and is one of the first minerals to separate out of 
the magma, is shown by Ralph Cusack to have probably a melting-point of 1760° ; 
whilst topaz, a not uncommon mineral in granite, is infusible up to the melting- 
point of platinum, namely, 1770° C. 

If we consider, therefore, the melting-points of the mineral constituents of 
granite, we can hardly avoid the conclusion that for the magma to have attained 
perfect fluidity it must have reached a temperature of at least 1200° C, 
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Vernadsky has shown that kyanite is transformed into sillimanite, a well-known 
product of contact-metamorphism at a temperature of 1320° to 1380°. 

If rocks in contact with granitic masses have been raised to this temperature, 
it follows that the granite itself must have been still more heated. Vernadsky’s 
observations have been relied on by Mr. George Barrow in his well-known paper 
‘On an Intrusion of Muscovite-biotite Gneiss’ in the 8.E. Highlands of Scot- 
land to account for the presence of sillimanite in the inner zone of metamorphism 
between the kyanite schists and the granite, and he considered that the tempera- 
ture attained by the ‘ central masses of the Highland rocks’ was probably higher 
than the figures indicated by Vernadsky. 

Bearing all considerations in mind, including the influence of water and alkali 
in reducing, and of pressure in raising, the melting point, I think we may safely 
infer that granites, such as the Himalayan granite alluded to above, must have 
been raised at plutonic depth to a temperature midway between red and white 
heat, that is to say, to at least 1200° C. 

To return to the granite of the Satle] Valley under consideration, I wish to 
draw attention to its condition just before crystallisation commenced. 

A study of the mineral beryl will, it seems to me, throw light on this point. 

Beryl is an important accessory mineral of the granite under description. It is 
clearly an original mineral, and it is material to note that it was the first mineral 
to crystallise out of the magma of the Satle] granite. This is shown by several 
circumstances, 

In the first place the beryl preserved its perfect crystallographic shape, showing 
that its molecules during the entire period of crystallisation possessed comparative 
freedom of motion, and were not interfered with or molested by other solid 
minerals. In the second place all the essential minerals of the granite when they 
subsequently crystallised out of the magma were deposited on the erystals of beryl. 
I have specimens of the granite showing crystals of beryl enclosed in felspar, in 
muscovite, and in quartz. 

The beryl, therefore, having been the first mineral to crystallise, the examina- 
tion of thin slices of it under the microscope ought to give us a clue to the con- 
dition of the magma at the time the beryl was formed. 

I have made such an examination, and I find that the beryl is crowded with 
liquid and gas cavities, the former containing movable bubbles and deposited 
crystals as well as water. 

The bubbles are of substantial size relative to the area ofthe cavities, showing 
that the water suffered considerable contraction after it was sealed up in the 
beryl. 
Boneh long ago suggested that the fluidity of lavas below the melting-point 
was due chiefly to the water they contained, and attributed the liquidity of granite 
to the same cause. 

Scrope, however, in ascribing the mobility of an igneous rock to the presence 
of water seems to have had regard principally or wholly to its mechanical action 
in furnishing an elastic medium in the interstices between the crystals or grains of 
the rock. He observes that a lava consists ‘ of more or less granular or crystalline 
matter, containing minute quantities of either red-hot water, or steam in astate of 
extreme condensation, and consequent tension, disseminated interstitially among 
the crystals or granules, so as to communicate a certain mobility to them, and an 
imperfect liquidity to the compound itself,’ and he quotes Scheerer and Delesse, both 
of whom assert that water exists in mechanical combination with all crystalline 
rocks, ‘its minute molecules being intercalated between the crystals.’ 

Nowadays one would attribute the liquidity of an igneous rock not so much 
to the mechanical action of the water present in it as to the combination of the 
water with the mineral contents of the lava, producing a state of solution. 

Sorby’s investigations supported Scrope’s observations, for he proved that the: 
liquid contained in the inclusions in granite is water, and showed that it was 
caught up during the formation of the crystals, ‘and was not introduced subse-: 
quent to the consolidation of the rock.’ 

The water now contained in cavities in the beryl was probably held in solu- 
tion by the constituents of that mineral at the time of its formation, and as it 
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cooled down the water separated from the substance of the beryl and formed the 
cavities in which we now find it imprisoned. 

If this be so, it follows that when the beryl crystallised out of the magma, 
the latter was in a fluid condition, and held a considerable amount of heated 
water in solution. The temperature of the magma must have been above that 
of red heat, and the potential energy of the water held in a fluid state by pressure 
must have been great. When therefore in the course of the earth movements 
which accompany or in some cases are caused by the intrusion of eruptive igneous 
masses, pressure was temporarily relieved by the rupture and faulting of rocks, 
the superheated water contained in the magma would be ready to flash into 
steam with almost explosive violence. 

It must also be borne in mind that water under great pressure, at or above a 
red heat, has a powerfully solvent action on most minerals, even on so refractory 
a mineral as quartz. When therefore granite in the molten and fluid condition 
of the Satlej granite was erupted along a line of faulting, fissure, or weakness, 
the superheated water or steam, bearing with it much mineral matter in solution, 
must have acted with great chemical energy on the rocks into which it was 
intruded. 

I have spoken of water carrying mineral matter in solution, and of a magma 
carrying water in solution, These two conditions may rapidly succeed each other 
under varying conditions of temperature and pressure. ‘’o use the words of Van 
Hise, ‘ under sufficient pressure and at a high temperature there are all gradations 
between heated waters containing mineral material in solution and a magma con- 
taining water in solution.’ 

The condition of the beryl crystals, crowded as they are with liquid cavities, 
shows how high a proportion of superheated water was contained in the fluid 
granite magma at the time of their formation. 

Sorby estimated that the fluid cavities in the quartz of granites sometimes 
amount to more than ten thousand millions to the cubic inch. As quartz, how- 
ever, is usually the last mineral of a granite to consolidate, it may be thought that 
the water contained in it is a residuum left by the felspar and muscovite on their 
separation from the magma; but the case of the beryl above quoted shows clearly 
that the amount of water diffused through the magma before the mica, felspar, 
and quartz began to consolidate must have been very considerable. The amount 
of water held in solution by a granite, during the time of its aqueo-igneous 
fusion, cannot be estimated by the amount of water given in the analysis of 
consolidated and dried hand-specimens of that rock. A considerable proportion 
of this liquid must necessarily have been lost during the gradual cooling of the 
yock, and in the course of its intrusion into neighbouring sedimentary strata as 
sheets, dykes, and veins. Sorby, as the result of other lines of investigation, 
came to the conclusion that the amount of water present in granite, though limited, 
is considerable. 

We must now turn for a few minutes to consider the important question of 
the porosity of minerals, and their permeability by heated water and gas at high 
pressure. 

The fact that solid substances are built up of molecules having interstitial 
spaces between them hardly needs demonstration nowadays. 

But have we all quite realised that the molecules of rock-forming minerals 
and crystals are not inert particles of matter, but that they vibrate or revolve or 
are endowed with other orderly movement that may be likened to the motion of 
the planets round the sun ? 

Far, far away in space the solar system would, to an eye formed like our own, 
in all probability present a nebulous appearance, because the eye would not be 
able to see the individual members of our system. 

So, too, the molecules of which crystals are built up may have their appro- 
priate motions, but we cannot see them with the eyes of sense because the mole- 
cules are beyond the highest powers of the microscope. 

We can, however, I think, perceive them with the eye of the scientific ima- 
gination; and the hypothesis that the molecules of minerals are separated from 
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each other by intermolecular spaces, and have their modes of motion, seems 
essential to the comprehension of rock metamorphism. 

The important experiments of Sir W. Roberts-Austen on the diffusion of gold 
in pure lead throw considerable light on this subject. 

Disks of solid gold were held against the bases of cylinders of lead by clamps, 
and were kept in an upright position at the ordinary temperature for four years. 
At the end of this time it was found that the gold had diffused upwards in the 
solid lead, for a distance of 7°65 mm., in sufficient quantity to be detected by the 
ordinary methods adopted by assayers. ‘Traces of gold were found still higher, 

When a column of molten lead, 16 cm. high, was placed above solid gold and 
kept at a mean temperature of 492° C., that is to say, at 166° above the melting 
point of lead, but 569°7° below that of gold, the gold diffused in considerable 
amount, to the top of the lead column, in a single day. 

Sir W. Roberts-Austen’s experiments, above alluded to, demonstrate that even 
such metals as gold, whose melting point is as high as 1061:7° C., exhibit a 
measurable amount of kinetic energy at the ordinary temperature and pressure. 
Great’ results may no doubt be brought about at ordinary temperatures and pres- 
sures, when time, as in the laboratory of nature, is practically unlimited; never- 
theless the importance of high temperature and high pressure, in operations 
connected with metamorphism, can hardly be overrated. 

Not only does a rise in temperature increase the energy of the chemical actions 
and reactions which produce the mineralogical changes embraced by the term 
metamorphism, but it increases the porosity of minerals and facilitates the passage 
of liquids and gases through their pores. 

The cohesion of molecules is lessened, the amplitudes of their vibrations, 
rotatory or other movements, are increased, and a passage is opened for the advance 
of chemical materials into the heart of the crystal. 

Increase of temperature thus not only throws open the doors of the mineral 
fortress attacked, but gives enhanced energy to the invaders. The fact that the 
mineral components of a rock are, under conditions of heat and pressure practically 
porous to heated water, laden with chemical reagents in solution, is frequently 
brought home to the mind of the petrologist in a very tangible way. We some~ 
times observe, for instance, that metamorphic changes begin at the heart of a 
crystal, and leave the peripheral portions of it fresh and unaltered. 

In such cases the chemical agents of change have evidently passed freely 
through the outer parts of the crystal, and have by preference selected its internal 
parts for attack. 

In order to explain clearly how this remarkable result takes place, in the cases 
referred to, it will be necessary to diverge for a few minutes to consider another 
branch of our subject. It is difficult, if not impossible, to lay down any hard and 
fast rule of universal application, because the conditions under which igneous 
rocks crystallise vary with temperature, pressure, the relative proportion of con- 
stituents, and other local causes, and these variations in the conditions may 
materially aflect the results; but I think the rule that minerals crystallise out of 
a molten magma in the order of their basicity is of very frequent if not of abso- 
lutely general application. This rule also governs the growth of individual 
crystals, especially those that exhibit what is known as zonal structure. Take, 
for instance, the felspars of an igneous rock. A gradual passage may frequently 
be traced by the petrologist from one species of felspar at the heart of a crystal 
to another distinct species at its periphery. Sometimes a crystal is made up of 
more than two species, which shade more or less gradually into each other. In 
accordance with the rule laid down above, the more basic species formed first ; 
then, as the percentage of the bases left in the magma gradually decreased, owing 
to the first furmed crystals having taken a lion’s share of the available bases, the 
felspars that formed later became gradually more and more acid in composition. 
Thus a large felspar of slow and gradual growth may be composed of several 
zones, each zone being successively less basic and more acid than that upon which 
it crystallised, each successive zone thus possessing slightly different physical 
properties from the one that formed before it. 'These statements are capable of 
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proof. When sections of felspar, such as occur in thin slices of igneous rock, are 
examined under the microscope in polarised light, petrologists can distinguish one 
species from the other—when the direction in which the sections were cut is 
approximately known—by measuring the angles at which they extinguish from 
the twinning or the pinacoidal plane. 

This is not mere theory. Each species of felspar has its own angle of 
extinction and its own index of refraction. The determination of these two 
factors enables a petrologist to prove optically the change in composition; or, in 
other words, the change in species which has taken place in the successive 
zones, during the gradual growth of a large zonal felspar, 

Another general rule must now be mentioned. I think it may safely be 
asserted as a broad rule, that the different species of felspars are attackable by 
the chemical reagents which make themselves felt in metamorphic action, in the 
order of their basicity; that is to say, the more basic felspars are more easily 
attacked than the acid ones. When we bear in mind the facts stated above, 
we shall, I think, be able to see clearly how it is that the peripheral portions 
of large felspars in igneous rocks sometimes escape alteration, whilst the cores 
of these crystals are converted into secondary minerals, such as chlorite, silvery 
mica, zoisite, epidote, kaolin, steatite, saussurite, calcite, and scapolite. 

The chemical reagents flowing in solution through the pores of the felspars, 
pass by the more acid and refractory species, and devote their energies to the 
more susceptible basic species entombed at the heart of the zonal crystals. 

The point I wish to enforce most strongly is that the phenomenon above 
described, namely, the formation of secondary metamorphic minerals in the 
interior of a crystal, combined with the comparative immunity to change of the 
external portions, shows that the agents which brought about chemical changes 
at the core of the crystal flowed freely through its unaltered peripheral portions. 

But some may ask whether the chemical agents referred to may not have 
gained access to the heart of a crystal by a crack. J answer that a crack isa 
coarse and tangible object that looms large under the microscope. A crack in a 
mineral liable to metamorphic action, through which chemical reagents have 
flowed, could not escape detection. The finest crack through a homogeneous 
mineral, such as, for instance, an olivine, can be readily seen, not only by the 
small canal worn by the corrosive action of the chemical agents that flowed 
through it, but by the alteration set up in the mineral along the whole course of 
the canal. 

T havea thin slice from a beautifully fresh olivine contained in one of the lavas 
of Vesuvius collected by myself, A volcanic explosion or other cause, operating 
after the crystallisation of the olivine, produced a very fine crack in the mineral 
through which water, charged with chemical reagents, subsequently flowed. The 
crack, though of microscopic width, is filled with serpentine, and on both 
margins fibrous serpentine has been formed at the expense of the parent olivine, 
and constitutes a fibrous band on both sides of the crack throughout its entire 
length, the direction of the fibres being at right angles to the crack. 

The rest of the olivine is of virgin purity and polarises in the most brilliant 
colours, contrasting strongly with the serpentine. 

In this case it is clear that the chemical reagents, though free to flow along 
the crack, had commenced to extend beyond its walls, encouraged thereto by the 
porosity of the olivine itself. But how different is this case from those in which 
the entrance of the chemical agents had not been facilitated by a crack. In the 
case above described, the chemical changes set up were limited to the borders of 
the crack, and even had they gradually extended in the course of time to the 
whole of the olivine, the original canal by which the chemical reagents had 
gained access to the crystal would have remained to tell its tale, and exhibit 
along its course the banks of iron oxide thrown down by the chemical navvies 
that had excavated it. 

Cracks save time as roads and canals do, but they leave behind them evidence 
of their former existence. In order to understand fuily how rocks and minerals 
are so completely open to the attacks of chemical reagents, which penetrate to and 


1902. QQ 


594 REPORT—1902. 

produce chemical and mineralogical changes at the very hearts of minerals, 
we must fully realise how completely porous rocks and minerals are, to the 
heated liquids which carry these reagents with them in solution. Heat, as betore 
stated. not only increases chemical energy, but destroys more or less completely 
the cohesion between molecules, and increases the amplitude of the vibrations, 
or other motions of the molecules, and consequently facilitates the entrance of 
liquids and gases into the pores of minerals, and their complete permeation by 
these powerful agents of change. Thus far we have been chiefly concerned with 
some of the principles underlying the branch of our subject embraced by the 
term contact-metamorphism, which implies operations conducted at considerable 
depths below the surface of the ground, under conditions of heat and pressure. 

We must now consider very briefly changes produced at or near the surface 
by the agency of water, or, as Bischof in his well-known work termed it, meta- 
morphism in the ‘ wet way.’ 

No hard and fast line, however, can be drawn between the two classes of 
operations, as the one gradually shades by fine gradations into the other. At one 
end of the scale we have high pressure and high temperature, and a fluid igneous 
magma holding water in solution, above a red heat, and giving up heated water 
or vapour charged with salts to the rocks in contact with it. 

Passing to the other end of the scale through diminishing temperatures and 
pressures, we reach a condition in which the water circulating through the rocks 
at ordinary pressure and temperature is more abundant in amount, and holds 
acids and salts in solution, capable of setting up important chemical reactions in 
the rocks and minerals to which it gains access. 

In the case of surface operations, moreover, the metamorphic agents—water, 
acids, salts—are being constantly renewed. Conditions differing as widely as the 
conditions at the extreme ends of our scale do not yield, however, precisely the 
same results. In both metamorphic change goes on with more or less briskness, 
but the products are different. Some minerals require great heat and great 
pressure for their production, and such minerals are never formed by any surface 
process of weathering. For instance, the temperature reached determines 
whether titanium dioxide crystallises as rutile, or in one of its other two forms, 
rutiJe requiring a temperature of over 1000° C., and being the only form of 
titanium dioxide ‘stable at a high temperature.’ 

Temperature also seems to determine whether the silicate of alumina crystal- 
lises as andalusite, kyanite, or sillimanite, the two former being transformed into 
the latter, at a temperature of 1320° C. to 1380° C. 

On the other hand some minerals require little heat for their formation, and 
are readily produced by metamorphic changes in the ‘wet way.’ 

There seems to be some correspondence between the melting point of minerals 
and their density; thus in the case of eleven minerals produced by contact- 
metamorphism, whose average specific gravity ranges from 3:06 to 4:08, I find 
that their melting-point ranges from 954° to above 1770° C., high temperature 
and high pressure (a concomitant of plutonic conditions) appearing to be factors 
in the production of high specific gravity in minerals. 

The genesis of individual species of minerals is a fascinating study, but the 
subject is too large to enter upon here. 

Water gains access to rocks in several ways. It falls as rain; it rises from 

. hidden depths; it leaks from the sea into horizontal beds or into strata dipping 
away from it; and it penetrates throuzh faults and fissures. Rain in its descent 
takes up from the air oxygen, nitrogen, carbonic acid, and in some cases small 
amounts of nitric acid. 

It is thus in itself a powerful solvent and potent agent in producing chemical 
change. 

Th its passage through the surface soil it dissolves humic and other organic 
acids, the products of vegetable decay, which add greatly to its solvent power and 
enable it to break up many silicates and to dissolve even silica. 

By the time the rain-water reaches the solid rocks below the surface soil, it has 
become a very active agent in producing chemical change in them. It is by such 
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agents, persistently applied during long periods of time, that large areas of ultra- 
basic igneous rocks have been altered into serpentine. 

Hot springs are a well-known instance of water rising in considerable quantity 
from plutonic depths. They are known to occur in the plains of India, and are 
especially abundant in the Himalayas. I visited two very interesting ones at 
Suni, in the bed of the Satlej River, west of Simla. These springs rise apparently 
under the very bed of the river, and come to the surface on both banks within a 
yard or two of the rushing water of the Satlej. When I visited the springs they 
had a temperature of 130° F., and contrasted strongly with the cold water of the 
river flowing past them, which had descended from high Himalayan glaciers and 
had a temperature of 49° F. 

The native inhabitants of neighbouring villages told me that the hot springs 
always appear at the very edge of the river, whatever may be the height of its 
waters during drought or flood. This statement is probably true, for I think the 
springs well up from below through the walls of a fault that traverses the bed of 
the Satlej at a high angle to its course, and the springs thus come to the surface 
on both its banks. 

The metamorphic influence of these springs on the rocks in this locality has 
been very powerful. The ancient volcanic rocks there exposed have, for some 
distance up the river, been altered by aqueous agents almost out of recognition. 
The original structural characters of these lavas have been almost com pletely 
broken down and an amorphous substance substituted for the crystals and minerals 
of which they were originally composed. 

This result shows that the crystals and minerals of these old lavas must, for 
all practical purposes, have been completely porous to the aqueous agents brought 
to bear on them. 

The general transmutation of one mineral into another by the action of heated 
water holding mineral agents in solution, aided by heat and pressure, may take 
place in a variety of ways. Some of these processes are simple, but others are 
highly complex. Many are the results of a single operation, others of a series of 
changes, some of which prepare the way for those that follow. 

In some cases the change may be brought about by the removal, in whole or 
in part, of one or more of the essential constituents of a mineral, whereby the 
relative proportions and mutual relations of those that remain are altered, as the 
following examples will show. 

By loss of water limonite passes into hematite, and opal into crystalline 
quartz, Dyscrasite, by loss of antimony, passes into native silver, and pyroxene, 
by the removal of its lime and iron, is changed into tale. Simple oxidation or the 
absorption of oxygen by a mineral is responsible for another class of changes, as in 
the conversion of zinc blende into goslarite, and antimony into valentinite. 

The loss of one or more of the ingredients, concurrently with the introduction 
of one or more new ones, causes many metamorphic changes, as in the conversion 
of marcasite into magnetite, of witherite into barite, and of azurite into malachite. 

The well-known conversion of a peridotite into serpentine is a case in point. 
Here, part of the iron and magnesia is removed from the olivine, and water is 
introduced. A simple process like this, brought about by the percolation of surface 
waters through an igneous rock, is sufficient to transtorm considerable areas of 
rock masses into serpentine, as has been the case in parts of Cornwall. 

Some metamorphic processes are more complex than those alluded to above, 
but Nature has unlimited time at her disposal, and is able to manufacture potent 
chemical reagents as her processes proceed. Tor instance, the sulphides of various 
metals of common occurrence in rocks, most of which, with the exception of those 
of the alkaline metals, are insoluble in water, by taking up oxygen pass into 
sulphates, most of which are soluble in that liquid at the ordinary temperature. 

These sulphates are readily carried away in solution, and become potent factors 
of change in rocks through which water charged with these salts flows. Again, 
carbon dioxide, so abundant in percolating water, decomposes minerals containing 
lime or alkali, and removes them as soluble carbonates to effect powerful chemical 
reactions elsewhere. 
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I must pass over the subjects of paramorphism and pseudo-morphism, as the 
limited time at my disposal does not permit me to enter upon these subjects, 

In the above sketch I have contented myself with a brief discussion of some of 
the leading principles that seem to me to underlie contact action and meta- 
morphism in the wet way, because I venture to think that, if we really understand 
these two divisions of our inquiry, it will be unnecessary on the present -occasion 
to enlarge on other branches of our subject. 

Take, for instance, what is commonly called dynamic metamorphism. The 
main factors in this kind of metamorphism are the folding, crumpling, crushing, 
and shearing of rocks by earth movements, especially during the upheaval of 
mountains. 

But these dynamic forces are potent factors in the development of heat. 

In the case, therefore, of dynamic metamorphism, as in contact metamorphism, 
pressure and heat are the main factors acting in conjunction with the water shut 
up in or circulating through a rock. If we understand how these factors operate 
and produce the results we see in cases of contact metamorphism, we shall not 
fail to understand their action in a case of dynamic metamorphism. 

These observations also apply to regional metamorphism; that is to say, to 
metamorphism produced in rocks at great depth, by being brought within the 
influence of the interior heat of the earth. The action of heat in increasing 
molecular motion and kinetic energy is well understood nowadays, and so long 
as we get heat it seems to me immaterial how heat is generated in rocks subject to 
metamorphic action. 

In the above sketch I have intentionally omitted to enter into the details of 
chemical and mineralogical action that has brought about individual cases of 
metamorphic change. 

Volumes would be required to do justice to so complex a subject, and the 
details would, in an opening Address, be out of place. 

In conclusion I have, I trust, shown how important a part water plays as an 
agent of metamorphism, not only at and near the surface of the earth, but at 
plutonic depths. We have seen that the molten granite of the Satle] Valley, 
which was given as an illustration of a fluid igneous magma, contained a con- 
siderable proportion of water held in solution at considerably above red heat, and 
that the fluidity of the magma was due to its presence. We also saw that the 
great heat to which the magma was raised increased the potential energy of the 
contained water when a relief of pressure opened the way for the intrusion of 
the molten magma into neighbouring rocks. We also saw that this water was 
rendered by heat a powerful solvent, and that it carried with it into the adjoining 
rocks the mineral matter of the granite in solution. We also saw that heat 
increased the porosity of minerals, facilitated the passage of liquids laden with 
mineral matter through their pores, and increased the potency of chemical action. 


The following Papers and Reports were read :— 


1. The Geology of the Country in the Neighbourhood of Belfast. 
By Professor GRENVILLE A. J. Coe, £.G.S. 


Belfast stands between the lava-plateaux of Cainozoic age in Antrim and the 
undulating surface of Silurian rocks in Co. Down. The special interest of the 
district lies in the preservation of Mesozoic rocks, which elsewhere are scarcely 
represented in Ireland. Schists and gneisses in the north-east of Co. Antrim 
possibly represent Archzean masses refolded during the Caledonian earth-move- 
ments. The Caledonian folds gave us the crumpled county of Down, and admitted 
the granite of Newry and Castlewellan along an axis running north-east and 
south-west. Both Ordovician and ‘Upper Silurian’ (or Gotlandian) strata are 
represented in this area. The conglomerate of Cushendun is probably of Old Red 
Sandstone age; but the Carboniferous Limestone, which is so marked a feature of 
Ireland as a whole, plays only a small part in the north-eastern counties, The 
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Carboniferous strata of Ballycastle, west of Fair Head, are mainly sandstones with 
intercalated coal-seams, on the same horizon as the Calciferous Sandstone of the 
South of Scotland. 

A patch of marine Permian strata occurs east of Belfast, at Holywood; and 
the British type of Trias, red rocks with salt and gypsum, is well represented 
under the basalt capping that has preserved it. The Rheetic sea spread into this 
area, and terminated far west against the Londonderry highlands; the Lias also 
began to form, and is now finely exposed at Waterloo, close to Larne. It is 
questionable if higher Jurassic beds than those now left to us were ever laid down 
in this region ; elevation and denudation certainly set in early, and the country 
remained dry land until the middle of Cretaceous times. Then, in the western- 
most extension of the great Chalk sea, the sands, conglomerates, and white lime- 
stone of Antrim were deposited, representing the Upper Cretaceous of England in a 
thickness of about 100 feet. The cliffs of hardened chalk, between red basement- 
beds of Trias and the black basalt scarp above, form, in Glenariff and Murlough 
Bay, one of the most beautiful contrasts in our islands. It is clear that in early 
Eocene times both the counties of Antrim and Down were covered with a rolling 
series of chalk uplands, resembling on a less massive scale our present Salisbury 
Plain. This quiet and newly upheaved country was destined to be devastated by 
volcanic action, more continuous and extensive than had been seen in the British 
Isles since Old Red Sandstone times. 

The ground was first broken by rifts running from south-east to north-west, 
and these were quickly filled by basic lavas. Flow after flow emerged across the 
country, filling up the hollows carved by denudation, and forming in time con- 
tinuous plateaux. Although a few explosive vents were established here and 
there, fluid basalt was the great feature of these eruptions. A time of quiet 
followed, when the lake-deposits and iron ores of Glenarm, Ballypalady, &c., were 
accumulated; and sporadic outbreaks of rhyolite appeared, the most prominent 
being that of Tardree Mountain. Then the basic eruptions were renewed, and 
the columnar basalts of the Causeway coast belong to this second epoch of 
activity. 

Mr. Starkie Gardner has referred these volcanic masses of Northern Ireland to 
early Eocene times, from a study of the plant-remains in the associated lake- 
deposits. Hence we find the marine Cretaceous beds followed by a terrestrial and 
igneous Hocene; and possibly some of the latest vents were active in Oligocene 
times. Thenceforward we know nothing of Irish geological history until the 
glacial epoch, which has left such piles of boulder-clay and gravel across the 
country. The latest feature of interest is the blue marine clay of Belfast and 
Magheramorne, full of exquisitely preserved post-Pliocene fossils. This lies 
unconformably on the glacial drift, and represents a comparatively recent sub- 
mergence and re-elevation. The raised beach of Larne, with flint-chips in it 
prepared by man, indicates the modern date of the movements of elevation. 

When we go south from the immediate neighbourhood of Belfast, the Mourne 
Mountains rise conspicuously, their summits being far more bold than those of 
the adjacent Caledonian granite ridge. They are also formed of granite, which 
cuts across basic masses; the latter are seen at Carlingford to be at any rate post- 
Carboniferous. In turn, a few basic dykes of still later date traverse the granite. 
By its relation to these two basaltic series, and its petrographic identity with the 
Cainozoic granites of Mull and Skye, we need not hesitate to regard the Mourne 
granite as of Eocene age. It forms, then, as Mr. McHenry has pointed out, an 
interesting deep-seated mass for comparison with the rhyolitic lavas of the inter- 
basaltic epoch in Co. Antrim. 

From the above notes, which have no claim to originality, it will perhaps be 
seen how attractive the Belfast area is to geologists, by reason of its very contrast 
with the accepted types of Jurassic, Cretaceous, and Cainozoic deposits, as known 
to us in the London Basin. Those familiar, on the other hand, with the geology 
of the Scottish Isles, will find many interesting points of similarity. 
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2. On the Marine Fauna of the Boulder Clay. 
By Joseru Wricurt, L.G.S. 


The author has examined microscopically 112 samples of boulder clay from 
various places in the British Isles and in Canada: forty-seven of these were from 
lreland, twenty-seven from Ingland and Wales, twenty-two from Scotland, one 
from the Isle of Man, and fourteen from Canada. In seventy-one of the 
3ritish and in nine of tbe Canadian samples foraminifera were found ; the speci- 
mens of the clays had been taken from various altitudes, some few of them trom 
localities over 1,000 feet above the sea. Almost all the forms found are referable 
to species which at present live at moderate depths off our coast, and most of 
them have the fresh appearance of these species. Nonionina depressula is often 
met with in great profusion, fully one half of the entire specimens found being 
referable to this species. One hundred and thirteen species have been found in 
the clays of Ireland, seventy-two iu those of the Isle of Man, sixty-five in Eng- 
land and Wales, forty in Scotland, and fifteen in Canada. 

In thirty-one of the gatherings no foraminifera were met witb, whilst in 
some of the others they were very rare. The absence or the scarcity of specimens 
in some of the samples may be due, in part at least, to the circumstances that it 
was only the first floatings from the clays that were examined, and also that 
these minute organisms are liable at times to be overlooked when the material is 
being examined, To ascertain how far floatings could be relied on for giving 
conclusive results, 1 oz, troy of the boulder clay from Woodburn, near Carrick- 
fergus, was examined with the utmost care. The first floating was found to 
contain 1,400 specimens, the floating process being repeated twenty-five times 
before specimens ceased to come up; upwards of 600 additional specimens were 
thus obtained. What remained of the clay was then examined in detail with 
the microscope, and sixty-seven more specimens were got from it. 

In the boulder clay at Knock Glen, near Belfast, seventy-nine species were 
obtained, many of them being very rare forms, six being only known as recent 
British species from collections on the west coast of Ireland, two of these also 
occurring off the west coast of Scotland. ‘The presence of these microzoa would 
lead us to infer that the clay at this place was probably deposited in deep water, 
when the land stood at a much lower level than at present, and when the marine 


conditions must have been somewhat similar to those now prevailing off the west 
coast of Ireland. 


3. Report on the Exploration of Irish Caves.— See Reports, p. 247. 


4. On the Middle Cambrian Trilobites, &e., of Mount Stephen, 
British Columbia. By Dr. Henry Woopwarp, £28. 


5. Preliminary List of the Minerals occurring in Ireland. 
By Henry J. Srymovr, B.A. 


The following list of minerals, which is only of a preliminary nature, comprises 
all the species which the writer has up to the present satisfied himself undoubt- 
edly occur in Ireland. In compiling it several public and private collections of 
minerals were examined, but a few more have still to be worked over before the 
list can be regarded as including all the species which are to be found in this country. 
It is intended to ultimately publish in the ‘ Proceedings of the Royal Irish Academy’ 
the completed list, together with full details regarding the locality, mode of 
occurrence, and some other points of interest connected with each species. 
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Graphite. Magnetite. Spodumene. Laumonite. 
Sulphur. Cassiterite. Wollastonite. Chabazite. 
Gold. Rutile. Rhodonite. Gmelinite. 
Silver. Octahedrite. Hornblende. Levyne, 
Copper. Brookite. Arfvedsonite. Analcite. 
Stibnite. Pyrolusite. Beryl. Natrolite. 
Molybdenite. Manganite. Iolite. Scolecite. 
Galena. Limonite. Garnet. Mesolite. 
Chalcocite. Bauxite. Olivine. Thomsonite. 
Blende. Psilomelane. Fayalite. Muscovite. 
Pyrrhotite. Calcite. Idocrase. Biotite. 
Bornite. Dolomite. Zircon. Lepidomelane. 
Chalcopyrite, Siderite. Topaz. Serpentine. 
Pyrites. Aragonite. Andalusite. Tale. 
Cobaltite. Smithsonite. Sillimanite. Glauconite. 
Marcasite. Cerussite. Kyanite. Kaolinite. 
Mispickel. Malachite. Gadolinite. Pyrophyllite. 
Tetrahedrite. Azurite. Zoisite. Sphene. 
Geocronite. Orthoclase. Epidote. Apatite. 
Halite. Microcline. Axinite. Pyromorphite. 
Fluor. Anorthoclase. Calamine. Vivianite. 
Quartz. Albite. Tourmaline. Erythrite. 
Tridy mite. Oligoclase. Staurolite. Wavellite. 
Opal. Andesine. Apophyliite. Beudantite. 
Water. Labradorite. Heulandite. Barytes. 
Cuprite. Anorthite. Epistilbite. Anglesite. 
Corundum. Enstatite. Phillipsite. Gypsum, 
Hematite. Hypersthene. Harmotome. Amber. 
Ilmenite. Augite. Stilbite. 


A number of other species (about twenty-two), which have been recorded by 


more or Jess competent authorities, are not inserted in the foregoing list, as there 
appears to be some doubt at present as to their correct determination, and because 
specimens of many of them cannot now be found in any museum or private collec- 
tion. 


6. On the Tusks and Skull of Mastodon angustidens. 
Ly C. W. Anprews, D.Sc. 


7. Report on the Registration of all Type Specimens of British Fossile. 
See Reports, p. 210. 


8. Notes on the Fossils of the Silurian Arca of N.E. Ireland. 
By R. Crarx. 


It would be difficult, after the closest investigation, to add much to the ex- 
haustive list of species given in the excellent paper on this subject which was read 
by Mr. Swanston before the Belfast Naturalists’ Field Club some twenty-five years 
ago. 

In that paper reference is made to the classification by the Geological Survey 
of the rocks of the district, under the general heading of Lower Silurian. 

Subsequent to the publication of the maps of the area the information as to 
the Silurian fauna was greatly extended by the labours of Professor Lapworth and 
Mr. Swanston, to whom science is co largely indebted. The completion of tke 
l-inch geological map of Ireland enabled the revision of work done in the earlier 


* Communicated by permission of the Director of the Geological Survey. 
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stages of the Survey’s existence to be undertaken, and in this revision the N.E. 
Silurians were among the first dealt with. ’ 

The work was proceeded with until not only the N.E. area, but the southern 
Silurian districts also were gone over. A comparison of the old series of maps 
and the revised editions published within the last few years shows that the 
collections made have necessitated very considerable alterations in the original 
mapping. 

Taking Coalpit Bay, Donaghadee, as a starting-point, this prolific though cir- 
cumscribed little area afforded a key to the vast proportion of the Silurian beds, 
which with slight interruption extend southwards to the Atlantic on the Water- 
ford coast; and although in few other localities was the same wealth of fauna of 
different horizons met with, it was interesting to recognise in numerous new 
localities the occurrence of forms which enabled a ready recognition of the exact 
position of the beds, most of which were typically represented in the regular 
sequence of Coalpit Bay. 

In the district covered by Mr. Swanston’s paper it will be sufficient to mention 
a couple of localities new or hitherto unreferred to. First, a section cut through 
by a small stream at Lessan, near Saintfield, ‘1,’ sheet 37, from which a number of 
specimens, indicative of Lower Hartfell (Caradoc) beds, were obtained. Amongst 
other species were the following :— 


Diplograptus foliaceus, Dicellograptus elegans. 
Py mucronatus. oF forchammera, 
” truncatus. os Morrist. 
Chimacograptus scharenbergt, a moffatensis. 
Leptograptus flaccidus. Dicranograptus ramosus. 
Pleurograptus linearis. Corynoides caleularis. 
Glossograptus hinckstt. Stphontreta nucule. 


The second Locality is a small quarry in Holywood Glen, ‘1,’ sheet 29, which 
yielded a number of species characterising this locality as the Glenkiln horizon 
(Upper Llandeilo), Amongst the forms which occur here in easily recognisable 
condition are— 


Cenograptus gracilis. Dicellograptus intortus. 

+ surcularis. oF sextans. 

* pertenuis. x moffatensis, 
Thamnograptus typhus. Dicranograptus ramosus. 


Glossograptus hinckstt. 
Chmacograptus scharenbergi. 
“s bicornis. 


The absence of Rastrites maximus, Dicellograptus anceps, and Pleurograptus 
linearis having been commented on by Messrs. Swanston and Lapworth, it is 
satisfactory to record that these forms I have since found, the first named at Tieve- 
shilly, the second in a pocket of black slate in greenish mudstone at Coalpit Bay, 
whilst Plewrograptus linearis was collected from the locality at Lessan, previously 
referred to, 

A unique specimen from the Lower Birkhill (Llandovery) beds of Coalpit Bay 
claims attention. It has been identified by Mr. E. T. Newton as Berwyniacaru- 
therst, a lycopodiaceous plant first described by Professor Hicks as occurring at 
cite y Glog Slate Quarry, North Wales. It has not hitherto been recognised in 

reland., 

Passing from what may be styled the Belfast immediate area towards the 
south and south-west, some ten additional fossiliferous localities were added to 
those already recorded from the district comprised within ‘1,’ sheet 48. They 
were with one exception all indicative of the Middle or Lower Birkhill horizons, 
and save from one locality, Lough Erne, on the N.E. margin, which yielded eight 
species of Graptolitidee, the specimens obtained were not well preserved. 


© Quart. Jour. Geol. Soc,, vol. Xxxviii. p. 97. 
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The Armagh district, ‘1,’ sheet 47, afforded good and interesting collecting 
grounds, though no fossils from the Silurian beds appear to have been previously 
recorded. A close examination disclosed numerous localities in both upper and 
lower strata, ranging from Lower Llandovery to Upper Llandeilo, this latter zone 
being well represented a little north of Poyntzpass by the occurrence of— 


Dicellograptus moffatensis. Cenograptus gracilis. 
ce sevtans. Climacograptus scharenbergi. 
. forchameri. Stphontreta micule. 
Didymograptus superstes. 
Dicranograptus xiczac. 
Diplograptus bimucronatus. 


These forms were found in the black carbonaceous cherty band generally asso- 
ciated with this particular horizon. 

‘1,’ sheet 69, afforded substantial additions to the list already published there- 
from, Graptolites were procured from some twelve additional localities, and 
from many of these the specimens were obtained in excellent preservation ; in this 
respect those from Killyrue, four miles 8.E. of Cootehill, are specially worthy of 
mention. 

The known localities for Silurian fossils on ‘1,’ sheet 80, have been much 
increased, and good specimens obtained of Lower Caradoc and Llandovery species. 
Of the former Diplograptus foliaceus, Dicellograptus, and Pleuroyraptus were 
indicated, whilst the higher zone is distinguished by such as Monograptus convolutus 
and Monograptus tenuis, as also Diplograptus foliaceus or palmeus, which is some- 
what rare outside Coalpit Bay district. 

The fossils of the Silurian rocks of ‘1,’ sheet 81, are dealt with rather fully in 
the memoirs of that and the adjoining sheet 91. In the latter the beautiful dis- 
trict of Slane afforded a rich harvest of forms ranging from Llandeilo to Wenlock. 

Sheet 82 has been hitherto regarded as a barren area so far as fossils were con- 
cerned. However, a close search disclosed at a couple of localities near Clogher 
Head the existence of the zone of Monograptus exiguus on top of Upper Llan- 
dovery, and in addition to M. eatguus beautifully preserved specimens of Mono- 
graptus attenuatus, Crispus, proteus and lobiferus were procured. At no other 
locality save Tieveshilly was the same peculiar group observed. 

Having now reached the banks of the Boyne the north-eastern area may be 
considered as ended. Not so the Silurian beds and their fossils, which proved 
equally interesting and varied when traversed from the Boyne valley southwards 
to the coast of Wexford and Waterford, 


9. Note on the Ocewrrence of Bagshot Beds at Combe Pyne, near Lyme Regis. 
By Horace B, Woopwarp, F.2.S. 


» Inthe Summary of Progress of the Geological Survey for 1900, p. 122, Mr. 

Clement Reid remarked, ‘it is probable that a chain of outliers of the Bagshot 

ey srevels will connect the Eocene of Dorset with that of Bovey Tracey in 
evon. 

The cuttings on the new railway between Axminster and Lyme Regis haye 
since displayed, in the neighbourhood of Combe Pyne Hill, at an elevation of about 
400 feet, beds of fine white sand, white pipe-clay, and white, red, and mottled 
stony clays, with much rough flint and chert gravel. These beds have in places a 
marked inclination towards the east, due probably to original deposition, and in all 
respects they bear a close resemblance to the white and coloured clays and sands, 
and the coarse gravels, which border the Bovey basin at Wolborough and other 
places near Newton Abbot. They rest on a platform of Upper Greensand. 

The beds at Wolborough I some years ago regarded as equivalent to the ‘ plateau 
drifts’ of Haldon, but Mr. Reid has recently brought forward evidence to show 


’ Communicated by permission of the Director of the Geological Survey. 


602 REPORT—1902. 


that both are for the most part of Bagshot age, with the exception only of the 
deposits that have been rearranged in later times. There is, therefore, good reason 
for referring to the Bagshot series the beds at Combe Pyne, which are evidently 
mm situ, and which possess so many of the features characteristic of that formation. 


FRIDAY, SEPTEMBER 12. 
The following Papers and Report were read :— 


1. On the Viscous Fusion of Rock-forming Minerals. By J. Jory, FRS. 


In a paper read at the Congrés Géologique International of 1900, and in 
a short note communicated to the British Association Meeting at Bradford, 1900, 
experiments on the viscous fusion of some rock-forming minerals are described by 
the author. It appeared that under the influence of prolonged exposure to high 
temperatures, rounding and other signs of fusion (a breakdown of stability as 
a solid) could be obtained at much lower temperatures than have hitherto been 
assigned as the melting-points. This lowering of the melting-point under pro- 
longed heating (four hours) is more marked generally in the case of minerals con- 
taining a large percentage of silica and most marked in the case of quartz. On 
this account the order of the melting-points is in general different under conditions 
of prolonged heating than under conditions of short exposure. 

The former results, as regards melting under conditions of short exposure 
(results required for comparison with those obtained under conditions of long 
exposure) were not quite satisfactory (as at the time the author pointed out) in 
so far that the observations were not effected in the same manner as those under 
conditions of prolonged exposure. This defect in the observation has now been 
removed, One-minute exposures have been made of all the minerals previously 
dealt with on exposures of four hours, aud the results confirm the former con- 
clusions but reveal a decreased difference in the two melting-points; in other 
words, the short-exposure melting-points being below previous results, the 
depression of melting-point upon prolonged exposure is less than formerly deduced. 
The depression, however, increases generally with the silica-content of the mineral, 
as previously observed. 


2. Lhe Drift Map of the Dublin Area. By J.J. H. Tears, PRS, 


3. Note on the Volcanic Rocks of Glencoe, and their Relation to the Granite 
of Ben Cruachan. By Herpert Kynaston. 


The mountainous district about Glencoe is known to be occupied by a large 
area of volcanic rocks, These are described briefly in the present communication, 
together with a small patch in the north-east part of the Blackmount Forest. 
Some account is also given of the behaviour and order of succession of the rocks, 
which are shown to closely resemble the phenomena observed in the Lower Old 
Red sandstone volcanic series of Lorne. The base of the series is well seen near 
the western end of Glencoe, where it rests upon an inclined surface of the older 
rocks, the slope of the older surface of deposition being to the east. The lower 
part of the series consists of about 1,500 teet of basic andesites, identical in charac- 
ter with those of Lorne. On the north side of the glen, above Loch Triochatan, 
conglomerates, sandstones, and shales occur below these andesites, and occasional 
thin intercalations of shales are found at higher horizons. Resting upon the basic 
andesites are rhyolitic Javas, followed by agglomerates and breccias, which are 
capped by about 700 feet of hornblende-andesites. 


* Particulars of the sections are given in the Summary of Progress of the Geo- 
logical Survey for 1901, pp. 53-59 (1902). 
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The series has in Glencoe a general south-easterly dip, and the higher beds 
gradually overlap on to the older schists towards the eastern portion of the area. 
Thus, in the Blackmount the rhyolites rest immediately upon the schists, the 
surface of the older rocks being remarkably steep. During the author’s recent 
work for the Geological Survey the age of these volcanic rocks has been definitely 
settled by the discovery of Lower Old Red plant remains in a bed of black shale 
at the base of the east face of the Buachaille Etive Mor. In this bed Messrs. 
Peach and Tait found specimens of Psilophyton and Pachytheca in June last. The 
associated lavas are therefore of the same age as those of Lorne. 

In the Blackmount the volcanic rocks are cut and metamorphosed by the 
granite of the Clach Leathad, which is a continuation of that of Ben Cruachan to 
the south-west, and of that of the Moor of Rannoch to the north-east. Again, a 
large mass of granite, of Ben Cruachan type, is intrusive in the basic andesites on 
the south side of Glencoe, near Clachaig. Thus, these granite masses are of later 
date than the volcanic period of Lower Old Red Sandstone times. It should be 
mentioned in this connection that in the basement conglomerates on the north side 
of Glencoe well rounded boulders of hornblende-granite and diorite oceur, and 
granite blocks have also been found in the breccias near Kingshouse. It is not 
possible, however, that these boulders could have been derived from the granitic 
masses now exposed in the same neighbourhood, as these have been conclusively 
shown to be of later age than the volcanic series. 

The final phase of the igneous activity of the district was marked by the forma- 
tion of numerous dykes of porphyrite and quartz-porphyry, which are seen to cut 
both the granites and the lavas. 


4. Notes on the New Geological Map of Victoria. By JAMES SvirRLING. 


5. On the Original Form of Sedimentary Deposits. 
By Rev. J. F. Brake, IA., FG. 


In determining the position and outline of ancient continents by observing the 
direction in which the sediment derived from them thickens or thins, and in 
interpreting the significance of the contours of the sea-bettom, it is necessary to 
consider what will be the actual shape as a whole of any sedimentary deposit of 
single origin in relation to the land whence it is derived. 

It has been assumed by several authors, both of text-bools and of special 
menioirs, that sedimentary deposits are thickest near their source of origin, and 
that limestones are deposited at great distances from the shore. The author gives 
reasons for taking a somewhat different view. ‘The action of tides and currents 
is considered as a subsequent operation; the original form of the deposit would 
be that which would result from a river carrying detritus directly outwards 
into a tideless sea. The coarse material which is pushed along the bottom of a 
river fills up the angle between the lowest level the river reaches and the con- 
stantly deepening bottom of the sea, and the deposit is consequently wedge-shape 
towards the land and sharply sloping seawards, like the tip of a railway embank- 
ment. The detritus which floats consists of all that has too low a power of sinking to 
overcome the velocity of the stream, and only begins to sink on the retardation of 
that velocity. ‘The detritus with any particular rate of sinking will thus descend 
faster and also be crowded into a narrower area at a distance from the shore, and 

so form a thicker deposit there, where alone there ispermanently room for it. This 
‘result will be modified by (1) the expansion laterally of the retarded stream, 
(2) the evaporation of the surface-water, (3) the mixture with sea-water, (4) the 
superposition of various maxima at different distances from shore, (5) the redistri- 
bution by tides and currents. 
During the continuance of constant physical conditions the seaward boundary 
of river-brought deposits will thus be a marked line—the ‘mud-line’ of Dr. Murray— 
at various depths, according to circumstances. At this line there is a rapid change 
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of slope. This has been called an escarpment, and the edge of the continental 
plateau, but it is suggested that it is really the limit of terrigenous deposits in 
bulk. 

The lateral expansion of the stream divides it into two spirals on the two sides 
of the axis and separated by it. Along this axis the deposit will be carried 
farther to sea than on the two sides. This will cause an apparent depression of 
the sea-bottom opposite the mouths of direct rivers. These depressions have been 
taken to be submerged river-channels, but they are the natural result of the form 
of the deposit, except in special cases—of which the Congo may be one. Such 
depressions may be seen indicated on charts of the sea opposite suitable rivers, 
as on the west coast of Spain and India, and on the east coast of America. 

Original organically formed limestones require not only water free from 
sediment, which may be found between the openings of large rivers, but an abun- 
dant supply of the organisms producing them. It is seen from the results of the 
‘Challenger’ expedition that 60 per cent. of the species of such animals, and 
probably a higher one of the specimens, inhabit the first 100 fathoms, and another 
20 per cent. the next 100 fathoms. Limestones are therefore most likely to form 
narrow lenticies with the long axis parallel to the shore, as in the case of barrier 
reefs; and when we find them giving place to shales, it is not because we are 
approaching a shore-line, but because in going parallel to the shore-line we are 
approaching a source of sediment. 


6. Fossils from Cretaceous Strata in the Salt Range of India. 
By Professor H. G. Sretuy, /.A.S., V.P.GS. 


Hitherto there has been no evidence of cretaceous strata in the Salt Range of 
the North of India. But Mr. Ernest G. Fraser, formerly of the Punjab Civil 
Service, has found many species of the type or age of the Upper Greensand. In 
1893 he crossed the Salt Range and made a collection, placed in my hands, in 
which are the usual Primary, Secondary, and Tertiary types indicated by Mr. 
Wynne. But in addition are typical Cretaceous species in limestone. Among 
the more abundant are Spondylus costulatus (Stol), Spondylus calcaratus (Forbes), 
Hinnites andoorensis, and Lucina arcotina. The specimens are in good preserva- 
tion, and weathered out from the rock. They are trom the shoulder of Sekasar. 
Mr. Fraser did not draw a section; but the fossils which are deposited in the 
Royal Indian Engineering College show that the section must have been similar to 
those given by Mr. A. B. Wynne, except that Mr. Fraser had the good fortune 
to find Cretaceous fossils below the Tertiary strata. This northward extension 
of the fossils suggests that the Indian Cretaceous sea may possibly have been con- 
tinuous with that of Central Asia, though the beds described by Dr. F. Schmidt 
in Siberia have fossils of a Gault type which has not yet been recognised in the 
Salt Range of India. 


7. Investigations into the Glacial Drifts of the North-east of Ireland, 
conducted by the Belfast Naturalists’ Field Club. By Madame 
CHRISTEN, 


8. On the Brockrams of the Vale of Eden and the Evidence they afford of 
an unter-Permian Movement of the Pennine Faults. By Prreoy F. 
KENDALL, J.G.S. 


The author has been engaged during occasional visits to the Vale of Eden in 
the study of the well-known Brockram conglomerates, which form so conspicuous 
an element in the Poikilitic series of the district. Tentative results obtained five 
or six years ago have been fully confirmed by later observations, and though the 
investigation is not quite complete, the author regards the present occasion as an 
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opportune one for presenting a preliminary statement of views which have already 
obtained some currency by annual demonstrations in the field to scientific societies 
of the North of England. 

The stratigraphical relations of the Brockrams can be well studied in the 
almost continuous sections which are exposed between Hoff Beck, two miles west 
of Appleby, and Brackenber Common, three miles east of the town. The beds 
op to north-east at about twenty degrees, and the succession here exposed is as 

ollows :— 


St, Bees Sandstone (Trias) :— 


6. Shales and Sandstones. 
[ Hilton Plant Beds. 
4, Magnesium Limestones. 
43, Upper Brockram, interbedded with and overlain by Penrith Sandstone. 
2, Penrith Sandstone. 
1. Lower Brockram. 
Carboniferous rocks. 


PERMIAN. 


The Lower Brockram forms a bold escarpment near Hoff Beck, and the nature 
of its constituents can conveniently be studied in great clean faces of quarries as 
well as in the natural exposures. In the course of a careful examination of the 
pebbles it was found that all the pebbles, except some twenty or thirty at most, 
consisted of Carboniferous limestone or chert, the former well rounded and fre- 
quently very fossiliferous. Saccamina Carteri was found in one. The stones 
ranged in size up to nearly 1 foot in diameter. 

The few excepticns mentioned above were hematite, sandstone, and ten or 
twelve small pebbles of vein quartz such as might be found in the Millstone Grit, the 
Basement Carboniferous conglomerate, or, more remotely, as veins in the Skiddaw 
Slates. Recurrences of the same bed presenting the same characters as regards 
the nature and source of the pebbles are seen on the west bank of the Eden below 
Appleby, on Gallows Hill, and at Hungriggs Quarry, east of Appleby. At the 
last two localities the pebbles have been very extensively dolomitised subsequently 
to deposition, for they have in many cases been reduced to a mere shell, 
usually lined with crystals of dolomite. 

The same aspect of the Lower Brockram is presented in the exposures at 
Stenkreth (Kirkby Stephen), and to the northward of Hungriggs in several quarries. 
It can be seen from these facts that for a distance of ten or twelve miles along the 
strike, and for over two miles on the dip, the character of the pebbles in the 
Lower Brockram undergoes no change. 

The Penrith Sandstone about Appleby attains to a thickness of prolably a 
thousand feet, but no exact estimate is possible owing to the occurrence of a large 
number of faults of unknown throw. 

Near its upper boundary numerous intercalations of the Upper Brockram 
conglomerate occur, especially in the section in Hilton Beck. 

The Upper Brockram in this section consists of a rather friable conglomerate 
in beds of 1 foot or 2 feet in thickness parted by beds of sandstone from a few 
inches up to 30 or 40 feet thick. The constituent pebbles are partly of 
Carboniferous limestone, very soft and much dolomitised, but other elements 
frequently preponderate: these are well-rounded pebbles of vein quartz, angular 
pebbles and blocks of quartzite, fragments of conglomerate containing vein quartz 
in a quartzite matrix, and finally, pebbles of rhyolite. At other exposures to the 
northward, e.g., at Flakebridge, the same characters recur. 

The source of the different pebbles may now be considered. The limestones 
are, of course, from the lower part of the Carboniferous series. They present 
no peculiar features; the pebbles of vein quartz are clearly derived from the 
numerous quartz veins in the Skiddaw Slate of the Cross Fell inlier, but their 
thoroughly rounded condition shows that they must have come at an intermediate 
stage through some pree-Permian conglomerate. This conclusion is confirmed by 
the occurrence of fragments of conglomerate containing such pebbles, which is 
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recognisable as the very characteristic Basement Carboniferous conglomerate of 
the Cross Fell Range. 

The angular blocks of quartzite can be matched precisely by the rocks which 
succeed the Basement conglomerate of Roman Fell. The author at one time 
regarded the rhyolites as indisputable evidence of the exposure of the Borrowdale 
rocks of the Cross Fell inlier, and denudation during Permian times ; but, while this 
still seems to be the most probable explanation of their presence in the Upper 
Brockram, it is possible that they could have been derived from the Carboniferous 
Basement conglomerate, in which at Swindale Beck a few such pebbles occur. 

Setting aside the rhyolite pebbles, there is still a body of evidence which 
seems to warrant deductions of very great interest, The facts to be explained 
are the occurrence in the Lower Brockram of a practically pure gathering of 
Carboniferous limestone, while the Upper Brockram contains a very high percen- 
tage of rocks from the very base of the Carboniferous series. They might be explained 
on the supposition of derivation from opposite sides of the Vale of Eden, the Lower 
Brockram being supposed to come from the Carboniferous limestone outcrop 
towards Orton, while the Upper Brockram was derived from the Pennine Range. 
This view has little to commend it. If the Carboniferous basement conglomerate 
were exposed to denudation during the deposition of the Upper Brockram, then 
the Carboniferous limestone must have formed a bold escarpment at the same time ; 
and, that being granted, it is highly improbable that it failed to yield the materials 
of the Lower Brockram, which at Hungriggs is less than three miles from the 
outer Pennine Fault which exposed a series of Carboniferous rocks in Permian 
times. Upon the alternative and, as it seems, preferable hypothesis that the 
materials of the two Brockrams were all derived from the Pennine Chain, an inter- 
Permian movement of the faults which throw up the Cross Fell Range and the 
well-known inlier seems necessary. 

Professor Lapworth has pointed out that when an anticlinal fold is exposed to 
denudation the derivative beds will consist of the same materials as those of the 
anticline, but in reverse order; the uppermost beds of the anticline will yield 
pebbles of the lowest of the derivative beds, while the core of the anticline will be 
represented only in the highest of the derivative beds. 

This principle may be illustrated by the Tertiary beds of the south-east of 
England. The Lower Eocene conglomerates contain only flint pebbles from the 
chalk, while the high-level gravels which rest on the Bagshot series contain, 
besides flint, many pebbles derived from the Lower Greensand. 

Where, however, the exposure is by a fault scarp, the whole of the beds 
exposed in the scarp will contribute to the first formed derivative conglomerates. 
The absence of detritus of the basement beds of the Carboniferous from the Lower 
Brockram shows that the basement beds were not exposed in early Permian times, 
but a movement of the fault exceeding the thickness of the Penrith Sandstone 
brought the lowest members of the Carboniferous series above the surface at the 
time of the deposition of the Upper Brockram. 


9. Report on the Erratic Blocks of the British Isles.—See Reports, p. 252. 


10. The Conditions wnder which Manganese Dioxide has been Deposited 
im Sedimentary Rocks, as illustrated by the Elgin Sandstones. By 
WixiiaAM Mackig, J7.4., MD. 


Manganese dioxide has been observed to occur in the Elgin sandstones under 
the following conditions :—(1) In ovoid or rounded spots, from } inch to 6 inches in 
diameter, known to the quarrymen as ‘ vegetations, at Newton Quarry, in U.O.R. 
rocks. From analyses MnO, varies from *180 per cent. to ‘262 per cent. (2) In 
small nodules, about 3 inch in diameter, in Triassic rocks, S.E. of Cuttishillock, 
MnO, = 12°87 per cent. (3) In punctiform spots around decomposing felspars in 
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sandstone of the Rosebrae division, U.O.R. sandstones = +0715 per cent. of MnO,. 
(4) In small spots or lining minute cavities, and evidently following carbonate of 
lime, in Triassic rocks at Spynie and Lossiemouth, MnO, =-035 per cent. (5) In 
veins or lining joints, occasionally parallel to and some distance back from the 
joint-plane. An example from Bishopmill, U.O.R., gave MnO, 1:27 per cent. + MnO 
‘27 per cent. (6) Along the upper surface and occasionally irregularly diffused 
through the interbedded clayey bands of the Rosebrae division. (7) Uniformly 
diffused through the sandstone in the same way as the much more frequently 
occurring ferric hydroxide. Seen at Newton, Millstone, and Cloves quarries in the 
U.O.R. (8) In some organic remains in the same formation a scute of Bothrio- 
lepis major gave MnO 2:38 per cent., of Psammosteus taylori ‘83 per cent. (9) 
As a brown or blackish staining on the casts of organic remains. (10) As illustra- 
tive examples are cited fragments of cherty limestone in the local boulder clays, 
with their interstices filled with MnO,, the carbonate of lime having been totally 
removed, and a specimen of ‘ black’ sand from under boulder clay on the Banffshire 
coast, MnO, 6°58 per cent. + MnO °48 per cent. 

Experiments made by allowing a dilute solution of manganese sulphate—thirty 
grains to the gallon—to drip slowly on various rocks and sandstones, showed that 
common chalk and sandstone containing carbonate of lime were darkened in colour 
within twelve hours. Sandstones without carbonate of lime were not darkened. 
If the specimens were first moistened with dilute ammonia, caustic soda or potash, 
or the carbonated alkalies, darkening to a degree took place very rapidly. Free 
ammonia was found to exist in every specimen of annsecns from the area ex- 
amined, and to be particularly plentiful in Nesvton sandstone. An acid reaction 
was obtained in some of the ‘ black’ spots at Newton, due, it was believed, to the 
oxidation of sulphur, which was also present. Cthers gave a marked alkaline 
reaction. The presence of ammonium chloride was also demonstrated in a number 
of the sandstone specimens. In the presence of ammonia and ammonium chloride, 
manganese is only precipitated after it is peroxidised, but peroxidisation is rapidly 
effected in the presence of free ammonia or other free alkali. Though the solu- 
tion of ammonia and ammonium chloride in the sandstones is no doubt very dilute, 
it is probably, as compared with the solution of manganese in the infiltrating 
water, relatively strong. 

Presuming the access of oxygen—which may be taken for granted in the case 
of porous rocks like sandstones—the explanation of the precipitation of manganese 
dioxide simply resolves itself into accounting for a preponderance of alkalinity at 
the special points of precipitation of that substance. Analyses show that the 
manganese areas contain excess of lime, magnesia, and alkalies, compared with what 
obtams in the surrounding sandstones. This may have been a cause of increased 
alkalinity, and hence of the precipitation of the manganese dioxide. On the other 
hand, it may simply be a concomitant of the precipitation, and due to the same 
cause. The alkalinity in some of the manifestations enumerated has undoubtedly 
been due to carbonate of lime (1), (2), (4), (8), (9); to the ammonia arising 
from the decomposition of organic remains (1), (8), (9); to the presence of carbo- 
nated alkalies (3), (5), (6), (7); and to free ammonia of the sandstone water after 
the total precipitation of the ferric hydroxide in a higher zone of the sandstones (7), 
The conditions that are necessary for the precipitation of manganese dioxide are 
the presence of alkali or alkaline substance in excess, soluble manganese com- 
pounds in transit, and facility for oxygenation. 

There is nothing particularly unique in the precipitation of manganese dioxide. 
It is simply an extension or continuation of the same action as determines the 
precipitation of ferric hydroxide, and a general separation is effected between the 
two substances by the fact that the iron compounds fall out before the manganese 
as the infiltrating water containing them encounters further and further supplies of 
alkali. The general distribution of the two substances in the Elgin sandstones 
illustrates this natural method of separation, the rocks impregnated with secondary 
infiltration of ferric hydroxide in a general way occurring in a zone overlying 
those impregnated with manganese dioxide. 

_ In the author's opinion the manganese nodules of the deep-sea deposits owe 
their origin to the operation of the same or similar causes, 
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As a general summary it may be stated that the principles involved in 
Weldon’s process for the recovery of manganese were long anticipated and had 
long been in operation in Nature’s processes before Weldon’s day. 


11, The so-called ‘ Fossil’ Water of Sedimentary Strata, as illustrated by 
the Sandstones of the Moray Firth Basin. By Witu1AM MackiE, J7,4., 
M.D. 


A series of determinations of the soluble chlorides and sulphates locked up in 
the interstices of the Elgin sandstones was made to test the thesis that from such 
an examination it is possible to determine the character, as to freshness or salinity, 
of the waters of the basin of deposit of a series of sedimentary rocks. 

In the present case, though some interesting side issues were no doubt made 
manifest, the results as regards the main issue were found to be entirely negative. 
Tn all, thirty-eight determinations were made: seven in L.O.R. rocks, seventeen 
in U.O.R., six in Triassic, one in Jurassic, and for the purposes of illustration seven 
in recent deposits. ‘The averages obtained were :— 

Cl per cent, SO, per cent, 


L.O.R. : : : - ‘0101 ‘0180 
U.O.R. * ‘ - - . ‘OOT7 ‘0064 
Triassic Fy . 3 ‘ - *0050 ‘0051 
Jurassic . - ; ‘ « 0037 ‘0113 
Recent ‘ ; " ‘ “0049 0042 


Average over all—Cl, ‘0063 per cent. ; SO,, ‘009 per cent. 


Some interest attaches to these averages in relation to the question of the 
saltiness of the sea. They show at least that a fairly large proportion of that 
saltness may reasonably be referred to the washing-out in past times of the chlorides 
and sulphates from sedimentary rocks. 

The increase shown by these averages from the younger to the older formations 
—or, to put it otherwise, from the overlying to the underlying rocks—may be 
ascribed to the washing-in of the soluble salts from the surface and concentration 
in the depths; but doubt may be expressed if that covers the whole case. 

Remarkable variations were obtained in specimens of the same sandstone even 
when collected in the same quarry. These variations were in some cases sO ex- 
treme as to preclude any general conclusion as to the character of the waters of 
the basin of deposit. It was also found that the percolation of rain-water may 
reduce the chlorides to ‘0005 per cent. or less, and the sulphates to a like quantity, 
or even to entire absence. Water passing down joints and fissures, it was also 
found, tends to wash back the soluble salts and concentrate them at some distance 
back from the fissures. Chlorides, and less frequently the sulphates, were found 
to increase in rocks secondarily stained with ferric hydroxide, and also in the 
manganese areas referred to in the author’s paper. It has been shown else- 
where that traces of the heavy metals are disseminated through the Elgin sand- 
stones generally, and also tend to increase in relative proportion in the manganese 
areas. Increases in lime, magnesia, and alkali have also been demonstrated as 
obtaining in the same areas. From the intimate relationship of all these sub- 
stances it is inferred, with some degree of certainty, that they formed part of the 
same geveral infiltration. If so, it must also be inferred at the same time that the 
original ‘ fossil’ water of these sandstones must have long ago been washed out, or 
at least seriously masked in the precess. Generally it may be said that such 
washing-out of the original ‘fossil’ water may have taken place anywhere, and 
that the results of subsequent infiltrations may have themselves been replaced again 
and again by other infiltrations, and so on. The inference therefore, that the 
soluble salts of a series of deposits represent the salts of the original waters of the 
basin of deposit must in the majority of instances be a very uncertain one, if indeed 
any degree of certainty can be claimed for such an inference under any circum- 
stances. 
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MONDAY, SEPTEMBER 15. 
The following Papers were read :— 


1. On the Structure of Ireland. 
By Professor GRENVILLE A. J. Coz, /.G.S. 


The more prominent phases of the geological history of Ireland were pointed 
out, mainly as an explanation of the existing scenic features of the country. 
Probably very little remains in Ireland of the old Huronian continent, unless 
portions of it have appeared again in the cores of Caledonian folds. The stratified but 
metamorphosed ‘ Dalradians’ of the west may be Cambrian, or older; and gneiss 
is included in the granite of Eastern Tyrone, the latter being probably of Cale- 
donian age. The gneiss of the ancient moorland between Omagh and Cookstown 
is, moreover, very probably pre-Cambrian. The Silurian sea must have covered all 
the Irish area; and the subsequent Caledonian folding, with its axes runuing north- 
east and south-west, marked out the first distinct lines of the existing country. The 
arches became filled with molten rock as they rose, and denudation has again and 
again exposed in them a core of granite. To this folding we owe the guiding lines of 
Donegal, Sligo, and Mayo; the axis of Newry, which reaches from the sea—and, 
indeed, from Scotland—down into the midland counties; and, above all, the long 
mass of the Leinster Chain, the most important feature of South-eastern Treland. 
The granites weather into round-backed moorlands ; the schistose foothills give rise 
to picturesque ridges and ravines upon their flanks. In the Dublin area, between 
the foothills and the sea, quartzites and slates, usually regarded as Cambrian, have 
added the prominent features of Howth, Bray Head, and the two Sugarloaves to 
an already diversified landscape. 

The Old Red sandstone lakes spread across the hollows of the Caledonian 
continent, to be succeeded by the inflow of the Carboniferous sea. The Lower 
Carboniferous beach-deposits are now found on the summits of west Irish 
mountains, and very little of the country can have escaped submergence. The 
Hercynian folding produced the second series of structural lines, assisted by the 
varying resistance of the Old Red sandstone and the Carboniferous limestone to 
denudation. The east-and-west anticlinal ridges, from the Atlantic to the Irish 
Channel, with intervening valleys, where the limestone is protected in the 
synclinals, repeat on a bold scale the structure of South Wales and Belgium. The 
folds swung round in the neighbourhood of the pre-existing Leinster Chain; and 
the axis of the Kilkenny coalfield, where the coal measures remain on a high 
synclinal, runs north-east and south-west, like its Caledonian neighbour on the east. 
The great limestone plain itself is probably to be looked on as a vast shallow 
synclinal of the same epoch, into which, in later periods, the Caledonian and 
Hercynian ridges poured down their detritus. 

Marine Permian beds occur near Stewartstown, south-west of Lough Neagh, 
and also in the north of Co. Down. The terrestrial conditions of the British 
Trias were continued into the Irish area, but the remaining beds of this period 
all lie north of Dublin, and mostly owe their preservation to the capping of 
Cainozoic basalt. The Rheetic sea penetrated as far west as the Caledonian hills 
of Londonderry, and marine conditions continued during early Liassic times. An 
uplift then probably occurred, and the sea did not return till the middle of the 
Cretaceous period. The ‘White Limestone,’ which forms so distinctive a feature 
ef the Antrim coast, represents the English Chalk. 

The great feature of the north is, however, due to volcanic eruptions of Eocene 
age. Owing to the immense outpouring of basalt across the uplifted Cretaceous 
and earlier strata, the counties of Antrim and Londonderry include high igneous 
plateaux, cut by deep valleys in which the underlying rocks are seen. The land- 
scapes close around Belfast reveal the structure of the country in perfection. In 
the west of Ireland dykes of basalt, running characteristically north-west and 
south-east, are so frequent as to show that the plateaux once prevailed from Down 
to the Atlantic coast. Sporadic eruptions occurred even in the Galway area, and 
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basalt fragments prevail on the sea-floor between Ireland and Rockall. The 
granite of the Mourne Mountains was intruded in the same period of unrest, and 
the pinnacles and rocky walls of the group are a sign of youth when compared 
with the older granite areas in Ireland. 

The existing surface of northern Ireland was determined by the falling-in and 
dislocation of the volcanic country that once spread northward to the Faroe Isles. 
Lough Neagh thus lies in a shallow basin formed during this epoch of subsidence 
and decay. ‘The long sea-inlets of the north and west, including Belfast Lough 
and the ‘rias’ and ‘fjords’ of Connemara and Kerry, originated about the same 
time ; but Ireland, now cut off from the lost continent on the north-west, became 
joined on to the growing continent of Cainozoic Europe. The spread of ice in 
glacial times is marked by numerous hills of gravel and eskers, especially in 
the central plain, where they form green ridges rising from the bogland and the 
prairie. The oscillations of level that occurred between the glacial epoch and the 
present day finally left Ireland cut off from Scotland, Wales, and England, with 
which her fundamental geological structure so obviously connects her. It is inter- 
esting to note that the most prominent features of her landscapes at the present. 
day depend on structures impressed upon the area far back in Paleozoic times. 


2. On the Fossil Fishes of the Lower Devonian Roofing-slate of Gemiinden 
in Germany. By R. H. Traquair, W.D., F.R.S. 


The fossils of the Lower Devonian beds, known as the Hunsriick Slates in 
western Germany, are marine in character, and mainly represented by starfishes, 
crinoids, trilobites, cephalopods, and bivalve shells, corals and brachiopods being 
rare, while at one locality, namely, Gemiinden, beautifully preserved fish-remains 
occur. These fossils are all pyritised, and consequently microscopic examination 
is impossible. The fishes chietly belong to Drepanaspis gemiindenensis of Schliiter, 
a singular ostracoderm fish with a mailed body, a scaly tail, and heterocercal tail- 
fin, but no limbs, no teeth, and no true jaws. It is allied to the Pteraspide. The 
author next showed photographs of a new and remarkable fish to which, he gave 
the name of Gemiindina stiirtzi, the affinities of which were doubtful, though on 
the whole pointing in the direction of the Selachii, or sharks and rays. It had 
expanded pectoral fins like a ray, a pointed tail, a vertebral column with ring-like 
centra, while the skin was covered with ossifications, passing on the tail into 
longitudinal rows of scutes. A new species of Coccosteus (C. angustus, Traq.), 
characterised by the narrow contour of the ventral cuirass, was next described. 
This is the first record of Coccosteuws in the Lower Devonian strata of Europe. 
The fourth form shown belonged to the genus Phlyctenaspis, characteristic of 
the Lower Devonian rocks of Herefordshire and of Canada, and was represented 
by a portion of the head of a new species, Ph. germanica, Traq. The last of these 
fish-remains treated of in the present paper was an interesting vertebral column, 
to which, however, the author did not deem it advisable to affix a name in the 
meantime. 


3. On the Prolongation of the Highland Border Rock into Co. Tyrone. 
By G. Barrow. 


The author gives a brief account of the rocks, Jasper and Green Rock Series, 
oceurring along the southern margins of the Highlands in Kincardineshire. He 
then notes these occurrences along the southern Highland border. 

The occurrence of the same rocks in Anglesea and in N. Wales is also noted 
and the evidence as to their age briefly referred to. 

A brief account is then given of their widespread outcrop north of Pomeroy, 
and it is shown that they bear the same relation to the Highland rocks as in 
Kincardineshire, z.c., the two series are separated by a persistent thrust plane. 
This had been previously traced by Mr. McHenry, though his work is not pub- 
lished 
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The metamorphism of the series by granitic intrusions is briefly referred to, 
and the age of the various groups discussed. 

Taking into account the evidence from the different areas, the author concludes 
that the Highland rocks are the oldest, and are of Archean age. 

The Jasper and Green Rock Series though newer are most probably of prae- 
Cambrian age, and not Arenig, as the author formerly supposed. These views 
agree in the main with those put forward by Mr. Kinahan, to whom the credit of 
establishing the prae-Cambrian age of these Green Rocks is primarily due. 


4, The Fossil Flora of the Cumberland Coalfield. P 
By E. A. Newer. Arser, I/.A., F.G.S. 


The Cumberland coalfield lies along the coast-line to the west of the 
mountains of the Lake District. The towns of Whitehaven, Workington, and 
Maryport are three of the most important centres of the coal industry in Cumber- 
land. In this district the Upper Carboniferous rocks consist of two series, of 
which the upper is the well-known ‘ Whitehaven Sandstone.’ This is essentially 
an arenaceous deposit, and is often red or purple in colour. It is generally 
believed to lie unconformably on the ‘Coal Measures’ below, the latter consisting 
of argillaceous and carbonaceous material, and containing almost all the workable 
coals. 

The horizons of both the ‘ Whitehaven Sandstone’ and the ‘Coal Measures’ in 
the Carboniferous are disputed questions, Recently some attempt has been made 
to throw fresh light on the subject, from the evidence of the plant-remains which 
occur in both series, although not so abundantly as in some other coalfields. A 
full account of the floras, and the conclusions which have been attained, will, it is 
hoped, be published shortly elsewhere. 


5. The Post-Glacial Deposits of the Belfast District. 
By R. Luoyp Pragcer. 


The silted-up head of Belfast Lough and other similar places in the district 
display a remarkably fine series of deposits extending from the close of the Glacial 
Ae to the present day, with a rich fauna, from which much of the history of 
the intervening period may be gleaned. A typical section at Belfast shows the 
following sequence :— 


Feet Inches 
bie a 


Surface clays . 5 : 3 : 6 
Yellow sand . 2. 0 
Blue clay { 7 Per | $0 
Grey sand i 2p aU 
Peat dL iedaa.( 
Grey sand 2 O 
Red sand : c : ¢ 4 0 
Boulder clay (base not reached) 15 0 

45 0 


The peat bed, which at Belfast is 20 feet below low-water level, reappears 
between tides at various other places in the district. It represents an old land 
surface, and its fossils include the ‘Irish Elk.’ The blue clay is the most im- 
portant bed of the series, Two divisions can be clearly distinguished in it, the 
lower clay being littoral, and characterised by such shells as Scrobicularia 
piperata, the upper yielding an abundant fauna pertaining to five to ten fathoms 
of water ; Thracia convexa is a characteristic fossil. In both clays some of the 
bivalves occur in beds, each shell in its natural position, and many of the species 
attain remarkably large proportions. In places the Scrobicularia clay is overlaid 
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by raised beaches. Thus, at Larne, 20 feet of stratified gravels, containing 
marine shells and neolithic implements throughout, replace the Thracia clay, and 
serve to date it. The fauna of the Thracia clay has a distinctly southern aspect 
when compared with the present fauna. 

As regards oscillations of level, the peat proves a level higher than the present 
in certain places by at least 30 feet. Subsidence, irregular both as regards rate 
and area affected, superseded to the extent of 50 to 80 feet; the final elevation, | 
which brought about the existing state of things, amounted to 30 or 40 feet. 

As regards climate, the northern fauna of the Glacial period appears to have 
passed away by the time the peat was formed. Southern species immigrated till 
the molluscan fauna acquired a distinctly southern character in the upper blue clay ; 
then the seas became again colder, and the present local molluscan fauna has a 
distinctly northern aspect. 


TUESDAY, SEPTEMBER 16. 


The following Reports and Papers were read :— 


1. Report on the Movements of Underground Waters of N.W. Yorkshire. 
See Reports, p. 224. 


2. Report on the Collection and Preservation of Photographs o 
pp gv ay 
Geological Interest.—See Reports, p. 229. 


3. On the Valleys at the Head of the Hardanger Fjord, Norway. 
By Horace Wooitaston Moncxton, F.L.S8., FG. 


Above the head of the Hardanger Fjord there is a great moorland with a 
level of over 2,000 feet. It is an old land-surface of at least pre-Glacial date, 
with rounded hills and wide shallow valleys. 

The plateau upon which the snowfield Hardanger Jékul lies and a few 
mountain tops attain a still higher level, and may, as suggested by Dr. Reusch, 
be remains of a far older land-surface. 

In the moorland deep narrow valleys have been cut, probably the result of 
a rise of the land before or at an early part of the Glacial period. It is suggested 
that the hollow in which the Hardanger Fjord lies may have been excavated at 
the time of this elevation. 

The author traces the course of the River Bjoreia, across the pre-Glacial sur- 
face to the Véringfos (waterfall), where it plunges into the deep narrow valley 
Maabodal. He agrees with Dr. Reusch that the precise direction of this valley 
is due to lines of weakness, or cracks in the rock, and that the valley is not a 
fissure valley, but has been excavated by water assisted by ice. 

The author was struck by the resemblance of the head of the valley at the 
Voringfos to a giant’s chaldron, and suggests that much of the excavating may 
have been the work of sub-Glacial streams when ice covered the surface. 

The Maabévand, a talus-dammed lake, is described. Below it the river enters 
the side of a wide section of the valley, and possibly the head of the valley was at 
one time at this point. 

A little below Tveit there appears once to have been a small lake formed by 
moraine. 

At Seebé the valley unites with Hjzlmodal, and some interesting terraces are 
described. 

Below is the lake Eidfjordsvand, formed by a great moraine. Dr. Brégger 
has shown that during the early part of the Ice age the land stood much higher 
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than now. Subsequently depression took place, but towards the close of that 
period elevation again set in, and the terraces at Sebd and others below the 
Hidfjordsvand are the result of this last elevation. 


4, The Evidence of the Hydrothermal Metamorphism of the Schists of 
South Devon. By A. R. Hunt, F.G.S. 


The author contends that a dominant cause of alteration in the Devonskire 
schists was the presence of water; in other words, that as the presence of some 
degree of heat is not disputed the metamorphism was hydrothermal. 

He divides the schists into two groups :— 


1. Rocks which have been variously called chlorite-schists, hornblende-schists, 
epidote-schists—or, generally, green rocks. 
2. Mica-schists, more or less associated with quartz-schists. 


The schists of the first group are, he observes, usually attributed to the altera- 
tion of basic augitic rock; they were originally composed of anhydrous minerals, 
pyroxenes, and felspars. 

Evidence is adduced to show that they now have become transformed into 
rock, consisting of amphibole, epidote, zoisite, and chlorite; the three last of 
these contain water of crystallisation, together with albite, which in these rocks 
is occasionally charged with actual water. In short, he remarks that the one 
characteristic substance which by way of addition distinguishes the green rocks 
from their assumed parents is water. 

He then deals with the second group, showing a similar result. 

Thus, he maintains, the hydro-metamorphism of the district seems pretty well 
established, and contends that whilst thermo-dynamic metamorphism is admitted 
in South Devon, the universal presence of water in the newly constituted rocks 
compels us to assign a very important position to hydro-metamorphism as an 
agent of change. It is not so much that water must have been present during 
the metamorphic process, as that it is in the rocks now, and could not have been 
introduced since their crystallisation. 


5. Note on the Scenery of Ceylon, 
By A. K. Coomdraswdmy, B.Sc., F.L.S., F.GS. 


It is probable that Ceylon has been exposed to continuous denudation since 
very early Paleozoic times. The foliation of the crystalline rocks has had a 
marked influence in determining the directions of the river valleys and the 
general configuration of the country. The foliation strike is usually from N. to 
N.W. Many rivers have a similar direction, as examination of a map will show. 
A north-and-south strike-valley runs from Wattegama to Dambulla, followed by 
the railway as far as Matale. N.N.W. valleys are conspicuous N. of Hunasgiriya. 
The Mahaweli Ganga valley, south of Peradeniya, is a strike-valley ; another good 
example is the valley running N.W. from Hatton. Each of these valleys is 
followed by the railway. Other conspicuous N.W. valleys (probably strike- 
valleys) are those between Kurunegala and Matale; and N.E. of Adam’s Peak 
and 8. of Ratnapura. A small area east of Kandy has been examined in detail, 
and shows a diagrammatic system of strike-valleys, with others at right angles 
thereto, the strike being here, however, more nearly east and west than is usually 
the case. The bands of limestone may have had some effect in determining the 
actual positions of these valleys. Of course alJ valleys in Ceylon are not strike- 
valleys; thus the Mahaweli Ganga valley crosses the general strike below 
Gettembe (E. of Peradeniya), forming a series of rapids. 

A characteristic feature of the scenery of Ceylon in many parts is its precipitous 
character; the seemingly ‘bedded’ granulites form mural escarpments and dip 
slopes, as if they were a series of sedimentary rocks. 
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The above remarks apply only to the mountainous districts which occupy the 
south central part of Ceylon. A low coastal plain fringes the island, partly of 
alluvial and partly of raised beach origin; sea cliffs are absent or very unusual, 
and even any coast exposures of rock are not common. In the north a greater 
area is flat and low, and the scenery resembles that of Southern India. Isolated 
hills of gneiss (Dambulla, Sigiri, &c.) rise conspicuously from the plain, 


6. On some New Fossils from Penmorfa, and their Bearing on the Cambro- 
Ordovician Succession near Tremadoc. By W.G, Frarnsipns, B.A., 


F.G.S, 


The beds between the mid-Lingula Flags of the hill west of Penmorfa Church 
and the fossiliferous beds of Penmorfa village show a continuous succession. 

The black upper Lingula Flags include near their base a 4-inch band of 
limestone made up of Orthis lenticularis, and about 100 feet higher a band full of 
Parabolina spinulosa, Spherophthalmus alatus, Ctenopyge pecten, and especially 
Agnostus rex. Another band some 380 feet higher is the one which yielded to 
Ramsay and later workers their best specimens of ‘ Lower Tremadoc’ Trilobites, 
especially Miobe homfrayi and Pseilocephalus innotatus: these are associated 
with Theca, Hymenocaris, and small Trilobites, probably new. 

About 50 feet higher comes the Dictyonema zone, crowded with Dictyonema 
itself: it is underlain by a hard ‘indicator’ bed of flags with small Acrotreta. 
I have followed the Dictyonema zone from Penmorfa round the west and 
south of Moel-y-Gest as far as Borthwood, and find that at Wern and Llanerch, 
as at Tyn-llan, it overlies the beds from which Ramsay obtained his ‘ Lower 
Tremadoc’ fossils. Then follow some 300-400 feet of as yet unfossiliferous shales 
and flags, which pass continuously up to the thin band of calcareous and micaceous 
flags exposed in front of the Post Office at Penmorfa. These beds have yielded 
me a rich fauna which is closely related to that of the Sheinton beds of Shropshire, 
but is even more like that of the shallow-water development of Ceratopyge shales 
described by Moberg from the island of Oeland :— 


Shumardia cf. oelandica Olenus triarthrus 

Symphysurus croftii Olenus salteri 

Huloma monile Macrocystella maria 
(All Sheinton species.) 

Ceratopyge forficula Cheirurus cf. foveolatus 


Bellerophon cf. norvegica. 


Species abundant in Sweden, but hitherto unknown in Britain. 

With these are several new forms, and excellent specimens of all the well- 
known Tremadoc species : 

Dicellocephalus furca, Conocoryphe verisimilis, Ogygia Selvynii (forms usually 


referred to as ‘Lower Tremadoc’); Angelina sedgwichii, var.; Cheirurus fredrici, — 


Ampyx ? prenuntius,and very many Asaphellus homfrayi (forms usually termed 
‘Upper Tremadoc ’). 

These beds are overlain by similar but less fossiliferous shales which yield, 
along with Asaphellus, the normal form of Angelina sedgwickiit. Above this the 
beds are disturbed and often converted into an Augen-shale, which in places 
contains masses of the well-known pisolitic iron ore of Tremadoc. 

At a spot on the 500-foot contour 3800 yards N., 5° W., of the farm Tyddyn- 
dicwm-uchaf, I have obtained graptolites in situ. These Miss Elles has kindly 
determined for me as follows :— 


Didymograptus superstes Dicranograptus ramosus 
Coenograptus gracilis Dicranograptus zigzag, var. minimus 
Dicellograptus sextans Glossograptus hincksii 
Dicellograptus intortus Diplograptus whitfieldi 
Dicellograptus caduceus Climacograptus scharenbergt 


Diplograptus angustifolius ? 


ee 
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These fossils occur in a band of hard blue slate, which only splits after being 
exposed to the weather for atime. It passes up into a crushed Augen-shale, 
containing ashy material, and appears to be the bed immediately underlying the 
earliest voleanic ash-beds of this region. 


7. Preliminary Note on a Carboniferous Fish Fauna from Victoria, 
Australia. By A. Smita Woopwarp, LL.D., F.R.S. 


The researches of Dr. Traquair have proved that in Britain there is a definite 
succession of Devonian and Carboniferous fish faunas. When sufliciently well- 
preserved fossils are available, these faunas can be readily distinguished and 
recognised, and they always occur in the same stratigraphical order. There is 
also considerable evidence of a similar succession on the continent of Europe, in 
Spitzbergen, and in North America. 

Much interest was therefore aroused, twelve years ago, when the late Sir 
Frederick M‘Coy announced that a mixture of representatives of all these different 
faunas had been discovered in a bed of Palzeozoic Red Sandstone in Australia, 
These fossils were found at the supposed base of the Carboniferous system in the 
valley of the Broken River, near Mansfield, Victoria. The first fragments were 
discovered by Mr. Reginald Murray; a large series of remains was afterwards col- 
lected by the Rev. A. Cresswell for the Geological Survey of Victoria; and 
valuable additions were also made by Mr. George Sweet, F.G.S., of Melbourne. 
The complete collection was placed in the Melbourne Museum, and Sir Frederick 
M‘Coy’s report was the result of his preliminary study of it. 

Unfortunately, notwithstanding the interest of this important discovery, no 
definite information concerning it has hitherto been published. Before his death 
M‘Coy was only able to supervise the drawing of some plates to illustrate a 
memoir which he hoped to prepare. The specimens proved to be too fragmentary, 
and the materials for comparison in the Australian museums too inadequate for 
him to arrive at any satistactory results. The whole collection has therefore been 
sent to me by Professors Baldwin Spencer and J. W. Gregory ; and at present I 
am engaged in the work of preparing the projected memoir for the Geological 
Survey of Victoria. 

With ample facilities for the study of the collection, it now appears that 
M‘Coy’s original report was based on a complete misinterpretation of many of the 
fragments. Far from displaying a ‘mixture of Lower Devonian, Upper Devonian, 
and types related to some of the Calciferous Sandstone series,’ as M*'Coy supposed, 
the Broken River collection is typically and essentially Carboniferous; and some 
of the specimens are of great interest, both from the ichthyologist’s and from the 
geologist’s point of view. 

None of the specimens or drawings are labelled with the names proposed for 
them by M‘Coy, and none of his manuscript notes are forthcoming. Iam thus 
unable to recognise all his identifications with certainty. Most of them, however, 
are distinguishable; and it is, in any case, sure that I have the whole of the 
material which was at his disposal. 

The fossils regarded by M‘Coy as Lower Devonian in facies received the 
names of Rytidaspis murrayi and Pteraspis (?) mansfieldensis. The former 
was said to be ot the same shape as Cephalaspis, the latter not more than 
generically distinct from Pteraspis. There are, however, in the collection no 
remains either of Cephalaspidians or Pteraspidians, or any types related to them. 
I do not know to which fossil the name Rytidaspis was applied, but it is evident 
that impressions of some gular plates of a large Rhizodont fish were mistaken for 
the supposed Pteraspis. 

The determination of the remains claimed to be of a later Devonian type is 
equally unsatisfactory. The only Acanthodian sufficiently well preserved for 


' F. M‘Coy, ‘Report on Palzontology for the year 1889,’ Ann. Rep. Sec. Mines, 
Victoria, 1889 (1890), pp. 23, 24. 
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discussion is not specially related to the Devonian forms, but has the elongate shape 
characteristic of the genera of the Carboniferous and Permian periods. The 
Acanthodian fragment compared with the Devonian Chezrolepis (which is not an 
Acanthodian) is too imperfect for consideration. The so-called scales of the 
Devonian Glyptolepis, or an allied genus, evidently belong to the large Rhizodont 
already mentioned, and closely resemble the scales of the Lower Carboniferous 
Rhizodus itself. The Australian fish, however, does not belong to the latter 
genus: it has teeth round in transverse section. 

The most interesting of all the genera represented in the collection is one 
rightly recognised by M‘Coy as an Elasmobranch allied to the Carboniferous 
Gyracanthus, Jt is named Gyracanthides, and is a round-bodied Acanthodian 
fish, apparently toothless, with the comparatively small and spinous pelvic fins 
advanced far forwards, as in Acanthodes. Its dorsal fins have not been observed, 
but its small anal fin is armed with a spine. 

There is also evidence of a small Dipnoan fish with teeth and scales like 
those of the Carboniferous and Permian Sagenodus. The typically Carboniferous 
Palzoniscide in the collection are related to Elonichthys. 

There is thus no abnormal mingling of genera in the Early Paleozoic fish 
fauna from the Broken River, Victoria. It isa typical Carboniferous assemblage 
without any extraneous elements. 


8. A Summary of the Principal Changes in South-east England during 
Pliocene and more Recent Times. By Horacr Woo.ttaston Monckton, 
DS ORS Pe IM EES 


(a) Period of depression in South-east England. 


1. Deposition of the bed from which the Box Stones came. 
2. The Lenham Beds. Sea 40 fathoms, extends to Guildford, shells not rolled 
level 1,000 feet lower than now (Diestian). 


(0) Elevation in South-east England, but depression continues over estuary 
of Rhine. 


3. Gravel with large flints of Upper Hale, Aldershot, and the Pebble Gravel 
‘ Westleton ’ of the Chilterns. 

4, Coralline Crag, submarine banks in rather shallow water; climate that of 
South Europe. 

5. Red Crag of Walton and Scaldisian of Belgium ; seashore deposits, climate 
rather warmer than now. 

The beds with Corbula gibba (Poederlian) complete Belgian series, and that 
country becomes dry land. 

6. Red Crag of Bentley, Newbourn, Butley, seashore deposits. The Amstelian 
of Holland. Climate colder. 


(c) The depression of the estuary of the Rhine extends to South-east England. 


7. Norwich Crag deposited in sea-water of wide estuary. Chillesford Clay, 
shells not rolled or water-worn, level lower than now. 

8. Weybourne Crag and Bure Valley Beds, depression extending and conse- 
quent introduction of Yellina balthica. 


(d) Period of great and extensive elevation. 


9. Cromer Forest Bed, level and climate as now. 

10. Leda Myalis Bed, marine with oyster-beds, shells in position of life. 
Slight local depression. 

11. The Chobham Ridges Gravel and the Plateau Gravyels around Reading 
over 300 feet O.D. come in here. 

12. Arctic Freshwater Bed, flood loam with Succinea. 


i 
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The shells of Bridlington Shell Bed lived about this time. 

13. The Cromer Till and Contorted Drift. First great ice-sheet. Lower 
Boulder Clay of many places, Bridlington Shell Bed, and Shell Bed of Moel 
Tryfaen, &c. Land higher than now. 


(e) Depression possibly only local in South-east England. 
14, The Middle Glacial Sand and Gravel, result from melting ice. 


(f) Period of renewed great elevation possibly continuous with period (a) 
in the far north, 
15. The Great Chalky Boulder Clay. Ice-sheet extending over large area. 
N.B.—At some time during Periods (d), (e), (f), the land in North Europe was 


raised to some 8,000 feet higher than now, and this is probable date of completion 
of excavation of Scottish lochs and Norwegian fjords. 


(g) Period of depression. 


16. Corbicula fluminalis Beds of Grays and Crayford. Mamumilliferous beds of 
Sewerby and Hessle. Slight depression. 

Marine Gravel of Holderness 100 feet O.D., Brighton, Goodwood, &c., Raised 
Beaches. Further depression. 


(A) Period of elevation over large area. Last great ice-sheet. 


17. Plateau Gravel of Norfolk in part, and much of the Thames Terrace- 
gravel, Purple and Hessle Clay of Yorks, 

Shell-banks of Rockall, &c., show elevation of Iceland, Scotland, Norway, to 
some 600 feet higher than now. 

18. Mundesley ‘ River Bed’ near close of this period. 

Probably the Raised Beach of Clacton, &c., belongs to a final period of depres- 
sion (time of Yoldia Clay of Christiania), and in N orway there was a subsequent 
elevation during which the terraces in the fjords were formed. 


9. Report on Life-zones in the British Carboniferous Rocks. 
See Reports, p. 210. 
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Section D.—ZOOLOGY. 


PRESIDENT OF THE SEcTION—Professor G. B. Howss, D.Sc., LL.D., F.R.S. 


THURSDAY, SEPTEMBER 11. 
The President delivered the following Address :— 


The Morphological Method and Progress 


Ir is now twenty-eight years since this Association last assembled in Belfast, and 
to those present who can recall the meeting the proceedings of Section D will be 
best remembered for the delivery of an address by Huxley ‘On the Hypothesis 
that Animals are Automata, and its History,’ one of the finest philosophic pro- 
ducts of his mind. At that date the zoological world were about to embark on a 
period of marked activity. Fired by the influence of the ‘ Origin of Species,’ which 
had survived abuse and was taking immediate effect, the zoological mind, accepting 
the doctrine of evolution, had become eager to determine the lines of descent of 
animal forms. Marine observatories were in their infancy; the ‘ Challenger’ was 
still at sea; the study of comparative embryology was but then becoming a 
science; and when, reflecting on this, we briefly survey the present field, we can 
but stand astonished at the enormity of the task which has been achieved. 
Development has proceeded on every hand. The leavening influence, spreading 
with sure effect, has in due course extended to the Antipodes and the Hast, in 
each of which portions of the globe there have now arisen a band of earnest 
workers pledged to the investigation of their indigenous fauna, with which they 
are proceeding with might and main. Of the Japanese, let it be said that not only 
have they filled in gaps in our growing knowledge, for which they alone have the 
materials at hand, but that, with an acumen deserving the highest praise, they 
have put us right on first principles. I refer to the fact that they have shown, 
with respect to the embryonic membranes of the common chick, that we in the 
West, with our historic associations, our methods, and our skill, contenting our- 
selves with an ever-recurring restriction to the germinal area, have, by an error 
of orientation, missed an all-important septum, displaced under an inequality of 
rowth.” 
‘ Those of us who have lived and worked throughout this memorable period 
have had a unique experience, for never has there been progress so rapid, accumu- 
lation of observations so extensive and exact. Of the 386,000 living animal 
species, to compute the estimate low,® every one available has been lain under hand, 
with the result that our annual literary output now amounts to close upon 
10,000 contributions, the description of new genera and sub-genera, say 1,700. 
More than one half of this vast series refer to the Insecta alone; but notwith- 
standing this, the records of facts of structure and development, with which 
most of us are concerned, now amount to a formidable mass, calculated to awe the 
unlettered looker-on, to overwhelm the earnest devotee, unless by specialising he 
can secure relief. As an example of what may occur, it may be remarked that a 
recent exploration of the great African lakes has resulted in the discovery of over 
130 new species.+ 


1 For List of References see p. 636. 
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As to the nature of this unprecedented progress, it will suffice to consider the 
Earthworms. In 1874 few were known to us. An advance in our knowledge, 
which had then commenced, had made known but few more which seemed likely to 
yield result. Darwin’s book upon them had not appeared. Some were exotic, 
it is true, but no one suspected that a group so restricted in their habits could 
reveal aught beyond a dull monotcny of form and structure. Never was surmise 
more wide of the mark, for the combined investigations of a score of earnest 
workers in all parts of the world have in the interval recorded some 700 odd 
species of about 140 genera.> Mainly exotic, they exhibit among themselves a 
structural variation of the widest possible range. Not only do we recognise 
littoral and branchiate forms, but others achzetous and leech-like in habit, to the 
extent of the discovery of a morphological overlap with the leeches, under which 
we are now compelled to remove them from their old association with the flat 
worms, and to unite them with the earthworms. And we even find these animals, 
as represented by the Acanthodrilide, coming prominently into considerations 
which involve the theory of a former antarctic continent, one of the most revolu- 
tionary zoo-geographical topics of our time.°® 

This case of the earthworm may be taken as typical of the rest, since for each 
and every class and order of animal forms, the progress of the period through which 
we have passed since last we assembled here has produced revolutionary results. 
Our Imowledge of facts has become materially enhanced ; our classifications, at 
best but the working expression of our ideas, have been to a large extent replaced 
in clearer, more comprehensive schemes; and we are to-day enabled to deduce, 
with an accuracy proportionate to our increased knowledge of fact, the nature of 
the interrelationships of the living forms which with ourselves inhabit the 
earth. 

Satisfactory as is this result, it must be clearly borne in mind that its realisa- 
tion could not have come about but for a knowledge of the animals of the past ; 
and turning now to paleontology, it may be said that at the time of our last 
meeting in this city the scientific world were just becoming entranced, by the 
promise of unexpected results in the exploration of the American Tertiary beds, 
then being first opened up. The Rocky Mountain district was the area under 
investigation, and with this, as with the progress in our knowledge of recent 
forms, no one living was prepared for the discoveries which shortly came to pass. 
To consider a concrete case, we may premise that study of the placental 
mammals had justified the conclusion that their ancestors must have had equal 
and pentadactyle limbs, a complete ulna and fibula, a complete clavicle, and a 
skull with forty-four teeth ; must have realised, that is, the predominant term of 
the living Insectivora as generally understood. Who among the zoologists of 
our time does not recall with enthusiasm the revelation which arose from the dis- 
covery, during these early days, in the Eocene of Central North America, of the 
genera at first described as Ho- and Helohyus?? The evidence of the existence, 
in the locality named, of these forty-four toothed peccaries, as they were held to 
be, rendered clearer the records of the later Tertiary deposits of the old world, 
which were those of hogs, and, in correlation with the facts then known, 
suggested that the Rocky Mountain area was the home of the ancestral porcine 
stock, and that in Early Tertiary times their descendants must have migrated, 
on the oue hand, across the northern belt, of which the Aleutian Islandsnow mark 
the course, into the old world, to beget, with complication of their teeth, the pigs 
and hogs ; and on the other into Central South America, to give rise, with numerical 
reduction of teeth and toes, to the peccaries, still extant. 

Migration in opposite directions with diversity of modification was the refrain 
of this remarkable find, far-reaching in its morphological and zoo-geographical 
effects. Nor can we allude with less fervour to the still more striking case of the 
horses, indicating not merely a similar, though perhaps a later, migration, but 
a parallelism of modification in both the old and new worlds, culminating in the 
latter in extinction, whereby it became necessary, on the advent of civilised man, 
to carry back the old-world horse to its ancestral American home. No wonder 
that this should have provoked our Huxley to the remark that in it we have the 
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‘demonstrative evidence of the occurrence of evolution,’ and that the facts of 
palzeontology came to be regarded as certainly not second to those of the fascinating 
but seductive department of embryology, at the time making giant strides.® 

I have endeavoured thus to picture that state of zoological science at the time 
of our last meeting here ; and I wish now to confine myself to some of the broader 
results since achieved on the morphological side. But let us first digress, in order 
to be clear as to the meaning of this phrase. 

We do not expect the public to be accurate in their usage of scientific terms; 
but it is to me an astounding fact that among trained scientific experts, devotees 
to branches of science other than our own, there exists a gross misunderstanding 
as to the limitations of our departments. I quote from an official report in 
alluding to ‘comparative anatomists, or biologists, as they call themselves,’ and I 
but cite the words of an eminent scientific friend, in referring to biology and 
botany as coequal. In endeavouring to get rid of this prevailing error, let it be 
once more said that the term ‘ biology ’ was introduced at the beginning of the 
nineteenth century by Treviranus and Lamarck, and that in its usage it has come 
to signify two totally distinct things as employed by our Continental contem- 
poraries and ourselves. By ‘ Biologie’ they understand the study of the organism 
in relation to its environment. We, following Huxley, include in our term 
biology the study of all phenomena manifested by living matter; botany and 
zoology ; and by morphology we zoologists mean the study of structure in all its 
forms, of anatomy, histology, and development, with paleeontology—of all, that is, 
which can be preferably studied in the dead state, as distinct from physiology, the 
study of the living in action. Comparative morphology, the study of likeness 
and unlikeness, is the basis of our working classifications, and it is to the con- 
sideration of the morphological method, and the more salient of its recent results 
that I would now proceed, in so far as it may be said to have marked progress 
and given precision to our ideas within the last eight-and-twenty years. I would 
deal in the main with facts, with theories only where self-evident, ignoring that 
type of generalisation to which the exclusive study of embryology has lent itself, 
which characterises, but does not grace, a vast portion of our recent zoological 
literature. 

To the earnest student of zoology, intent on current advance, the mental image 
of the interrelationships of the greater groups of animal forms is ever changing, 
kaleidoscopically it may be, but with diminishing effect in proportion as our know- 
ledge becomes the more precise. 

Returning now to American paleontology, we may at once continue our 
theme. In this vast field, expedition after expedition has returned with material 
rich and plentiful; and while, by study of it, our knowledge of every living 
mammalian order, to say the least, has been extended, and in some cases revolution- 
ised, we have come to regard the Early Tertiary period as the heyday of the 
mammals, in-the sense that the present epoch is that of the smaller birds. No 
wonder then that there should have been discovered group after group which has 
become extinct, or evidence that in matters such as tooth-structure there is reason 
to believe that types identical with those of to-day have been previously evolved 
but to disappear.’ To contemplate the discovery of the Titanotheria,’® the Am- 
blyopoda,” the Dinocerata with their strange diminutive brain,'* chief among the 
beavier ungulate forms, is to consider the Mammalia anew ; and when it is found 
that among late discoveries we have (1) that of a series of Rhinoceratoidea, which 
though not yet known to extend so far back in time as the primitive tapirs and 
horses are complete as far as they go; ** (2) that among the Ruminants we have, in 
the Oreodontide of the American Eocene, primitive forms with a dentition of forty- 
four teeth, an absence of diastemata, a pentadactyle manus, a tetradactyle pes 
with traces of a hallux, and, as would appear from an example of Mesoreodon, a 
bony clavicle, such as is unknown in any later ungulate, we are aroused to a pitch 
of eager enthusiasm as to the outcome of labours now in hand ; ‘4 for, as I write, 
there reaches me a letter, to the effect that for most of the great vertebrate groups, 
and not the mammals alone, collections are still coming in, each more wonderful 
than the last.’ 
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In the extension of our knowledge of the Ancylopoda,!® an order of mammals 
named after the Ancylotheriwm of Pikermi and Samos, which occur in the Early 
Tertiary deposits of Europe, Asia, North America, and abundantly in Patagonia,!” 
we have been made aware of the existence of genera whose salient structural 
features combine the dentition of an ungulate with the possession of pointed 
claws, believed to have been retractile like those of the living cats. Conversely 
to these unguiculate herbivores, which include genera with limbs on both the 
artio- and perisso-dactyle lines, there have been found, among the so-called 
Mesonychidz, undoubted primitive carnivores, indications of a type of terminal 
phalanx seal-like and approximately non-unguiculate ; '® from all of which it is 
clear that we have in the rocks the remains of forms extinct which transpose the 
correlations of tooth and claw deducible from the living orders alone. Further, 
among the primitive pentadactyle Carnivora we meet, in the genus Patriofelis, 
with a reduction of the lower incisors to two, and characters of the fore limb 
which, with this, sug¢est the seals.!° It is, however, probable that these characters 
are in no way indicative of direct genetic relationship between the two, for, in- 
asmuch as these animals were accustomed to seek their food in the water of the 
lake by which they dwelt, their seal-like characters may be but the expression of 
adaptation to a partially aquatic mode of life—of parallelism of modification with 
the seals and nothing more. 

Early in the history of their inquiry, our American confréres recorded from 
the Pliocene the discovery of camel-like forms possessed of a full upper incisor 
dentition ; for example, the genera Protolabis and Ithygrammodon;*° and now 
they have arrived at the conclusion that while the camels are of American origin 
one of their most characteristic ruminants, the Prongbuck (Antilocapra), would 
conversely appear to be the descendant of an ancestor (Blastomeryx) who migrated 
from the old world. 

Sufficient this concerning the work in mammalogy of the American palzon- 
tologists. While we return them our devout and learned admiration, we would 
point out that the brilliance of their discoveries has but beclouded the recognition 
of equally important investigations going on elsewhere. In Argentina there 
have proceeded, side by side with the North American explorations, researches 
into the Pleistocene or Pampa fauna, which in result are not one whit behind,”4 
as has been proved by the recognition of a whole order of primitive ungulates, 
the Toxodontia,** by that of toothed cetaceans with elongated nasals, as in the 
genera Prosqualodon and Argyrocetus, and of sperm whales with functional 
premaxillary teeth, viz., Physodon and Hypocetus, to say nothing of giant 
armadillos and pigmy glyptodons.”° 

It will be remembered by some present that, from Patagonian deposits of 
supposed Cretaceous age, there was exhibited at our Dover meeting the skull of 
a horned chelonian Miolania, which animal, we were informed, is barely 
distinguishable from the species originally discovered in Lord Howe’s Island, and 
Queensland, and which, being a marsh turtle highly specialised, would seem 
in all probability to furnish a forcible defence for the theory of the antarctic 
continent.** But more than this, the results of renewed investigation of the 
Argentine beds by the members of the Princeton University of North America 
have recently resulted in collections which, we are informed, seem likely to 
surpass all precedent in their bearings upon our current ideas, not the least 
remarkable preliminary announcement being the statement that there occurs 
fossil a mole indistinguishable, so far as is known, from the golden mole 
(Chrysochloris) of South Atrica.”* 

Before I dismiss this fascinating subject let me disarm the notion, which may 
have arisen, that the paleontological work of the old world is done. Far from 
it! Even our American cousins have to come to us for important fossil forms ; 
as, for example, the genus Pliohyrax of Samos and the Egyptian desert,?° while 
among the rodents and smaller carnivores there are large collections in our 
national museum waiting to be worked over afresh. 

If one part of the globe more than another is just now the centre of interest 
concerning its vertebrate remains, it is the Egyptian desert. Here there have 
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recently been found the bones of a huge cetacean associated, as in South America, 
with those of a giant snake, one of the longest known, since it must have 
reached a length of thirty feét.?’ There also occur the remains of other snakes, 
of chelonians of remarkable adaptive type, of crocodilians, fishes, and other 
animals, Interest, however, is greatest concerning the Mammalia, which for 
novelty are quite up to the American standard, as with an upper and a lower 
jaw of an anomalous creature, concerning which we can only at present remark 
that it may be a marsupial, or more probably a carnivore, which has taken on the 
rodent type in a manner peculiarly its own.** Important beyond this, however, 
are a series of Eocene forms which more than fill a long-standing gap, viz., that 
of the ancestors of the Elephants and Mastodons, which hitherto stopped short in 
the Middle Miocene of both old and new worlds. As represented by the genus 
Meritherium, they have three incisors above and two below, of which the second 
is in each case converted into a short but massive tusk. An upper canine is 
present, and in both upper and lower jaws a series of six cheek-teeth, distinct and 
bunodont in type.”? In the allied Barythertwm, of which a large part of the skeleton 
is known, the upper incisors were presumably reduced to two, the tusks enlarged, 
with resemblances in detail to the Dinoceratan type.*° 

So far as these remains are known, they appear to present in their combined 
characters all that the most ardent evolutionist could desire. There are with 
them Mastodons which simplify our knowledge of this group; and among the last 
discovered remains Sirenians, which, in presenting a certain similarity to the 
afore-named Meritherium, strengthen the belief in the proboscidian relationships 
of these aquatic forms.*! Finally, and perhaps most noticeable of all, there is 
the genus Arsinoitherium, a heavy brute with an olfactory vacuity which 
outrivals that of Grypotherium itself, and is surmounted by a monstrous fronto- 
nasal horn, swollen and bifid, for which the most formidable among the Titano- 
theres might yearn in vain. There is an occiput to match! ‘The suggestion that 
this extraordinary beast has relationships with the Rhinoceridz is absurd, since 
its tooth pattern alone inverts the order of this type. That it is proboscidian 
may be nearer the mark, and if so it shows once more how subtle were the 
mammals of the past.** Great as is this result, much remains to be done or done 
again, if only from the fact that in seeking to determine homologies our American 
brethren, in the opinion of some of us, have placed too much reliance on a so-called 
tritubercular theory of tooth genesis, of which we cannot admit the proof.** How, 
we would ask, is it conceivable that a transversely ridged molar of the Diprotodon 
type can be of tritubercular origin ? 

Sufficient for the moment of paleontological advance, except to remark that 
the zoologist who neglects this branch of morphology misses the one leavening 
influence ; neglects the court on whose ruling arguments deduced from embryo- 
logical data alone must either stand or fall. We may form our own conclusions 
from facts of the order before us; but it is when we find their influence on the 
master-mind prompting to action, like that of Huxley with his mighty memoir of 
1880, in which he revised our sub-class terms, that we appreciate them to the full.** 

With this consideration we pass to the living forms, and I have only time 
in dealing with these to comment on advance which affects our broadest con- 
ceptions and classifications of the past. 

To commence with the Mammalia, we now know that the mammary gland 
when first it appears is in all forms tubular, and that this type is no longer 
distinctive of the Monotremata alone.*? We know, too, that the intranarial position 
of the epiglottis when at rest, long known for certain forms, is a distinction of the 
class. It explains the presence of the velum palatinum, by its association with 
the glottis for the restriction of the respiratory passage, the connection being 
lost in man alone, under specialisation of the organ of the voice.*° 

Similarly, the doubly ossified condition of the coracoid may now be held 
diagnostic, for it is known that the epicoracoidal element, originally thought to 
characterise the monotremes alone, is always present, and that reduction to 
a varying degree characterises the metacoracoid, which retires, as in man, as the 
so-called coracoid epiphysis.*” 
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Our conceptions of the interrelationships of the Marsupialia and Placentalia 
have during the period we are considering been delimited beyond expectation, by 
the discovery that an allantoic placenta in a polyprotodont marsupial, replaces the 
vitelline, present inits allies.** When it isremembered that in the formation of the 
placenta of the rabbit, bat, and hedgehog, there is a provisional vitelline stage,?° it 
is tempting to suggest that the evidence for the direct relationship of the two 
mammalian sub-classes first named overlaps (there being a placental marsupial 
on one hand, a marsupial placental on the other), much as we have come to 
regard Archzopteryx as an avian reptile, the Odontornithes as reptilian birds, 
These facts, moreover, prove that the type of placenta inherited by the Placentalia 
must have been discoidal, and that from that all others were derived. 

Equally important concerning our knowledge of the Marsupialia is the 
discovery, first made clear by Professor Symington, of this College, that Owen was 
correct in denying them a corpus callosum.'? How Owen arrived at this conclusion 
it is difficult to conceive; but in these later days the history of discovery is 
largely that of method; and it is by the employment of chrome-silver, methylene- 
blue, and other reagents, which in differentiating the fibre-tracts enable us to 
delimit their course, that this conclusion has been proved. By the corpus 
callosum we now understand a series of neo-pallial fibres which transect the 
alyeus and are present only in the Placentalia.*? 

There is no department of mammalogy in which recent work has been more 
luminous than this which concerns the brain; and, to mention but one result, 
it may be said that in the renewed study of the commissures there has been 
found a fibre-tract characteristic of the Diprotodontia alone, so situated as to 
prove that they and the Placentalia must have specialised on diverse lines from a 
polyprotodont stock.‘ Interesting this, the more, since the phalangers and 
kangaroos are known to be polyprotodont when young.’® And when we add the 
discovery that in the form of its hippocampal commissure the brain of the Elephant 
Shrew, a lowly insectivore, alone among that of all Placentalia known realises the 
marsupial state,* as does its accessory organ of smell, we have to admit the existence 
of annectant conditions just where they should occur.” 

The morphological method is sound ! 

The master hand which has given us this result has also reinvestigated the 
Lemurs. From an exhaustive study of the brain or its cast of all species of the 
order, living and extinct, there has come the proof that the distinctive characters 
of the lemuroid brain are intelligible only on a knowledge of the pithecoid type ; 
that its structural simplicity in the so-called lower lemurs is due to retrogressive 
change, in some species proved to be ontogenetic ; and that the Tarsier, recently 
claimed to be an insectivore, is a lemur of lemurs.*® It is impossible to over- 
estimate the importance of this conclusion, which receives confirmation in recent 
paleontological work ; ‘7 and there is demanded a reinvestigatiun of those early 
described Tertiary fossil forms placed on the Ungulo-lemuroid border line, as also 
a reconsideration of current views on the evolution of the primates and of man.** 

In dismissing the Mammalia, we recall the capture during the period we review 
of three new genera, a fourth, the so-called Meomylodon,*® having proved by its 
skull to be Grypotherium darwinit, already known.*° The African Okapi, an 
object of sensation beyond its deserts, has found its place at last. To have been 
dubbed a donkey, a zebra, and a primitive hornless giraffe, is distinction indeed ; 
and we cannot refrain from contrasting the nonsensical statement that its 
discovery is ‘the most important since Archeopteryx’ with the truth that it is a 
giraffine, horned in the male, annectant between two groups well known.*! Asa 
discovery it does not compare with that of the Mole-marsupial,”’ and it falls into 
insignificance beside that of the South American diprotodont Cenolestes, the 
survivor of a family which there flourished in Middle Tertiary times.” 

Passing to Birds and Reptiles, it will be convenient to consider them together. 
A knowledge of their anatomy has extended on all hands, and in respect to nothing 
more instructively than their organs of respiration. Surprise must be expressed 
at the discovery, in the chelonian, of a mode of advancing complication of the lung 
suggestive of that of birds. On looking into this, I find that Huxley, who 
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rationalised our knowledge of the avian lung and its sacs,’* was aware of the 
fact that in our common Water-tortoise (Zmys orbicularis), the lung is sharply 
differentiated along the bronchial line into a postero-dorsal more cellular mass, an 
antero-ventral more saccular, of which the posterior vesicle, in its extension and 
bronchial relationships, strangely simulates the so-called abdominal sac of birds. 
He had already instituted comparison with the Crocodiles,*® and was clearly coming 
to the conclusion that the arrangement in the bird is but the result of extreme 
specialisation of a type common to all Sauropsida with a ‘cellular’ lung. The 
respiratory process in the bird may be defined as transpulmonary, and it is an 
interesting coincidence that, as I write, there comes to hand a memoir, supporting 
Huxley’s conclusion, and establishing the fact that there is a fundamental principle 
underlying the development and primary differentiation of all types of vertebrate 
lung.°” 

The discovery of the Odontornithes in the American Cretaceous is so well 
known, that it is but necessary to remark that nine genera and some twenty species 
are recognised.” To Archeopteryx I shall return. Before dismissing the Chelonia, 
however, it must be pointed out that paleontology has definitely clenched their 
supposed relationship to the Plesiosaurs. Of all recent paleeontological collections 
there are none which, for care in collecting and skill in mounting, surpass the 
reptilian remains from the English Jurassic (Oxford Clay) now public in our 
national museum.®* The Plesiosaurs of this series must be seen to be appreciated, 
and nothing short of a merciful Providence can have interposed to ensure the 
generic name Cryptocleidus, which one of them has received, since the hiding of 
the clavicle, its diagnostic character, is an accomplished fact. It is due to 
secondary displacement, under the approximation in the middle line of a pair of 
proscapular lobes, present in the Plesiosauria and Chelonia alone, and until the 
advent of this discovery misinterpreted.*® Taken in conjunction with other 
characters of little less importance, conspicuously those of the plastron and pelvis, 
this decides the question of affinity, and proves the Chelonia to have had a lowly 
ancestry, as has generally been maintained.” 

Recent research has fully recorded the facts of development of the rare New 
Zealand reptile Sphenodon, and it has more than justified the conclusion that it is 
the sole survivor of an originally extensive and primitive group, the Rhyncho- 
cephalia, as now understood.! To confine our attention to its skeleton, as that 
portion of its body which can alone be compared with both the living and extinct, 
it may be said that positive proof has been for the first time obtained that the 
developing vertebral body of the terrestrial vertebrata passes through a paired 
cartilaginous stage, and that in its details the later development of this body is 
most nearly identical with that of the lower Batrachia."* There has long been a 
consensus of opinion that the forward extension of the pterygoids to meet the 
vomers in the middle line, known hitherto in this animal and the crocodiles alone, 
is for the terrestrial Vertebrata a primitive character; and proof of this has been 
obtained by its presence in all the Rhynchocephalia known, The same condi- 
tion has also been found to exist in the Plesiosaurs,®* the Ichthyosaurs,* the 
Pterodactyles,® the Dicynodontia,“® the Dinosaurs, and with modification in some 
Chelonians.®* It has, moreover, been found in living birds ; ® a most welcome fact, 
since Archeopteryx, in the possession of a plastron, carries the avian type a stage 
lower than the Dinosaurs. It is pertinent here to remark that, inasmuch as in 
those Dinosaurs (e.g., Compsognathus) in which the characters of the hind limbs are 
most nearly avian, the pelvis, in respect to its pubis, is at the antipodes of that of 
all known birds, and the fore limb is shortened in excess of that of Archeopteryx 
itself, the long supposed dinosaurian ancestry for birds must be held in abeyance.” 

Passing through the Rhynchoceyhalia to the Batrachia, we have to countenance 
progress most definite inits results. The skull, the limbs and their girdles, are 
chiefly concerned, and this in a very remarkable way. 

In the year 1881 there was made known by Professor Froriep, of Tiibingen, the 
discovery that the hypoglossus nerve of the embryo mammal is possessed of 
dorsal ganglionated roots."1 Again and again have I heard Huxley insist on the 
fact that the ventral roots of this nerve are serial with the spinal set, but never did 
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he suspect the rest. It is, however, a most intensely interesting fact that, whereas 
by a Huxleian triumph the vertebral theory of the skull was overthrown, in these 
later Huxleian days the proof of the incorporation of a portion of the vertebral 
region of the trunk into the mammalian occiput should have marked the 
succeeding epoch in advance. The existence of twelve pairs of cranial nerves 
which all the Amniota possess involves them in this change; and the fact that in 
all Batrachia there are but ten, enables us to draw a hard and fast line between 
batrachian and amniote series. 

It may be urged, as an objection, that since we have long been familiar with a 
fusion of vertebrze and skull in various piscine forms, the force of this distinction 
is weakened. But this cannot be; since, in respect to the investing sheaths and 
processes of development which lie at the root of the genesis of the vertebral 
skeleton, the fishes stand distinct from the Batrachia and Amniota, which are 
agreed.” So forcible is this consideration that it behoves us to express it in 
words, and I have elsewhere proposed to discriminate between the series of 
terrestrial Vertebrata as arche- and syn-craniate.” 

Similarly there is no proof that any batrachian, living or extinct (and in this 
I include the Stegocephala as a whole), possesses a costal sternum. So far as their 
development is known, the cartilages in these animals called ‘sternal’ are either 
coracoidal or swt generis."* The costal sternum, like the syncraniate skull, is dis- 
tinctive of the Amniota alone. Had the Stegocephala possessed it even in carti- 
lage, there is reason to think it might have been preserved, as it has been in the 
colossal Mososaur Tylosaurus of the American Cretaceous.” When to this it is 
added that whereas, in the presence of a costal sternum, the mechanism of inflation 
of the lung involves the body-wall, in its absence it mainly involves the mouth (as 
in all fishes and batrachians), the hard and sharp line between the Batrachia and 
Amniota may be expressed by the formula that the former are archecraniate and 
stomatophysous, the latter syncraniate and somatophysous. 

There are allied topics which might be considered did our time permit; but 
one certain outcome of this is that there is an end to the notion of a batrachian 
ancestry for the Mammalia. And when, on this basis, we sum up the characters 
demanded of the stock from which the Mammalia have been derived, we find them 
to be precisely those occurring outside the Mammalia in the Anomodont Reptiles 
alone, Beyond the sternum and skull, the chief characters are the possession of 
short and equal pentadactyle limbs, with never more than three phalanges to a 
digit, a complete fibula and clavicle, a doubly ossified coracoid, a heterodont 
dentition—a combination which, wholly or in part, we now associate with the 
Permian genera Procolophon, Pariasaurus, and others which might be named, the 
discovery of which constitutes one of the morphological triumphs of our time.” 

Beyond this, it may be added, concerning the Batrachia, that among living 
pedate forms the Anura have alone retained the pentadactyle state and the com- 
plete maxillo-jugal arch, and that the Eastern Tylototriton, in the possession of 
the latter, becomes the least modified urodele extant.77 These facts lead to the 
extraordinary conclusion that the living Urodela, while of general lowly organisa- 
tion, are one and all aberrant; and it is not the least important sequel to this 
that, despite their total loss of limbs, the Apoda, in the retention of the dermal 
armour and other features which might be stated are the most primitive Batrachia 
that exist.78 

The batrachian phalangeal formula 22343 was until quite recently a difficulty 
in the determination of the precise zoological position of the class; but it has now 
been overcome, by the discovery of a Keraterpeton in the Irish Carboniferous 
having three phalanges on the second digit of both fore and hind limbs,’® and by 
that in the Permian of Saxony of a most remarkable creature, Sclerocephalus, 
which, if rightly referred to the Stegocephala, had a head encased, as its name 
implies, in an armature like that of a fish, and the phalangeal formula of a 
reptile, 23454,° 

Passing from the Batrachia to the Fishes, we have still to admit a gap, since an 
interminable discussion on fingers and fins has not narrowed it in the least. In 
compensation for this, however, we have to record within the fish series itself 
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progress greater, perhaps, than with the higher groups. Certainly is this the case 
if, as to bulk, the literature in systematics and paleontology be alone taken into 
account. 

Of the Dipnoi our knowledge is fast becoming complete. We know that 
Lepidosiren forms a burrow ; “1 and, in consideration of a former monstrous proposal 
to regard this animal, with its fifty-six pairs of ribs, and Protopterus, with its 
thirty to thirty-five, as varieties of a species,*? it is the more interesting to find that 
the Congo has lately yielded a Protopterus (P. dolloi) with the lepidosiren rib 
formula, viz., fifty-four pairs.** 

Asa foremost result of American paleontological research we have to record 
the occurrence, in the Devonian of Ohio, of a series of colossal fishes known as the 
Arthrodira, the supposed dipnoan affinities of which are still a matter of doubt.** 

We have evidence that the osseous skeleton in a plate-like form first appeared 
as a protection for the eye of a primitive shark.** And coming to recent forms 
having special bearings on the teachings of the rocks, we have to acknowledge 
the capture in the Japanese seas of a couple of ancient sharks, of which one 
( Chlamydoselachus),since observed to have a distribution extending to the far North, 
is a survivor from Devonian times; the other (Mitsukurina), a genus whose gro- 
tesqueness leaves no doubt of its identity with the Cretaceous lamnoid Scapano- 
rhynchus.*© In the elucidation of the Sturiones and the determination of their 
affinities with the ancient Palzeoniscida a master stroke has been achieved.*? In 
the Old Red genus Paleospondylus we have become familiar with an unmistakable 
marsipobranch, possessing, as do certain living fishes, a notochord, annulated, but 
not vertebrated in the strict sense of the term.** The climax in Ichthyopaleon- 
tology, however, has been reached, in the discovery of Silurian forms, which, there 
is every reason to believe, explain in an unexpected way the hitherto anomalous 
Pteras- and Cephalaspidians, by involving them in a community of ancestry with 
the primitive Elasmobranchs. The genera Thelodus, Drepanaspis, Ateleaspis, 
and Lanarkia, chief among these annectant and ancestral forms, are among the 
most remarkable vertebrate fossils known.*? 

Passing to the Recent Fishes alone, the discovery which must take precedence 
is that of the mode of origin of tke skeletogenous tissue of their vertebral column. 
The fishes, unlike all the higher Vertebrata, have, when young, a notochord invested 
in a double sheath, there being an inner chordal sheath, an outer cuticular, which 
latter is alone present in all the higher groups. The skeletogenous cells, by whose 
activity the cartilaginous vertebral skeleton is formed, arise outside these sheaths ; 
bat whereas, when proliferating, they in one series remain outside, they in the 
other, by the rupture of the cuticular sheath, invade the chordal. This distinction 
enables us to discriminate between a Chordal series, which embraces the Chime- 
roids, Elasmobranchs, and Dipnoi, and a Pertchordal, consisting of the Teleosts, 
Ganoids, and Cyclostomes.°° 

In consideration of the enormity of the structural gap between the cyclostomes 
and the higher Vertebrata this is an extraordinary result. For be it remembered 
that, in addition to their well-known characters, the lampreys and hags (1) in 
the total absence of paired fins; (2) in the presence of branchie, ordinarily seven in 
number, fourteen in Bdellostoma polytrema,*’ numerically variable in individuals 
of certain species between six and fourteen, and doubtfully asserted in the young 
of one to be originally thirty-five ; °? and (3) in the carrying up of their oral hypo- 
pophysis by the nasal organ, whereby it perforates the cranium from above, as 
contrasted with all the higher Vertebrata, in which, carried in with the mouth-sac, 
it perforates it from beneath, exhibit morphological characters of an extra- 
ordinary kind. And if we are to express these characters in terms, we may dis- 
tinguish the Cyclostomes as apterygial and epicraniate, the higher Vertebrata as 
hypocraniate.** 1 But this notwithstanding, the aforementioned subdivision of the 


1 It is an interesting circumstance, if their ‘ciliated sac’ is rightly homologised, 
that Amphioxus and the Tunicata present a corresponding dissimilarity, allowance 
being made for the fact that in Botryllus, Goodsiria, and Polycarpa the sac overlies 
the ganglion. It is pertinent here to recall the ammoccete-like condition of the 
‘endostyle’ in Oikopleura flabellun.® 
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Pisces into two series, which would associate the teleosts and ganoids with the 
eyclostomes, as distinct from the rest, receives support from recent study of the 
head-kidney by a Japanese, who seeks to show that the organ so called in the 
Elasmobranchs is of a late-formed type peculiar to itself; °° and it is also in agree- 
ment with one set of conclusions previously deduced from the study of the reproduc- 
tive organs.** 

To deal further with the fishes is impossible in this Address, except to remark 
that recent discovery in the Gambia that the yourig of the Teleostean genera 
Heterotis and Gymnarchus bear filamentous external gills, renders significant 
beyond expectation the alleged presence of these among the loaches, and shows 
that adaptive organs of this type are valueless as criteria of affinity.® 

In paleontology, as in recent anatomy, our records of detail have increased 
beyond precedent, often but to show how deficient in knowledge we are, how 
contradictory are our theories and facts. 

In dismissing the fishes, I wish to comment upon our accepted terms of 
orientation. To speak of the median fins as dorsal, caudal, and anal, of the pelvic 
as ventral, and of the pectoral in its varying degrees of forward translocation as 
abdominal or thoracic, though a convention of the past, is to-day inaccurate and 
absurd. I question if the time has not come at which the terms thoracic (pulmo- 
cardiac) and abdominal are intolerable, as expressing either the subdivisions of the 
body-cavity or anything else, outside the Mammalia, which alone possess a dia- 
phragm. LEven in the birds, to grant the utmost, the subdivision of the ccelom 
if accurately described, must be into pulmonary, hyper-pulmonary, and cardio- 
abdominal chambers ; while with the reptiles the modes of subdivision are so com- 
plex that a special terminology is necessary for each of the several types extant. 

In the fishes, where the pericardium is alone shut off, the retention of the 
mammaliam terms but hampers progress. This was indeed felt by Duméril, when 
in 1865 he attempted a revisionary scheme.*? Since, however, one less fantastic 
than his seems desirable, I would propose that for the future the ‘anal’ fin be 
termed ventral, the ‘ventral’ pelvic; and that for the several positions of the 
pelvic, that immediately in front of the vent, primitive and embryonic (which is 
the position for the Elasmobranchs, Sturiones, Lower Siluroids, and all the higher 
Vertebrata), be termed proctal, the so-called ‘ abdominal’ pro-proctal, the so-called 
‘thoracic’ jugular (in that it denotes association with the area of the ‘ collar-bone’), 
and the so-called ‘jugular’ mental. The necessity for this becomes the more 
desirable, now that it is known that a group of Cretaceous fishes (the Cteno- 
thrissidee), hitherto regarded as Berycoids, are in reality of clupeoid affinity, 
despite the fact that at this early geological period they had translocated their pelvic 
fin into the jugular (‘ thoracic’) position.) 

The sum of our knowledge acquired during the last twenty-eight years proves to 
us that, among the bony fishes, the structural combination which would give us a 
premaxillo-maxillary gape dentigerous throughout, a proctal pelvic fin, a heart 
with conal valves, would be the lowest and most primitive. Inasmuch as this 
character of the heart, so far as at present known, exists only among the Clupesoces 
(pikes and herrings and their immediate allies), these must be regarded as lowly 
forms ; '°' wherefore it follows that the possession of but a single dorsal fin is not, 
as might appear, a necessary index of a highly modified state. 

Before I dismiss the vertebrates, a word or two upon a recent result of 
morphological inquiry which concerns them as a whole. I refer to the develop- 
ment of the skull. Up to 1878 it was everywhere thought and taught that the 
cartilaginous skull was a compound of paired elements, known as the trabeculze 
cranii and parachordals, and that the former contributed the cranial wall. 
Huxley in 1874, from the study of the cranial nerves of fishes, had reiterated the 
suggestion he made in 1864, when dealing with the skull alone, that the trabecule 
might be a pair of pre-oral visceral arches, serial with those which support the 
mouth and carry the gills. The next step lay with the Sturgeon, in which in 1878 
it was found that the cranial wall is originally distinct.!°? And later, when the facts 
were more fully studied in sharks, batrachians, reptiles, and birds, it became 
evident that the trabecule, though ultimately associated with the cranial wall, 
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take no share in its formation, and that when first they appear they are disposed 
at right angles to the parachordals and the axis, serially with the visceral arches 
behind.!°? Huxley was right ; and although this consideration by no means exhausts 
the category of independent cartilages now known to contribute to the formation 
of the skull, it proves that the cartilaginous cranium, like the bony one, which in 
the higher vertebrate forms replaces it, is in its essence compound. 

I now pass to the Invertebrata. Of the Oligocheta and Leeches I have spoken, 
and we may next consider the Arthropods. Of the Insecta, our knowledge has 
gained precision, by the conclusion that the primitive number of their Malpighian 
tubes is six, and by the study of development of these in the American cockroach 
Doryphora, which has rendered it probable they may be modified nephridia, carried 
in as are those of some oligochztes with the proctodeal invagination.’°* An ap- 
parent cervical plaventa has been discovered in the orthopteran Hemimerus, which 
suggests homology with the so-called ‘ trophic vesicle’ of the Peripatoids, as ex- 
emplified by Parap. nove-britannica.’”’ In this same orthopteran there have been 
recognised, in secondary proximity to the ‘lingua,’ reduced maxillule, which, fully 
developed and interposed between the mandible and first maxilla, in Japyz, 
Machilis, Forficula, and the Ephemera larva, give us a fifth constituent for the 
insectan head.!°? And when it is found that all the abdominal segments of a 
common cockroach, when young, are said to bear appendages, of which the cerct 
are the hindermost,'!’ we have a series of facts which revolutionise our ideas. 
Little less striking is the discovery that in the caterpillar of the bombycine 
genera Lagoa and Chrysopyga seven pairs of pro-legs occur.’ 

The fuller study of the apertures of the tracheate body has resulted in the 
discovery that the Chilopoda are more nearly related to the Hexapoda than to the 
Diplopods ; wherefore it is proposed to reclassify the Tracheata, in accordance 
with the position of the genital orifice, into Pro- and Opistho-goneatu. In a 
word the ‘ Myriapoda,’ if a natural group, are diphyletic. 

Our knowledge of the Peripatoids (Arthropoda malacopoda) has increased im 
all that concerns distribution and structure. They are now known, fer example, 
from Africa, the West Indies, Australia, and New Zealand, and for examples 
from the two latter localities and Tasmania the generic name Ooperipatus has but 
lately been proposed, to include three species characterised by the possession of an 
ovipositor, of which two have been observed to lay eggs.'!° 

Work upon the Crustacea in our own land, notorious for the tendencies of 
some of its devotees in their stickling for priority, has within the last twelve years 
advanced beyond all expectation. Much of our literature has been systematised, and 
an enormous increase in our knowledge of new forms has to be admitted, thanks 
to memoirs such as those of the ‘Investigator,’ ‘ Naples Zoological Station,’ and 
others which might be named ; while in the discovery and successful monograph- 
ing, in the intervals of six years’ labour at other groups, of a new family of 
minute Copepods (the Choniostomatide), parasitic on the Malacostraca, em- 
bracing forty-three species, difficult to find, we have an almost unique achieye- 
ment.!!_ The hand which gave us this has also provided a report which embraces 
the description of a nauplius of exceptional type, which, by a process of reasoning 
by elimination, masterly in its method, has been ‘run to ground’ as in every 
degree of probability the larva of Darwin’s apodal barnacle Protolepas bivincta, 
of which only the original specimen is known.'” 


There is but one other crustacean record equal in rank with this, viz., the © 


discovery of the genus Anaspides. Originally obtained from a fresh-water pool 
on Mount Wellington, Tasmania, at 4,000 feet, it has since been found in two 
other localities. It is unique among all living forms, in combining within 
itself characters of at least three distinct sub-orders of ‘prawns,’ for with a 
schizopod body it combines the double epipodial lamelle of an amphipod, the 
head of a decapod (pedunculated eyes and antennulary statocysts) apart from 
characters peculiarly its own. There is reason to believe that the nearest living 
ally to this remarkable creature is a small eyeless species (Bathynella natana) ob- 
tained from a Bohemian well; 1!* and if its presumed relationships to the Paleozoic 
‘pod-shrimps’ be correct, this heterogeneous assemblage may perhaps be 
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the representatives of a group of primitive Malacostraca, through which, by 
structural divergence, the establishment of the higher crustacean sub-orders may 
have come about. 

It is pertinent to this to note that work upon cave-dwelling and terrestrial 
forms, upon ‘ well-shrimps’ and the like, has preduced important results. And 
interesting indeed is the recent discovery of three species, living at 800-900 feet 
above sea-level, in Gippsland, one an amphipod, two of them isopods, which, though 
surface-dwellers, are all blind. While they prove to be species of genera normally 
eyed, they in their characters agree with well-known American forms; and the 
bleaching of their bodies and atrophy of their eyes proclaim them the descendants 
of cave-dwelling or subterranean ancestors, among whom the atrophy took place. 

Huxley in 1880 rationalised our treatment of the higher Crustacea, by 
devising a classification by gills, expressive of the relationships of these to the 
limb-bases, interarticular membranes, and body-wall.1** Hardly had his influence 
taken effect when, by work extending over the years 1886 to 1893, in the study 
of Peneus, the Phyllopods, Ostracods, and other forms, evidence had been 
accumulating to show that the crustacean appendage, even to the mandible itself, 
has primarily a basal constituent (protopodite) of three segments; that the 
branchiz one and all are originally appendicular in origin ; and that the numerical 
reduction of the basal (protopoditic) segments to two, with the assumption of a 
non-appendicular relationship by the gills, is due to coalescence of parts, with or 
without suppression.'!7 Ths evidence for this epoch-making conclusion, which 
simplifies our conceptions and brings contradictory data into line, is as irresistible 
as it is important, and there has been nothing finer in the whole history of 
crustacean morphology. With it, the attempt to explain the supposed anomalous 
characters of the antennule by appeal to embryology goes to the wall; and, taking 
a deep breath, we view the Crustacea in a new light. 

There remains for brief consideration one carcinological discovery second to 
none which bear on the significance of larval forms. It is that of the Trilobite 
Triarthrus becki, obtained in abundance from the Lower Silurian near New 
York, with all its limbs preserved.!!*_ In the simplicity of its segmentation and the 
biramous condition of its limbs it is primitive to a degree. Chief among its 
characters are the total absence of jaws in the strict sense of the term, and the 
fact that of its three anterior pairs of appendages the third is certainly and the 
second is apparently biramous, the first uniramous and antennifcrm. In this we 
have a combination of characters known only in the nauplius larva among all 
living crustacean forms; and the conclusion that the adult trilobite, like the 
Euphausiacea, Sergestidee, Peneeide, the Ostracods, and Cirripedes of to-day, was 
derived by direct expansion of the nauplius larva can hardly be doubted. Much 
yet remains to be done with the study of the Triarthrus limbs; and the suggestion 
of a foliaceous condition by those of the pygidium, which are the youngest, is a 
remarkable fact, the meaning of which the future must decide.""° Weshould expect 
the condition to be a provisional one, since while we admit the primitive nature of 
the phyllopods as an Order, we cannot regard the foliation of their appendages as 
anything but a specialisation. Be this as it may, the structural community 
between the nauplius larva and the trilobite is now proved; and when we add that 
in the yolk-bearing higher Crustacean types (e.g., Astacus) a perceptible halt in the 
development may be observed at the three-limb-bearing stage; that in Myszs the 
vitelline membrane is shed but to make way for a nauplius cuticle; !*° and that the 
median nauplius eye has long been found sessile on the adult brain of represen- 
tative members of the higher crustacean groups, up to the Icbster itaelf,!*? our 
belief in the ancestral significance of the nauplius larval form is established 
beyond doubt. 

The thought of the nauplius suggests other larval forms. The gastrula is no 
longer accepted without reserve; the claims of the blastula, planula, parenchy- 
mella, not to say the plakula, have all to be borne in mind.'** It is of the 
Trochophore, however, as familiar as the nauplius, that I would rather speak, as 
influenced by recent research, It is supposed to be primitive for the molluscs and 
cheetopod worms at least; and various attempts have been made to bolster it up, 
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and to show that if we allow for adaptive change, its characters, well known, 
are constant within the limits of its simpler forms.!*° 

It is now more than forty years ago that the late Lacaze-Duthiers described 
for Dentalium a larval stage, characterised by the possession of recurrently 
ciliated zones, which by reduction, with union and translocation forwards, give 
rise to the trochal lobe.!** It is now known that in the American pelecypod 
Yoldia limatula a similar stage is found, in which a ‘test,’ of five rows of ciliated 
cells, is present; 1° and of the young of Dondersia banyulensis the like is true. 
But whereas in the Yo/dia the ciliated sac is ultimately shed, in the Myzomenian 
the escape of the embryo is accompanied by rupture, which liberates the 
anterior series of ciliated zones in a manner strongly suggestive of forward con- 
centration, leaving the posterior circlet with its cilia attached.!*° 

This ‘ test’ has also been seen in two species of Nucula, and pending fuller inquiry 
into the Myzomenian and a reinvestigation of Dentalium, I would suggest that 
this recurrently ciliated sac is representative of a larval stage antecedent to the 
trochophore, for which the term protrochal may suffice. This term has indeed 
been already applied to a larva ot certain Polycheta, which might well represent 
a modification of that for which I am arguing ;'*" and quite recently it appears to 
have been observed near Ceylon for a species of the genus Marphysa.!** 

The discovery of this larva in Dondersia was accompanied by that of a later- 
formed series of dorsal spicular plates, which for once and for all, in realising 
a chitonid stage, demolish the heresy of the ‘Solenogastres,’ mischievous as 
suggesting an affinity with the worms. Like that of the supposed cephalopod 
affinities of the so-called ‘ Pteropods,’ it must be ignored as an error of the past. 

Returning to the protrochal stage, whatever the future may reveal concerning 
it, by bringing together the Lamellibranchiata, Scaphopoda, and Polyplacophora, 
it associates in one natural series all the bilaterally symmetrical Mollusca 
except the cephalopods. In doing this, it deals the death-blow to the supposed 
Rhipidoglossan affinity of the Lamellibranchiata ; }*° and in support of this con- 
clusion I would point out that the recently discovered eyes of the mytilids are 
in the position of those of the embryo Chiton,!° and that just as Dentalium, in 
the formation of its mantle, passes through a lamellibranchiate stage, so are there 
lamellibranchs in number in which a tubular investment is found.1*+ 

This protrochal larva has an important part to play. It may very possibly 
explain phenomena such as the compound nature of the trochal lobe of the 
limpet,'** the presence of a post-oral ciliated band in the larva of the ship-worm,!** 
and of a pre-anal one in that of various molluscan forms.1*+ In view of it, we 
must hesitate before we fully accept the belief in the ancestral significance of 
the trochophore. And it is certain that an idea, at one time entertained, that the 
Rotifer (Trochosphera) which so closely resembles it as to bear its name, is its 
persistent representative, is wrong, since this is now known to be but the female 
of a species having a very ordinary male. 

Through the Rhipidoglossa we pass to the Gastropods, which are one and all 
asymmetrical, for even Fissurella, Patella, and Doris, when young, develop a 
spiral shell; while Huxley in 1877 had observed that the shell of Aplysia, in its 
asymmetry, betrays its spiral source. 

The notion, which until recently prevailed, that among these gastropods the 
non-twisted or so-called euthyneurous condition of the visceral nerye-cords, as 
exemplified by the Opisthobranchs, is a direct derivative of that of the Chitons 
has been proved to be erroneous, since the nerves in Acteon and Chilina, like 
those of the prosobranchs, are twisted or streptoneurous.’** And as to the torsion 
of the gastropod body, recent research, in which my lamented demonstrator the late 
Mr. F. Woodward played a leading part, involving the discovery of paired reno- 
pericardial apertures in Haliotis, Patella, and Trochus, has resulted in proof that 
the dextral torsion which leads to the monotocardiac condition, does not affect all 
organs lying primitively to the left of the rectum, as we have been taught. Con- 
cerning the renal organs, it is the prtmitively (pretorsional) left one which remains 
as the functional kidney, its ostium as the genital aperture. Nor is the primitively 
right kidney neecssarily lost, for while its ostium remains as the renal orifice, its 
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body, by modification and reduction, may become an appendage of the functional 
kidney, the so-called nephridial gland.*7 And we now know there are cases of 
sinistral torsion of the visceral hump, in which the order of suppression of the 
organs is not reversed, the arrangement being one of adaptation of a dextral 
organisation to a sinistral shell.'°* 

Though thus specialised and asymmetrical as a group, the gastropods are yet 
plastic to an unexpected degree. Madagascar has yielded a Physa (P. lamellata) 
with a neomorphic gill, a character shared by species of Planorbis (P. corneus and 
P. marginatus), and an Ancylus in which the lung-sac is suppressed ; 1°? while 
St. Thomas's Island has given us a snail (Thyrophorella thomensts), the peristome 
of whose shell is produced into a protective lid.14° 

In paleontology, history records the fact that in 1864 Huxley observed that the 
genus Belemnites appears to have borne but six free arms; a startling discovery 
which lay dormant till the present year.’*! And the recent study of the fauna of the 
great African lakes, in bringing to light the existence of a halolimnic molluscan 
series in Lake Tanganyika, has opened up new possibilities concerning the palzon~ 
tological resources of enormous aqueous deposits, recently discovered in the 
interior, and has entirely changed our geological conceptions of the nature of 
Equatorial Africa. 

Time prevents my dealing with other groups, and it must suffice to state that 
with those I have not considered substantial work has been done. From what 
has been said, it is natural to expect that in some direction or another so vast an 
accumulation of facts must have extended the Darwinian teaching ; and it is now 
quite clear that this has been the case with the two post-Darwinian principles 
known as ‘ Substitution’ and Isomorphism or ‘ Convergence.’ 

The former may be exemplified by nothing better than the case of the Rays 
and Skates, in which, under the usurpation of the propelling fuaction of the tail by 
the expanded pectoral fins, the tail, free to modify, becomes in one species a 
lengthy whiplash, in another a vestigial stump, in others, by the development of 
powertul spines, a formidable organ of defence.** In both the Rays and certain 
other fishes subject to the working of this law, modification goes further still, in 
the appearance of electric organs in remotely related genera and species, by 
specialisation of the muscular system of the trunk or tail, or, as in the case of 
Malapterurus, of ‘tegumental glands.’ ‘** In this we have a difficulty admitted by 
Darwin himself, which now becomes clear and intelligible, since there is nothing 
new. There has simply come about the conversion, in one case of the energy of 
muscular contraction, in the other of glandular secretion, into that of electrical 
discharge, with accompanying structural change. The blind locust (Pachyramina 
Suscifer) of the New Zealand Limestone caves presents an allied case, since here, 
under the reduction of the eye, the antennz, elongated to a remarkable degree, 
have become the more efficiently tactile; and it is an interesting question whether 
this principle may not explain the attenuation of the limbs in the recently dis- 
covered American Proteoid (Typhlomolga rathburni) of the Texan subterranean 
waters,'#° 

And as to isomorphism, by which we mean the assumption of a similar 
structural state by members of diverse or independent groups, I would recall the 
case of the Eocene Creodort Patriofelis and the Seals, and that of the Myriapods 
to which I have already alluded, and would cite that of the Dinosaurs and Birds, 
heterodox though it may appear, for reasons I have given. 

As our knowledge increases, there is every reason to believe that, in the non- 
appreciation of these principles in the past, not a few of our classifications are 
wrong. We have even had our bogies, as, for example, the so-called Physemaria, 
which deceived the very elect ;1*° and before I close I wish to deal briefly with a 
question of serious doubt, which these considerations suggest. 

It is that of the position in the zoological series of the Limuloids, popularly 
termed the King Crabs. These creatures, best known from the opposite shores of 
the Northern Pacific, but found in the oriental seas as well as far south as Torres 
Strait,"*7 have been since 1829 the subject of a difference of opinion as to their 
zoological position and affinities. Within the last twenty years there have been 
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three determined advances upon them, and of these the third and most recent 
may be first discussed. It has for its object the attempt to prove that they are 
intimately associated with the cephalaspidian and other shield-bearing fishes of 
the Devonian and Silurian epochs, and that through them they are ancestral 
to the Vertebrata. The latest phase of this idea is based on the supposed 
existence in a Cephalaspis of a series of twenty-five to thirty lateral appendages 
of arthropod type.1** When, however, it is found that the would-be limbs are 
but the edges of body-scutes misinterpreted, suspicion is aroused; and when, 
working back from this, an earlier attempt reveals the fact that the author, 
compelled to find trabecule, in order to force a presupposed comparison between 
the architecture of the Cephalaspidian head-shield and the Limulus’ prosomal hood, 
resorts to a comparison between the structure of the former in general and that of 
the cornu of the latter, with details which on the piscine side are not to date, the 
argument must be condemned.'® It violates the first principles of comparative 
morphology, and is revolting to common sense; and as to the fishes concerned, 
we know that they have nothing whatever to do with the Limuloids, for we 
have already seen that, with their allies the Pteraspidiz, they are a lateral branch 
of the ancestral piscine stem.**° 

The second advance upon the king crabs has very much in common with the 
first. It has engrossed the attention of an eminent physiologist for the last six or 
seven years, and by him it was in detail set before Section I at our meeting of 1896. 
Suffice it to say that it specially aims at establishing a structural community 
between the king crabs and certain vertebrates, favourable to the conviction that 
the Vertebrata have had an arthropod ancestry.'’°! When we critically survey 
the appalling accumulation of words begotten of this task, it is sufficient to con- 
sider its opening and closing phases. At the outset, under the conclusion that 
the vertebrate nervous axis is the metamorphosed alimentary canal of the arthropod 
ancestor, the necessity for finding a digestive gland is mainly met by homologising 
the so-called liver of the arthropod with the cellular arachnoid of the larval 
lamprey, in violation of the first principles of comparative histology!1°* At the 
close we find ingenious attempts to homologise nerve tracts and commissures 
related to the organs of sense, such as are invariably present wherever such 
organs occur.’** Sufficient this to show that the comparison, in respect to its leading 
features, is in the opening case strained to an unnatural degree, in the closing case 
no comparison at all. Finding, as we do, that the rest of the work is on a par 
with this, we are compelled to reject the main conclusion as unnatural and 
unsound ; and when we seek the explanation of this remarkable course of action, 
we are forced to believe that it lies in the failure to understand the nature of the 
morphological method, For the proper pursuit of comparative morphology, it 
is not sufficient that any two organisms chosen here and there should be com- 
pared, with total disregard of even elementary principles. Comparison should 
be first close and with nearly related forms, passing later into larger groups, with 
the progressive elimination of those characters which are found to be least 
constant. And necessary is it, above all things, that in instituting comparison it 
should be first ascertained what it is that constitutes a crustacean a crustacean, a 
marsipobranch a cyclostome, and so on for the rest. We have tried to accept this 
theory, fascinated both by the arguments employed and by the idea itself, which 
for ingenuity it would be difficult to beat, but we cannot; and we dismiss it as 
misleading, as a fallacy, begotten of a misconception of the nature of the morpho- 
logical method of research. It is of the order of events which led Owen to 
compare a cephalopod and a vertebrate,!®> led Lacaze-Duthiers to regard the Tuni- 
cates and Lamellibranchs as allied; °° and with these and other heresies it must 
be denounced. 

Passing to the third advance, extending over the last twenty years, it may be 
said to consist in the revival of a theory of 1829, which boldly asserts that 
Limulus is an Arachnid. In the development of the defence there have been 
two weak points but lately strengthened, viz., the insufficient consideration of 
the paleontological side of the question and of the presence of trachez among the 
Arachnida.!*7 Under the former there was, until recently, assumed the absence of 
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the first pair of appendages in the Eurypterida ; but it may be said that they have 
since been observed in Eurypterus fischeri of the Russian Silurian,’ and EZ. scoticus 
from the Pentland Hills,’** in both of which they consist of small chelate appendages 
flexed and limuloid in detail, somewhat reduced perhaps, and enclosed by the 
bases of the succeeding limbs, which become apposed as the anterior end is reached. 
Since by this discovery the Limuloids, Eurypterids, and Scorpionids are brought 
into a numerical harmony of limb-bearing parts, we may at once proceed to 
other points at issue. So far as the broader structural plan of Limulus and the 
Scorpion are concerned, all will agree to a general community, except for the 
organs of respiration ; but concerning the ccelom, the mobile spermatozoa, and the 
more detailed features under which Limulus is held to differ from the Crustacea and 
to resemble the Arachnida, I would remark that motile spermatozoa occur in 
the Cirripedes and Ostracods,'° and that the rest of the argument is weakened, by 
the probability that the ‘arachnidan’ characters which remain may well have been 
possessed by the crustacean ancestors, and that Limulus, though specialised, being still 
an ancient form, might but have retained them. The difficulty does not seem to 
me to lie in this, nor with the excretory organs, if we are justified in accepting the 
aforementioned argument that the so-called Malpighian tubes may be inturned 
nephridia, ectodermal in origin, and in knowledge of the existence of endodermal 
excretory diverticula in the Amphipods.'*' These facts would seem to suggest that 
as our experience widens, differences of this kind will disappear. 

As to the tracheal system, now adequately recognised by the upholders of 
the arachnid theory, the presumed origin of trachese from lung-books, the 
probability that the ram’s-horn organ of the Chernetide may be tracheal,'*? the 
presence of trachese in a simple form in the Acari,'® and, by way of an anomaly, in 
a highly organised form on the tibie of the walking legs of the harvestmen 
{Phalangidz),'** are all features to be borne in mind. While I am prepared to 
admit that this wide structural range and varied distribution of the trachez lessens 
their importance as a criterion of affinity, I cannot accept as conclusive the 
evidence for the assumed homology between lung-books and gills.1 And here it 
may be remarked that a series of paired abdominal vesicles, recently found in the 
remarkable arachnid Kenenia, invaginate as a rule but in one example everted, 
seized upon in defence of this homology, have not been so regarded by one most 
competent to judge. 

There remains the entosternite, an organ upon which much emphasis has been 
placed. Not only does a similar organ exist, apart from an endophragmal system, 
in the Phyllopod Apus, in Cyclops, and some Decapods;* but, regarding the ques- 
tion of its histology, it may be pointed out that from all that is at present known, 
the structural differences between these several entosternites do not exceed those 
between the cartilages ofthe Sepia body.'** And when it is found that the figures 
and descriptions of the entosternite of Mygale (‘Mygale sp.,’ ‘Mygalomorphous 
Spider,’ auct.) have been twice presented upside down!" the reliability of this 
_ portion of the argument is lessened, to say the least. 

Recent observation has sought to clench the homology of the four posterior 
pairs of limbs of the King crab and Scorpion, by appeal to a furrow on the fourth 
segment in the former, believed to denote an original division into two; but I 
hesitate to accept this until myological proof has been sought.!”° 

Returning, amidst so much that is problematic, to the sure ground of paleon- 
tology, I wish to point out that when all is considered in favour of the arachnid 
theory there still remains another way of interpreting the facts. 

In both Limulus and the Scorpion the first six of the eighteen segments are 
well known to be fused into a prosoma bearing the limbs, but while in the Scorpion 
the remaining twelve are free, in Limulus they are united into a compact opistho- 
somal mass. In dealing with the living arthropods, there is no character deter- 
minative of position in the scale of this or that series more trustworthy than the 
antero-posterior fusion of segments. It has been called the process of ‘ cephalisa- 
tion,’ and the degree of its backward extension furnishes the most reliable standard 
of highness or lowness in a given assemblage of forms. In passing from the lower 
to the higher Crustacea, we find this fusion increasing as we ascend : and it therefore 
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becomes necessary to compare the Scorpion with the other Arachnida, Limulus 
with the Eurypterida, in order the better to determine the position of eack in its 
respective series, by the application of this rule. 

As to the number of segments present, variation is a matter of small concern, 
in consideration of the mode of origin of segmentation and the wide numerical 
range—from seven in the Ostracods to more than sixty in Apus—the segments of 
the crustacean class present. 

On the arachnidan side, in the Solifugee but the third and fourth segments are 
fused ; the remaining four of the prosomal series with the ten which remain are 
free. In Kenenia four of the prosomal segments alone unite; the fifth and sixth 
with the rest are free.'** And when we pass to the Limuloids and the descending 
series of their allies, we find it distinctive of the Eurypterida that all the opistho- 
somal segments are free. If we can trust these comparisons, we must conclude 
that the Eurypterida of the past, in respect to their segmentation, simplify the 
Limuloid type, on lines similar to that on which the Solifuge and Kcenenia 
simplify the Higher Arachnid and Scorpionid type, and that therefore if the degree 
of antero-posterior fusion of segments has the significance attached to it, Limulus 
and Scorpio must each stand at the summit of its respective series. If this be 
admitted, it has next to be asked if, in comparing them, we may not be comparing 
culminating types, which might well be isomorphic. 

The scorpions are known fossil by two genera, Paleophonus and Proscorpius, 
from the Silurian of Gotland and Lanarkshire, the Pentland Hills, and New York 
State ; ‘7° while recent research, in the discovery of the genus Strabops, has traced the 
Kurypterida back to the Cambrian, leaving the scorpions far behind.1* One striking 
feature of the limbs of the Paleozoic Eurypteridsis their constantly recurring short- 
ness and uniformly segmented character, long known in Slimonia, Eurypterus, and 
Fterygotus, retained with development of spines in some genera, and for three of 
the five known appendages of the recently described eurypterid giant Stylonurus 
lacoanus.\’? The minimum length observed for these appendages is that of the 
Silurian species ELurypterus fischeri, discovered by Holm in Russia in 1898.17 This 
creature is one of the few eurypterids in which all the appendages are preserved, 
and it is the more strange therefore that the advocates of the arachnid theory 
should ignore it in their most recent account. Allowing for the specialisation of 
its sixth prosomal appendage for swimming, the fifth is but little elongated, the 
second, third, and fourth are each in total length less, by far, than the transverse 
diameter of the prosoma, and uniformly segmented, giving the appearance of short 
antenne. ‘They seem to be seven-jointed, and are just such appendages as exist in 
the simpler crustacean and tracheate forms; and in the fact that their structural 
simplicity is correlated with the independence of the whole series of opisthosomal 
segments they lend support to the argument for isomorphism. 

With this conclusion, we turn once more to the Scorpions, if perchance something 
akin to it may not be in them forthcoming. The Silurian genus Paleophonus, 
especially as represented by the Gotland specimen, reveals the one character desired. 
Its body does not appear to be in any marked degree simpler than that of the living 
forms ; but on turning to its limbs, we find the four posterior pairs, in length much 
shorter than those of any living species, all but uniformly segmented.'” In this 
they approximate towards the condition of the limbs of the Eurypterida just dis- 
missed, and their condition is such that had they been found fossil in the 
isolated state they would have been described as the limbs of a Myriapod, and not 
of a scorpion at all. Indeed, their very details are what is required, since in the 
possession of a single terminal claw they differ from the limbs of the recent 
scorpions as do those of the Chilopoda from the hexapods. 

With this the scorpionid type is carried back, with a structural simplification 
indicative of a parallelism with the other arthropod groups; and while the facts 
do not prove the total independence of the scorpionid and limuloid series, they 
bring the latter into closer harmony with the Eurypterida of the past. They 
prove that the Silurian Scorpions simplify the existing Scorpionid type, on precisely 
the lines on which the Eurypterida simplify the Limuloid; and they do so ina 
manner which suggests that a distinction between the Crustacea vera and the 
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Crustacea gigantostraca (to include the Eurypterida and Xiphosura) is the nearest 
expression of the truth. It becomes thereby the more regrettable that in a recent 
revision of the taxonomy of the Limuloids the generic name Carcinoscorpius 
should have found a place.'78 

I foresee the objection that the antenniform condition of the shorter limbs 
may be secondary and due to change. Thereis no proof of this. Against it, it 
may be said that the number of the segments is normal, and that where nature 
effects such a change, elongation is with the multi-articulate state the only process 
known; as, for example, with the second leg of the Phrynide, the so-called 
second pareiopod of the Polycarpidea, and the last abdominal appendage of 
Apseudes.'"° 

That advances such as we have now considered should lead to new departures 
is a necessity of the case; and it but remains for me to remind you that within 
the last decade statistical and experimental methods have very properly come 
more prominently into vogue, in the desire to solve the problems of variation 
and heredity. Of the statistical method, by no means new, I have but time to 
recall to you the Presidential Address of 1898 by my friend and predecessor in 
this chair, himself a pioneer; and of the experimental method I can but cite an 
example, and that a most satisfactory one, justifying our confidence and support. It 
concerns the late Professor Milne-Edwards, who in 1864 described, from the Paris 
Museum, the head of a rock lobster (Palinurus penicillatus), having on the left 
side an antenniform eye-stalk.'*° | With the perspicuity distinctive of his race, he 
argued in favour of the ‘fundamental similarity of parts susceptible to revert to 
their opposite states.’ The matter remained at this, till, on the removal of the 
ophthalmite of certain Crustacea, it was found that in regeneration it assumes a 
uniramous multiarticulate form; and it is an interesting circumstance that in 
the common crayfish the biramous condition normal to the antennule may occur. 
An example this of a fact which no other method could explain.1*! 

When all is said and done, however, it is to the morphological method that I 
would appeal as most reliable and sound. And when we find (i.) that in certain 
Compound Tunicates the atrial wall, in the egg development delimited by a pair 
of ectoblastic invaginations, in the bud development may be formed from the 
parental endodermic branchial sac ; !** (ii.) that regenerated organs are by no means 
derivative of the blastemata whence they originally arose; 1** (iii.) that in the 
development of a familiar starfish the inner cells of the earliest segmentation 
stages, by intercalation among the outer, contribute half the fully formed blastula ; 1°4 
(iv.) that there are Diptera in existence in which, while it is well-nigh impossible 
to discriminate between the adult forms, there is reason to believe the pupa 
cases are markedly and constantly distinct; it becomes only too evident that 
the later embryonic and adult states are those most reliable for all purposes of 
comparison, and that it is by these that our animals can best be known and 
judged. Caution is, however, necessary with senility and age, since certain 
skulls have been found to assume at this period characters and proportions 
strikingly abnormal,’** and by virtue of a most important discovery, which we 
owe to the Japanese, that in certain Holothurians, the calcareous skeletal deposits 
may so change with age, as to render specific diagnoses based on their presumed 
immutability invalid.** Advance, real and progressive, is in no department of 
zoological inquiry better marked than in comparative morphology, and it is for the 
pre-eminence of this that I would plead. Educationally, it affords a mental 
discipline second to none. 

We live by ideas, we advance by a knowledge of facts, content to discover the 
meaning of phenomena, since the nature of things will be for ever beyond our 


grasp. 


And now my task is done, except that I feel that we must not leave this place 
without a word of sympathy and respect for the memory of one ofits sons, an earnest 
devotee to our cause. William Thompson, born in Belfast, 1806, became in due 
time known as ‘the father of Irish natural history.’ By his writings on the Irish 
fauna, and his numerous additions to its lists, he secured for himself a lasting 
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fame. In his desire to benefit others, he early associated himself with the work of 
the Natural History Society, which still flourishes in this city. He was President 
of this Section in 1843, and died in London in 1852, while in the service of our 
Association, in his forty-sev enth year, beloved by all who Inew him. His 
memory still survives; and if, as a result of this meeting, we can inspire in the 
members of the Natural History and Philosophic Society of this city, as it is now 
termed, and of its Naturalists’ Field Club, an enthusiasm equal to his, we shall not 
have assembled in vain. 
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Sf. Entwich-mechanih, ix. 215, and Hofer, Verhand. deutsch. zool. Gesellsch., 1894, 
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181 Masterman, 7.2.8. Edinb., xi. 380. 18 Thomas, P.Z.S., 1886, p. 125. 186 Mit- 
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The following Papers and Reports were read :— 


1. On British Fisheries’ Investigations and the International Scheme. 
By Professor W. C. McInrosu, I.D., F.R.S. 


Before referring to the proposals for the International Scheme of Fisheries’ 
Investigations in the North Sea, the history of Fisheries’ Investigations in our 
country may be noticed. Few of note occurred before 1883, and more real pro- 
gress had been made in regard to the Salmon than the Sea Fisheries, mainly 
because individual effort could be carried further in the former than the latter. 
Yet it was rather a lack of opportunity than of interest which was responsible for 
this condition of things. The Royal Commission of 1883, presided over by Lord 
Dalhousie, made the first attempt to grapple with the scientific aspects of the 
question, and a series of observations were carried out by the same eye and em- 
bodied in the Report. One result was that a scheme was drawn up, three areas of 
the sea closed, and arrangements made for a series of test-experiments upon which 
future legislation—including closures—was to rest. The important duty of carrying 
out these experiments was entrusted to the Scotch Fishery Board, and special 
instructions were given as to the kind of ship and the kind of trawl necessary for 
their success. Unfortunately, the Scotch Board followed methods of its own, so 
that instead of continuing and extending the observations of 1884, a new set was 
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begun, a set which could be compared with nothing which had been done pre- 
viously, which was then being done, or which would be done in future. The 
Scotch Board, however, did not wait for some decisive results of these experiments, 
but proceeded to close areas and present a Report of its own—which, briefly, 
was to the effect that a considerable increase had occurred in the fishes of the areas 
closed, and therefore it recommended further closures, and this notwithstanding 
the inefliciency of the ship the Board had selected for the experiments. After ten 
- years’ experiments with the same unreliable ship, the Board came to the conclusion 
that, while round fishes had kept up their numbers, flat fishes had diminished in 
the closed areas from the excessive trawling in the regions beyond the three- 
mile limit. Consequently, it looked for important results from its experiments in 
the vast area of the Moray Firth, which has been closed for ten years. It is to be 
regretted, however, that the closure of this great off-shore area has produced no 
other result than is shown in the following quotation from the Board’s Report for 
1900*: ‘The quantity of fishes procured by the Garland is therefore small, and 
furnishes a most inadequate basis for any conclusions as to the effect of the closure 
of so wide an area as the Moray Firth. The incompetence of the vessel for the 
work it was intended to perform—from other reasons than its unseaworthiness— 
has been frequently pointed out in previous reports.’ It is seldom that so candid 
an admission is made (1) of the mistake of purchasing such a vessel; and (2) of the 
validity of the criticisms in the ‘ Resources of the Sea,’ Whilst these remarks are 
made, it has to be borne in mind that the early impressions of the Board, viz., that 
the closure of an area increased its fishes, probably led to misapprehensions, Even 
if it had been practicable to prove this, the methods and materials were inadequate. 
Fisheries have been as variable in the olden time as now, and wherever long- 
continued and accurate observations have been carried out the reasons brought 
forward in support of the impoverishment of the sea are found to be slender. 

A careful survey of the mode in which the important scientific observations 
entrusted to the Scotch Department have been carried out does not inspire 
confidence. 

Certain proposals for the improvement of the Fisheries, as well as those of the 
International Scheme of Fisheries’ Investigations, may now be considered, 

Foremost amongst the former is the necessity for improved statistics. In 
Scotland the records now show what certainly has been taken, but it is doubtful 
if all that has been taken is recorded. The present incomplete state of the statistics 
of the fisheries in England and in Ireland is much more clamant. In dealing 
with the statistics of the fisheries of the United Kingdom, therefore, as a basis on 
which to urge expensive and important measures, great caution is required, and 
this especially applies to the international scheme. 

A necessity exists also for the careful survey of the off-shore and in-shore 
fishing-grounds. The close relation between these has frequently been pointed out 
since 1884 onwards. The life-histories of the food-fishes would thus be advanced, 
and the ambiguities connected with the use of such a term as ‘nurseries of plaice’ 
dispelled. 

But, besides the ordinary off-shore fishing-grounds, the conditions still farther 
from land are important. If, as the writer has often said, the food-fishes, or certain 
of them, stretch far outwards on both shores of the Atlantic, the closure of the 
tiny strip of three miles round the shores of Great Britain is insignificant, 

Such investigations should be undertaken by the central authority, for the sea, 
with its pelogic contents, is not the property of a local committee, but is the pro- 
perty of the nation. 

In the international scheme hydrographical work occupies a prominent 
position, yet hitherto the results of meteorological, hydrographical, and other 
physical investigations in connection with the sea-fisheries have not been of such 
promise as to warrant their being placed in the foreground. The statement that 
it is probable that changes in the water in the North Sea must profoundly affect 
the fishes has yet to be proved. When one reflects that the ways and methods of 
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fishes and the forms on which they feed in the ocean and in the North Sea in 
particular have been for ages as they are, and probably as they will be for ages 
yet to come, this appeal for hydrography, under present circumstances, can scarcely 
be admitted. Irrespective of currents—whether Arctic or Atlantic—the very young 
fishes invariably follow the laws which regulate their appearance at particular 
seasons. Hydrographical and other physical work should be relegated to the 
trained officers on board H.M. ships, and thus relieve the present scheme. 
These remarks are not intended to depreciate the value of meteorological and 
hydrographical work as a field for scientific research. 

In the programme of the International Conference the food of fishes is included 
under general faunistic work. This is unnecessary, for the ocean teems with 
nourishment at all seasons. 

Though not specially recommended, the subject of the artificial propagation of 
marine fishes is mentioned under Clause III. This subject is at present on its 
trial. No result of importance has yet been achieved by the Scotch Fishery Board 
after eight or nine years’ labours and expenditure. In some cases it would appear 
that the transportation of the adults (e.g., soles and plaice) to the region to be 
experimented with would be more satisfactory; as, indeed, was shown at St. 
Andrews in the case of the sole, eight or nine years ago. 

In dealing with the exploration of the fishing-grounds, it is well to note what 
has recently been accomplished in Norway. Dr. Johan Hjort and Dr. Knut Dahl 
have found immense numbers of young gadoids (chiefly cod and haddock) in the 
vast area stretching from the shores of Norway to Iceland and Jan Meyen. This 
is corroborative of the opinions held by the author, and of those expressed here. 
From a fisheries’ point of view the distribution of the important food-fishes, suck 
as the cod, haddock, ling, hake, plaice, turbot, brill, and sole, is of the first import- 
ance in the international scheme, for it is clear, if their habitat embraces much of 
the Atlantic, pigmy measures of closure in the North Sea are of little moment 
in the interests of the fisheries. On the other hand, the practical treatment of 
the immature-fish question should not be a leading motive for the participation of 
Great Britain in the International Conference. 

The scheme of the Conference leaves out the determination of the distribution 
and other features of the food-fishes to the W. of about 10° W. off the greater 
part of the British coast, whilst the only parts coming within its influence are 
the eastern and western coasts of Scotland. The Danish areas also are too 
limited. The determination of the seasonal changes in these limited areas, as 
regards temperature, solenity, currents, food-supply of fishes, eggs, larve, 
young and adult food-fishes, is not of vital importance. Arrangements, more- 
over, are only made for the working of the new steamers in Scottish waters. It 
is doubtful if other available aid will suffice.’ 

Again, it would have been well to make the life-history of the salmon in the 
sea a definite subject of inquiry. This would be greatly aided by the systematic 
marking of smolts and salmon, as Mr. Holt and Mr. Calderwood are now doing. 

In regard to the institution of a central body or department for the three 
divisions of the kingdom, it may be remarked that this was Lord Dalhousie’s idea. 
It presents simplicity in administration, economy in the staff and offices, uni- 
formity in statistics, freedom from local influences, and a wider field for deduction. 
Yet it may be questioned whether the vast area and its complex and eyver- 
varying details could thus be efficiently handled. 

In the case of separate administrative departments in England, Scotland, and 
Treland, each would more readily adapt itself to the wants of the countries. 
The present staff in each country would require reorganisation. 

In considering the question of assistance from the State in fisheries’ researches, 
it would appear to be prudent that all such assistance should be given by the 
Fisheries Authorities (such as the Fishery Board for Scotland in its re-modelled 
form). One, or at most two, marine laboratories efficiently supported and 


' Certain changes, which indicated uncertainty in the original programme, 
appear to have been made at the recent Conference. 
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energetically administered, are sufficient for each division of the country. 
‘ Adequate scientific investigations’ is a term capable of various interpretations 
as a basis for legislation. Experience shows that the most extended and the 
most complete series of investigations in regard to special areas—viz., those of the 
Scotch Fishery Board, by means of the Garland—were not followed by legislation 
on the lines of the results. 

The members of the three separate Boards should be representative of the 
various fishing interests, of legal knowledge and of scientific experience in the 
fisheries, the advice of the Royal Society being taken in regard to the latter.’ 
Each Board should have one efficient ship, a well-equipped marine laboratory, or 
two where these already exist, and a small but efficient staff of scientific 
workers. The Boards should be in constant touch with each other so as to avoid 
duplication. They should retain the control of the scientific fisheries’ researches, 
the necessary organisation for each, and the collection of statistics. District 
committees would be useful in the management of oyster and mussel beds, 
cockle-grounds, and similar departments, but all scientific work in connection 
even with these, and on the salmonoids, should be under the authority of the 
central Boards. 

Finally, and above all, it must be clearly understood that the most expensive, 
most complete, and most skilfully conducted international surveys cannot alter the 
laws of Nature, or cause the sea to hold a larger number of food-fishes at a given 
time than the circumstances of capture and other conditions warrant. Great 
and fortuitous variations have occurred, now occur, and will occur, in the 
abundance of all marine food-fishes. Nothing more may accrue from the most 
searching inquiry. This caution is the more necessary in view of the readiness 
of the Government to launch into the somewhat expensive undertaking of the 
international scheme. Yet there is no fear of the extinction of any species of 
food-fish, especially of those important to man. Furthermore, tishes have 
abounded in the primeval as in the modern seas, although the ravages of the 
gigantic reptilian and other fish-destroyers, which in some cases were distributed 
over the whole expanse of the ocean, could not have been less than even the 
far-reaching methods of man. In neither period has extinction ensued from the 
prevailing agencies, nor is it likely to take place under these conditions in the 
uture, 


2. The International Investigation of the North Sea. 
By Wauter Garstane, IA. 


3. Certain Objections to the Proposed Scheme of International Investi- 
gations of the North Sea. By D. Not Paron, M.D., B.Sc. 


To Great Britain, with its preponderating interest in the fisheries of the North 
Sea, the most important point to be determined by a scientific investigation of that 
area is whether there is or is not a decrease in the number of fish. 

The question considered in the paper is ‘how far the proposed scheme of inter- 
national investigation is calculated to give information of value upon that point.’ 

It is indicated that the work is to be done by a comparatively small number of 
steamers working along certain lines, and that this implies— 

Ist. That conclusions as to the general distribution of fish are to be drawn 
from samples taken from limited areas. 

2nd. That the take per ship—or per capturing unit—is to be adopted as the 
means of measuring the abundance or density of the fish. 


_ The available evidence as to how far the adoption of these methods is justifiable 
is considered. 


1 The Government has in its present scheme entirely avoided the Royal Society, 
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1st. It is shown that the analysis of the Frith of Forth investigations published 
in the Sixteenth Annual Report of the Inspector of Fisheries (‘Sea Fisheries : 
England and Wales’) indicates that the results as to the number and size of fish 
captured in any one area may diverge widely from those obtained in closely adja- 
cent areas. It would thus appear that it is fallacious to draw conclusions from 
such small samples as can be procured by the method to be adopted in the proposed 
scheme. 

2nd. It is pointed out that the take per capturing unit varies with the number 
of capturing units at work as well as with the density of the fish, and that, there- 
fore, it is fallacious to accept it as a measure of the Jatter. This is illustrated by 
the example of the effect of increasing the number of bag nets in a range of nets 
on the take of salmon per net. It is pointed out that the majority of the Norwe- 
gian Commission on Salmon Fisheries fell into this error of accepting the take 
per net as a measure of the abundance of salmon, and that Mr. Garstang, in his 
‘Impoverishment of the Sea,’ also made the same mistake. His Grimsby figures 
are analysed, and it is shown that they do not justify his conclusion that a 
decrease in the number of fish is proved by them. It would therefore appear that 
to accept the take per unit as a measure of the abundance of fish is fallacious and 
likely to yield unreliable results. 

The danger of allowing international investigations, which may be expected to 
lead to legislation for the regulation of our fisheries, to be carried out by such 
unsatisfactory methods is strongly urged. 


4, The Scales of Fishes as an Index of Age.1 By J. Stuart THomson. 


This paper took the form of a lantern demonstration illustrating the new method 
of determining the age of Gadoid fishes by means of their scales, 

The scales of Gadoid and many other fishes show a series of parallel eccentric 
lines which indicate successive increments of growth. These lines of growth have 
been found to be more widely separated in that part of the scale formed during the 
warm season of the year than in the portion formed during the cold season; the 
alternation of the two series gives rise to the appearance of ‘annual rings’ which 
indicate the age of the fish in years. 


5. Report on the Migration of Birds.—See Reports, p. 273. 


6. Report on the Occupation of a Table at the Zoological Station, Naples. 
See Reports, p. 259. 


7. Report on the Occupation of a Table at the Marine Biological 
Laboratory, Plymouth.—See Reports, p. 271. 


8. Report on the ‘ Index Animaliwm.’—See Reports, p. 283. 


9. Twelfth Report on the Zoology of the Sandwich Islands. 
See Reports, p. 284. 


1 The paper will be published in extenso in the Journal of the Marine Biological 
Association. 
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10. Third Report on the Coral Reefs of the Indian Region. 
See Reports, p. 284. 


11. Interim Report on Researches made in the Laboratory of the Marine 
Biological Association of the West of Scotland, Millport. 


FRIDAY, SEPTEMBER 12. 
The following Papers were read :— 


1, Account of his Recent Expedition to the Indian Ocean, including Work 
on the Pearl Oyster Banks of the Gulf of Manaar. By Professor 
W. A. Herpman, F.R.8. 


2. On the Amphipods collected by Professor Herdman. 
By A. O. WatKsEr, /.L.S. 


The collection is contained in about sixty tubes, of which I have only had time 
to examine one. From thisI sorted out what I take to be fourteen genera belonging 
to twelve families. I have no doubt that the collection will prove to be the most 
important yet received from tropical seas. Although the species will no doubt be 
different from those of our shores, yet the general character of those examined did not 
appear to differ greatly from what one would expect to take in five to ten fathoms 
on our shores; but this statement may have to be modified on further examination, 
In point of size they do not appear to differ much from species of the same or 
allied genera on our own coasts. 

The only species identified is Melita cotesi, Giles, the male of which is remark- 
able for having the hand of one of the second pair of limbs enormously developed, 
and the distal margin armed with three teeth. As the colour of the limb is 
pink, the resemblance it bears to a broken bit of shell is very close. The leg 
on the other side is slender and feeble. The use of this limb appears to be 
protective, as Dr. Herdman says the animal buries itself in the sand, covering 
itself with it. The female, however, has no such protection, the second pair of legs 
beiug equal and slender. I may add that I have seen a species common on our 
shores carry a piece of shell when swimming, under which it hides when at rest. 


3. On the Plankton of the Indian Ocean. By Isaac C. Tuompson, 2...8, 


The plankton or general surface material collected by Professor Herdman 
during his recent voyage to Ceylon and while there, was entrusted to me for 
examination. It was contained in fifty-five bottles of three ounces capacity each ; 
the preservative material used was in some cases formol and inothers alcohol. Ten 
of the bottles contained material collected from Liverpool to the south end of the 
Red Sea, fourteen bottles from the Indian Ocean, and thirty-one bottles from the 
Ceylon district, including the pearl banks and the coral reefs. Passing over the 
first-mentioned series I proceed to deal with the material contained in the fourteen 
bottles collected in the Indian Ocean. Professor Herdman’s method of collecting 
material while travelling in a rapid mail-steamer has been described in the ‘ Pro- 
ceedings’ of the Liverpool Biological Society. On this occasion he was fortunate 
enough to have the entire use of one of the bath-rooms. Water was drawn from 
about 12 feet below the surface of the sea into a tank on the ship from which baths, 
&c., are supplied. A tow-net was fixed to the tap, so that all the supply of water. 
ran through it ; by this means it was practicable to collect the material contained in 
the water mostly in good condition from the whole length of the route travelled. 
The material obtained was necessarily restricted to that taken from a depth of about 
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12 feet below the surface ; if that from a greater depth or from the actual surface could 
have been obtained, a much larger variety of fauna would have been secured. The 
plankton obtained was very varied. Diatoms (Coscinodiscus, Biddulphia, &c.), 
Foraminifera (Globigerina), minute Algz (Peridines, Ceratium, &c.), Meduse, 
Pteropods, Radiolaria, Crustacea (Erichthius, Stomatopods, Amphipods, Cirripeds), 
Salpe, &e. 

y far the largest proportion of the ocean plankton secured consists of Copepoda, 
a division of the Entomostraca, and I devoted my examination mainly to this class. 
The amount of plankton taken by tow-net at different places was very unequal, and 
depended upon atmospheric conditions—light, heat, cold, calm, or tempest greatly 
influenced it. From causes difficult to explain, the tow-net was sometimes almost 
empty; at other times it contained masses of one class of life, the other forms pro- 
bably having gone to a greater depth. Copepoda are the commonest, and the most 
widely distributed of all marine life, often constituting the entire mass taken by 
the tow-net. Many of the surface species are buoyed up by their internal oil- 
globules, as in the Arctic Seas, where one species (Calanus finmarchieus), hardly 
one quarter inch long, of red colour, is said to form the sole food of the Greenland 
whale. Most of the bottles contained several thousands of animals, many of which 
required to be dissected with finely pointed needles under the microscope for the 
determination of their species. In the fourteen bottles taken in the Indian Ocean 
I found sixty-four species of free swimming Copepoda, comprising twenty-seven 
genera, many of which had not been previously known in the Indian Ocean, and 
probably some new species not yet determined, As might be expected, they are 
mostly free swimming non-parasitical forms belonging chiefly to the families 
Calanide, Pontellides, Cyclopide, Coryceidx, and Sapphirinide. Swarms of one 
species sometimes occur in a particular gathering. In this connection I may allude 
to Trichodesmium erythreum,a minute reddish-brown Alga mentioned in ‘Darwin’s 
Voyage of the “ Beagle,”’ and common in the Red Sea, which nearly fills one bottle 
collected off the Ceylon pearl banks. When the Ceylon material comes to be 
examined it may probably be found widely distributed. We shall haye a fairly 
complete record of the plankton taken from the entire route traversed when the 
whole collection is examined. 


4. On the Cuttlefishes collected by Professor Herdman. 
By W. E. Hoyts, J/.A. 


5. On Deposits dredged by Professor Herdman in the Indian Ocean. 
Ly J. Lomas, ARCS, FGA. 


The samples of sea bottom, about thirty in number, were collected mainly from 
four districts round the coasts of Ceylon, 8. of Ceylon about Point de Galle, the E, 
coast at Trincomalee Bay, Palk Bay N. of Ramiserram and Adam’s Bridge, and the 
Gulf of Manaar. 

In Galle Bay, from depths of 6 to 8 fathoms, shells with sand were dredged. 
Large drifted shells, such as Arca, Anomia, Ostrea, Cucullea, and Turritella, 
mostly in a rotten condition, made up the bulk of the coarse material, along with 
large barnacle valves and a few sharks’ teeth. Encrustation of Nullipores, Ser- 
pulz, and Polyzoa covered the shells, and Cliona borings were common in those 
shells composed of calcite, while aragonite forms were not affected. 

The finer material, obtained by sifting through a sieve with a mesh of 1 mm, 
contained from 61:41 to 62°52 per cent. of carbonate of lime, and included small 
Molluscs, echinoid spines, plates and anchors of Holothurids, spicules of Aleyonium 
and Leptoclinum, as well as many Foraminifera, such as Heterostegina, Globige- 
rina, Textularia, and Spiroloculina, fragments of Molluscs, Crisia, and Nullipores, 
and as inorganic constituents kyanite, corundum, zircon, rutile, tourmaline, mica, 
and quartz. A considerable amount of coal, in pieces up to 2 inch in diameter, 
well rolled, may be due to accidental causes, 
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From off Belligam two samples were dredged, one, a fine calcareous mud with 
shells, yielding 76°50 per cent. of carbonate of lime, and another, obtained at 
depths of 4 to 6 fathoms, containing many rotten brown shells bored by Cliona, 
Barnacle valves, and Halimeda in fresh condition. 

The fine material in both hauls consists of smooth mud which cakes on drying, 
It contains very few quartz grains. Foraminifera are rare, but spicules of Sponges, 
Ascidians, and Holothurians make up the bulk of the non-caleareous matter, 
Diatoms, especially Coscinodiscus, are fairly abundant. 

Offthe mouth of Trincomalee Bay, at 12 fathoms, Foraminifera sand was dredged 
containing 67°7 per cent. of one form, Heterostegina. Mollusca, including such 
forms as Arca, Trochus, Patella 4°8 per cent., Corals and Polyzoa 0:2 per cent., 
Nullipores 8:0 per cent., while Alveolina (two species) make up 0'9 per cent. 
Echinocyamus occurs sparingly: 16°5 per cent. passed through the fine sieve, and 
this material consists almost entirely of Foraminifera, including Pulvinulina, 
Textularia, Discorbina, Miliolina, and Nummulites. Pteropods, Aleyonium, and 
Sponge spicules are fairly plentiful. The inorganic constituents include quartz 
grains, well rounded and ranging up to 8 mm. diameter, and a black powder much 
of which could be removed by a magnet. The non-magnetic portion was fraction- 
ated by means of the double iodides of mercury and barium, and showed a great 
number of garnets, corundum, tourmaline, and kyanite in the heavier fractions, 
while quartz and a few flakes of mica made up the lighter portions. 

North of Ramiserram, in Palk Bay, where shallow water (6 to 7 fathoms) 
conditions extend over a great area, and where there is an almost complete ab- 
sence of currents, a very extraordinary deposit occurs: it consists mainly of con- 
cretions, irregular in form, with here and there a cast of shell along with a few 
large shells in a fairly fresh but broken condition. The shells include Arca, Car- 
dium, Modiola, Chama, Pecten, Murex, Nassa, and the Pearl Oyster. No double 
valves are found and the calcite varieties are sometimes bored by Cliona. No fine 
material accompanies the deposit. The concretions, however, on treatment with a 
weak acid effervesce strongly and yielda large percentage of fairly coarse sand. 
The casts, which yield 64:80 per cent. of carbonate of lime and 2-2 per cent. of 
phosphate of lime, fall to mud when placed in water, and it was necessary to soak 
in thin balsam and harden before a section could be obtained. Round the peri- 
phery of the casts is a fine layer of calcite, which moulds itself into the inequalities 
of the shell’s inner surface: this is succeeded by a darker layer, and then the whole 
interior is seen to consist of sand grains, quartz, tourmaline, felspar, and zircon, 
embedded in a mass of secondary calcite. The sand grains increase in size on 
proceeding from the exterior inwards, and remind one of the well-known fact that 
when grains of different dimensions are shaken in a basin the finer material sinks 
to the bottom and the coarser rises to the surface. It is probable then that the 
grains were rocked to and fro when in a loose condition inside the shell and the 
cementing took place subsequently. Afterwards, owing to altered conditions, the 
outer shell was dissolved and the east left. It is noteworthy that felspars are 
found in these casts, while they are absent, as a rule, from sea sands. They must 
have been embedded very soon after their breaking away from the parent rocks and 
before kaolinisation had reduced them to clay. 

The inorganic fragments dissolved out by acids and fractionated showed a great 
preponderance of garnets. The heavier portions were pink in colour on this account. 
Other minerals found were corundum, tourmaline, zircon (inclosed in garnet and 
free), kyanite, quartz, mica, and felspar. A number of black grains were composed 
of ilmenite. 

Farther east, and just north of Adam's Bridge, at a depth of 7 fathoms, a fine 
black mud occurs, which on analysis gives :— 


Water and Organic Matter , P . 

Silica F ; : : : . 55°00 3 
Carbonate of Lime . : : , - 3°50 » 
Phosphate of Lime . - 7 = » 2°25 +3 
Ferric Oxide . : " . 410 a 
Alumina . < 2 i He ~, - 15:80 a8 
Magnesia ° . . . . ene 2 
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A few heavy minerals occur, but the bulk is made up of clay with minute grains of 
quartz. Only a few organisms, one Foraminifera, and a small shell fragment were 
found in a sample examined. 

In the Gulf of Manaar banks are found which shallow towards the middle of 
the bay and deepen towards the north and west. 

The middle area of these banks consists mainly of sand yielding carbonate of 
limefrom 3:09 to 7:04 per cent. On the margins, where shell fragments and Foramini- 
fera become more abundant, the percentage increases to 22°20 and 34°32; while on 
the extreme west, where depths of 80 fathoms are found, the amount becoms 76:50 
and 85:86 per cent. Some range up to 92:05 and even 95 per cent. of carbonate 
of lime. 

The sands of the central area include as arule a high percentage of heavy 
minerals, but very little is found in the more calcareous samples. In the Foramini- 
fera sands Heterostegina is exceedingly abundant. It is accompanied by simple 
corals such as Heteropsammia, Polyzoa, Pteropods, the spat of young Oysters, Echino- 
eyamus, Nullipores, a red branching Foraminifera like Polytrema, and Diatoms. 

On the west coast, south of Chilaw, at 83 fathoms, the dredge brought up 
enormous quantities of Nuilipores of a white or greyish colour. These were mostly 
globular in form and ranged up to 2 inches in diameter. On breaking, the interior 
was in many cases red incolour. Sections of these showed fresh growth of the 
plant on the outer margin and broken-down tissue in the interior. Imbedded in 
the plant structure were numerous sand grains consisting of quartz, garnet, tour- 
maline, and magnetite. While these inclusions mostly occur in lines they show 
no selection of grains into sizes. They have probably been inclosed by irregular 
growth on the part of the Nullipore, and some may have filled the crypts formed 
by Lithodomus borings. The breaking up of the tissues and oxidation of the fer- 
ruginous grains account for the red staining of the interior. 

One or two points may be mentioned regarding the deposits as a whole: 

1. Some, such as in Galle Bay and Palk Bay, are evidently very old. They re- 
present the remains of a fauna where solution and chemical changes have been at 
work. The shells left are mostly composed of calcite, not aragonite, and chemical 
analysis shows that many of the shells have become partially converted into phos- 
phate of lime. 

2. In all the cases where Sponges like Cliona have bored into shells they are 
calcite, not aragonite. It would not be safe to assert that Cliona never bores into 
aragonite, but it certainly holds good in those specimens I have examined both 
from the Indian Ocean and other places. 

3. The inorganic minerals which are found in all the deposits such as quartz, 
garnet, kyanite, &c., are stable, and resist dissolving agents. The fact that other 
less resistant minerals are found in casts of shells leads to the conclusion that these 
may have been removed since the sands were laid down. 

4. In drifted deposits a relation exists between the size or weight of the inor- 
ganic and organic constituents. Where large shell fragments are found large 
minerals also occur. This fact might be useful in determining cases where other 
evidence of drifting is not conclusive. 

My thanks are due to Professor Herdman, who has helped me in the determina- 
tion of some forms, and to Mr. C. C. Moore, F.I.C., for the care he has taken in 
analysing the deposits. 


6. Notice of a hitherto unrecorded Element in the Occipital Bone of Seals. 
By Professor CLeLann, /.R.S. 


I have long been aware of the bony element which I now show in the skull 
of a young hooded seal, Stemmatopus cristatus. It corresponds exactly with the 
paroccipital of Owen in osseous fishes.- It articulates behind with the broadest 
part of the supraoccipital, in front with the mastoid, above with the parietal, 
and below with the lateral element of the occipital bone called exoccipital by 
Owen. Ihave not hitherto ‘called attention to it because I waited till I could 
find out if it occurred in seals generally, Sir William Turner has given me the 


: . . 
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penalty of investigating this point, and in specimens in his possession I have 
along with him seen the element in question distinct in Phoca barbata, P. green- 
landica, P. vitulina, P. hispida, and Halicherus grypus; also in Otaria jubata 
and Arctocephalus ursinus. In a young walrus I can make out the exact extent 
of the corresponding portion of bone, but in my specimen no indication is afforded 
of separate ossification. I attach great importance to this osseous element in the 
seals, as it adds a very important argument in addition to the other evidences that 
the paroccipital of the fish is a true occipital element, and that the mastoid. 
recognised by Cuvier and Owen in the fish is homologous with the mastoid of the 
mammal, and that in these matters Huxley was in error. 


7, On the Habits of the Predaceous Flies of the Family of Asilide. 
By Professor E. B, Poutron, /.2.S. 


8. The Development of the Common Sea-wrchin (Echinus esculentus). 
By Professor E. W. MacBripz, D.Sc. 


The paper concerned the results of an investigation which had been carried on 
for the last four years. The difficulty of rearing the larve was first pointed out, 
and the fact that much work had been done on these larvee by zoologists who 
were apparently ignorant of the conditions necessary for their healthy existence. 
Each larva when it had attained the size of a pin’s head required {for its healthy 
existence at least a pint of water changed frequently. The precautions necessary 
for the successful rearing of these larvae would probably lead to good results if 
applied to cultures of larvze belonging to lobsters and other animals of economic 
importance. 

The primary body-cavity, or blastocoele, was shown to contain a thick solution 
of proteid matter, which became thinned as development proceeded ; and as this 
development consisted largely of processes of infolding of the wall of the spherical 
vesicle of which the larva at first consisted, the thinning of the solution might 
bring about a reduction in pressure which rendered the infolding possible. 

The secondary body-cavity exhibited a division into three metameres on each 
side, and there was a larval brain at the extreme front apex, both of which features 
recalled strongly the Tornaria larva of Balanoglossus. 

The development consisted of an enlargement of the middle division of the 
secondary body-cavity on the left side and of the floor of an ectodermic pit which 
had come in contact with it, from which the nerve-ring of the adult was formed. 
This floor became covered with a false floor, due to the union of five interradial 
ridges, from which the ventral surface of the adult was formed. Aristotle’s 
lantern, the masticatory apparatus, was formed from five pockets of the most 
gape division of the ccelom, and was homologous with the perihemal ring of 
asterids. 

The young sea-urchin after metamorphosis went through a stage which might 
be described as the asterid stage, The blood system was a remnant of the primary 
body-cavity adjacent to the gut and infiltrated with the products of digestion. 


9. The Relationships of the Larva to the Adult in the Starfish. 
By Dr. A. T, MasteRmay. 


10. On the Cause of Salmon Disease. By J. HuME PatTTERSON.* 


The previous investigations on salmon disease have gone to prove that it is 
caused by the fungus Saprolegnia ferax, Most of the investigations, however, 


1 Published in egtenso as a Parliamentary Blue Book by the Fishery Board for 
Scotland, 
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were carried out before or in the earlier days of bacteriology, and this perhaps 
accounts for the possibility of a primary bacterial infection being overlooked. 

In 1885 G. Murray published a paper in the ‘Journal of Botany’ in which 
he appeared to give conclusive evidence that Saprolegnia was the true cause of 
the disease, by his experiments on live fish with Saprolegnia taken from diseased 
salmon and grown on dead flies. By rubbing the fish with Saprolegnia thus grown 
he was able to produce the growth of Saprolegnia on a number of the fish, which 
eventually died. At first sight such experiments appear to be pretty strong proof ; 
but when we take into consideration that Murray in his experiments was not 
working with a pure, but a mixed growth, which might have contained numerous 
bacteria as well as the fungus, it cannot be said that such experiments proved 
Saprolegnia to be the cause of the disease. 

What has always struck me as peculiar was that such a fungus as Saprolegnia 
ferax, which grows so profusely on dead tissue, should grow so readily on live 
tissue and cause so much damage, and I have always been inclined to think there 
might be some primary bacterial infection to cause the dead tissue on which the 
Saprolegnia developed. This view was further supported on three diseased salmon 
being received for examination at the sanitary chambers, for, on cultures in 
gelatine being made from them almost pure growths of a very rapidly liquefying 
bacillus were obtained. 

I then resolved to thoroughly investigate the cause of the disease. 

Pure cultures of the liquefying bacillus and Saprolegnia were obtained from 
diseased salmon. Great difficulty was experienced in obtaining pure cultures of 
the fungus, as the mycelium was always covered with numerous bacteria, and it 
was only after numerous cultures had been made that a pure growth was 
obtained. The fungus was grown in flasks containing liver and water, both 
sterile. This medium was found most suitable for obtaining spore formation. 

From the results of the numerous experiments carried out with these pure 
cultures it may be deduced : 


(1) That Saprolegnia ferax is not the cause of salmon disease, as twenty-seven 
fish of different kinds (rainbow trout, dace, river trout, sea trout, and gold-fish) 
inoculated with and kept in direct contact with pure spore-bearing cultures of the 
fungus in every case remained quite healthy, while there was a profuse growth 
in each case on the boiled sheep's liver with which the fish were fed, in some 
cases almost completely filling the jars, showing that the fish had every opportu- 
nity of becoming infected with the fungus. 

(2) That salmon disease is caused by the liquefying bacillus (Bacillus Salmonis 
pestis), as the bacillus was found present in almost pure cultures in all the eight 
diseased salmon examined as well as the infected fish; while experiments showed 
the absence of the bacillus from ordinary dead fish. Five fish of different kinds 
inoculated with pure cultures of the organism all died without showing any 
growth of the fungus. On the other hand, six fish inoculated with pure cultures 
of the bacillus + Saprolegnia all died showing growths of the fungus. Again, ten 
fish inoculated with the fungus + other micro-organisms found in diseased salmon 
remained quite healthy. 

Further proof was also obtained from the cut sections of the fish examined 
microscopically, where the bacillus was seen in large numbers invading the 
healthy tissue, while the fungus, when present, was only observed on the superficial 
necrosed parts. 

The mode of infection appears to be that the bacilli gain entrance to the 
softer tissues of the skin by a wound on the healthy fish or by a degenerated 
mucus gland on the sickly fish, and passing along underneath the skin cuts it off 
from nutrition; the skin thus cut off becomes degenerated and forms a suitable 
nidus for the growth of the fungus. 

(3) Salmon disease is not contracted when the skin of the fish is in a healthy 
state, as two fish not scratched in any way and placed in jars of water containing 
pure cultures of the organism and Saprolegnia remained alive and healthy ; while 
on the other hand a fish placed in a jar of water containing the organism + Sapro- 
legnia, with a layer of finely powdered sand at the bottom, in a very short time 
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contracted the disease and died, showing how easily the skin may be prepared for 
the reception and invasion of the organism. 

The cold season (October to February) is more favourable to the growth of 
the bacillus, as it has been shown to be destroyed at a moderate temperature 
(87° C.) and on the other hand to grow profusely when placed for a week in a 
freezing mixture of ice and salt. 

The experiments have also shown that fish akin to salmon are much more 
susceptible to the disease than others, as rainbow trout, river trout, and sea trout 
when attacked succumbed in from two to four days, while dace and gold-tish died 
in about eighteen days and thirty-five days respectively. 

That dead fish, whether diseased or not, are a suitable medium for the growth 
of the organism and propagation of the disease has been shown by the transmission 
of the organism from diseased fish to healthy dead fish in the same water, and 
also from the dead fish to the living, and I would strongly urge that all dead fish 
and animal matter should, immediately it is observed, be removed from the river 
and burned, not buried, as by burying the organism is left in a condition to be 
again carried into the stream. : 


The chief characteristics of the bacillus are these :— 


A short thick bacillus with rounded ends and actively motile. 
Non-spore-bearing. 

Grows profusely at the room temperature. 

Grows profusely when exposed to 0° C. for a week, 

Shows little or no growth at 37° C. 

Is killed at 37° C. in about six days. 

Liquefies gelatine with extreme rapidity. 

Coagulates and digests milk. 

Grows well in sea-water. 

Forms a cloudiness in glucose agar in the neighbourhood of the growth, 
Strict aérobe. 

{Involution forms, only observed on glucose media, 

Does not stain by Gram’s method. 

Pathogenic to fish. 

Non-pathogenic to frogs, mice, and guinea-pigs. 


SATURDAY, SEPTEMBER 13. 


The Section did not meet. 


MONDAY, SEPTEMBER 15. 
The following Papers were read :— 


1. The Segmentation and Early Developmental Stages of the Australian 
Native Cat (Dasyurus). By Professor G. B. Howss, F.2.8. 


2. Recent Intercrossing Experiments with Dogs. 
By Professor J. C. Ewart, /.2.S. 


8, Flower-like Insects from the Malay Peninsula, 
By Newson ANNANDALE, 


650 ; REPORT—1902., 


4. On Protective Resemblance in the Malay Peninsula. 
By H. C. Rosryson. 


5. Professor E. B. Poutton, F.R.S., exhibited -—(1) Lantern Illustra- 
tions of British Insects in their natural attitudes. (2) Three-colour 
Lantern Slides of Mimiery, Protective Resemblance, Seasonal Forms 
of Butterflies, &c., and opened a discussion on * The Interpretation of 
such Phenomena by the Theory of Natural Selection.’ 


6. Examples of Australian Fauna. By Tuomas Sruut, F.L.S. 


Mr. Steel exhibited and described a collection illustrative of Australian 
zoology. It included a series of the Australian and South African Peripatus. 
He showed an extensive series of land planarians, having especial reference to 
the variation in shape, coloration, and size amongst the different species. 

A complete series of embryos of Dasyurus was also shown, and among the 
other interesting objects were the mole-marsupial Notorocytes typhlops and the 
honey ant, Camponotus inflatus, both from Central Australia, the ant showing 
the condition of distension with honey under which the abdomen becomes so 
inflated that the segments appear like plates attached to a balloon-like body. 


7. Notes on a Specimen of the Pilot Whale (Globiocephalus melas). 
, By Professor R. J. ANperson, 1.D, 


This whale, which has been examined by so many observers, is variously 
described as regards dentition and colour. Murie in his classic figure gives the 
prominent head as behind the level of the anterior part of the muzzle. An 
example of this creature drifted ashore at Roshill, not far from the Round Tower, 
Co. Galway. The cause of the isolation became apparent on examination of the 
carcass. An harpoon wound was seen near the tail root: this reached down to 
the spinal column. The animal escaped after being wounded and after a period 
of wandering reached the west of Ireland and Galway Bay. The animal remained 
warm forty-eight hours after death. The length was 20 feet 6 inches, The 
flippers are not so small proportionally as were those of some large specimens 
described. The dorsal fin is of the usual kind. The very prominent frontal 
convexity reaches farther forwards than the muzzle, so that the mouth is below 
a slight concavity overhung by a great convexity. 

The colour was whitish grey or dirty white. The leading whale has been 
described as very dark in colour and a whole school as cream-coloured. The 
presence of a fin distinguishes this animal from Beluga. A thin pellicle separated 
soon from the rest of the epidermis, which was quite black beneath. 

Teeth twenty-eight, seven on each side, above, and below. Although this 
—10" 

The peritoneum was expected to present some features of interest. The great 
omentum reached far back, containing the small peritoneal cavity which com- 
municates by a foramen of Winslow with the large peritoneal cavity. The 
foramen of Winslow will admit the closed fist. A Globiocephalus examined by 
myself some years ago showed no evident foramen of Winslow. It is evident 
that a weighty peritoneal fold strengthened by a weighty blood-vessel or tube 
might promote the formation of a foramen or even to the freeing of the tube, as 
happens in some animals. Rathke noted the early absence of a mesentery in 
some fishes, even at a very early age. The origin of the small sac was shown by 
J. Miller to be connected with the enlargement and turning over of the stomach. 
It is possible that friction and the strong vascular cords may aid in producing this 


number seems large and unusual, Mr, Beddard fixes the limit at forty 10 
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sac also. Professor Robinson of Chicago has suggested that fluid pressure is a 
powerful aid to friction in producing burse. With this view his evidence will 
Induce most people to concur. 


8, The Connection of the Anterior Inferior Angle of the Parietal Bone 
in Primates. By Professor R. J. ANDERSON, J.D. 


The extension of the parietal bone has evidently so important a bearing on the 
development of the brain that its dimensions are regarded as important aids in 
estimating the grade of the animal. The breadth of the bone compared with the 
length becomes also remarkable in the higher types. 

Notice the antero-posterior diameter in Strix, which is to the lateral as 9 : 10. 
The frontal is scarcely involved in this broadening in proportion to its breadth. 
The length to the breadth is 25:10. But this superficial increase, as in Gallus, 
if taken as an index of brain growth, is delusive, for the thickness of the bone is 
considerable. The parietal ina young ostrich is almost as thick as it is long, 
and gives a thickness of 12 mm. to a length of 14mm. The length of the brain 
cavity is 18mm. In fishes the discrepancies are of course further increased by 
the accumulation of excessive growth of the skull and the fluid which reacts, so 
that the skull ceases to be an index of the brain inflation. It is evident that in 
the highest types the occipital and frontal supplement the parietal efficiently. 
The interparietal itself is perhaps an occipital element (Meckel). The parietal is 
4:2 cm. in Capybara compared with length of cavity of 9°5. The side con- 
nections of the parietal become of great moment in the highest groups. Sphe- 
noidal ale and squamosal aid the parietal to a varying degree. It is of 
importance of course to bear in mind the various functions allocated to sphenoidal, 
temporal, and even frontal before the parietal has yet joined them. So that 
progress of ossification is apt to be affected differently in different groups and in 
different members of the same group. The portions of the parietal and temporal 
covered by the temporalis have evidently a force that tends to bring these bones 
into unison, but in its early associations the squamous is materially different. 
The ale of the sphenoid are even less concerned, and the diversion of ossific 
material appears to take place with greater facility, and in the lines of suture 
of the parietal remain long incomplete, especially at the angles. It is, however, 
remarkable that the lines of suture are not more variable in position than they 
are. A slight modification in position may perhaps not be regarded as of great 
significance. But any variation that leads to an alteration in the articulation of 
the anterior inferior angles of the parietals must be of importance. Taking a few 
examples :— 


The Kangaroo, Dugong, Leo, Ursus polaris, Hyena, Canis, Cystophora, Felis 
eatus, Galago, Lemur, Mycetes, Cebus, Pithecia, Hapale, Gorilla (?), Orang, Man, 
Macacus rhesus (some), Semnopithecus entellus (some), Hylobates hainanus, all 
have a parieto-sphenoidal articulation, The articulation varies in length; in a 
Mycetes it was 3 inch. 


The following, viz., Orang (?), Hylobates miilleri, Homo (occasional), Semno- 
pithecus obscurus and entellus (some), Macacus cynomolgus (some), Macacus 
rhesus (some), have not parieto-sphenoidal sutures. 

The following, Loris gracilis, Semnopithecus leucoprymnus, Gorilla (?), have 
a parieto-sphenoidal suture which is not well marked and is sometimes reduced to 
@ point, 
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The temporal touches the jugal in Hylobates miilleri, and thus shuts off the 
parietal, which also touches the jugals from the sphenoid. 

The same arrangement almost takes place in Tarsius spectrum. 

The Cynomolgus, mentioned above as not having a parieto-sphencidal suture, 
has two small Wormian bones in the naso-frontal fissure. In the Homo above 
alluded to the temporo-frontal suture is 20 mm. long, and the sphenoido-frontal 
ll mm. There are Wormian bones in the lambdoidal suture. 

There are Wormian bones in the naso-frontal suture of the leucoprymnus 
referred to above, where the premaxillary bones almost reach the frontals. 

The parietal and sphenoid touch the jugal in Hapale jacchus and some other 
American monkeys. 

This arrangement arises from the forward extension of the parietal, excluding 
the frontal from the sphenoid, and then the forward extension of the temporal 
may exclude both frontal and parietal from the sphenoid. 


9. Notes on the Habits of the Onuphidide (Polycheta) and on the Internal 
Structures with which they Fortify their Homes. By Arnoxp T, 
Warson, /.Z.S. 


The Onuphidide are closely allied to the Eunicide, from which they are dis- 
tinguished, amongst other things, by their always dwelling in deep water, whilst 
the Eunicidz are often found between tide-marks. 

Observation of the British forms, Hyalinecia tubicola and Onuphis conchilega, 
while living in captivity, shows them to be errant worms, moving from place to 
place and carrying their tubes with them. These tubes are open at both ends, 
but the animal protects itself from the attack of enemies by constructing within, 
at either end, membranous valves, on the principle of the valves in a vein, the 
open ends of the pockets of which are directed outwards, so that by inrush of the 
sea-water the valves are automatically closed on retreat of the inmate. 

In the quill-like, chitinous, transparent tube of Hyalinecia the valves existing, 
or which have existed, are indicated by the ornamental V-shaped or zig-zag 
markings. 

The valves of Onuphis conchilega are much more delicate in structure, 
but nevertheless are distinctly demonstrable in the internal membranous tube, on 
removing with a weak acid the shelly covering which forms the scabbard-like 
sheath. 

Very perfect valves of the kind described were also found in the tube of 
Nothria pycnobranchiata, obtained by the ‘ Challenger’ Expedition from a depth of 
2,225 fathoms. 

The habits of animals living at so great a depth can, of course, only be con- 
jectured, but there is reason to think that, like the British species, these members 
of the family may be errant worms. 

The paper was illustrated with lantern slides, and will be published in full by 
the Liverpool Biological Society. 


10. On an Acelous Turbellarian inhabiting the common Heart Urchin. 
By R. T. Lerrer. 


The turbellarian described in this paper was found by me in the accessory 
canal of about 8 per cent. of the specimens of Echinocardium cordatum 
occurring at Millport, N.B., several examples being usually present in the same 
host. 

It is whitish and moderately translucent in appearance, leaf-like in shape, 
obovate when contracted, lanceolate when extended, the blunt end being anterior, 

When fully extended it measures in length 2°5 mm.; in breadth, transversely, 
0:6 mm.; dorsiventrally, 0°2 mm. 

The microscopical structure is described in some detail, an interesting and 
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characteristic feature being the presence of a large digestive vacuole occupying 
the anterior middle fourth of the body, and lying above but not in immediate 
continuity with the mouth. 

No vagina or spermotheca is present, the ova being extruded by the rupture of 
the cuticle at a short distance in front of the penis owing to an ever-increasing 
growth pressure. 

In some points this turbellarian resembles Béhmigia ; it possesses, however, no 
female accessoria; a similar absence obtains in the genus Haplodiscus, from which 
also it differs in the following not unimportant details :— 

(1) Shape. 

(2) Parasitic habitat. 

(3) Mouth situated in the anterior fourth. 

(4) Paired testes in the lateral parts of the body. 

(5) No defined vasa deferentia. 

(6) Penis with chitinous knob-like armature. 

(7) Presence of a large dorsal vacuole. 


Attention is drawn to the present classification of the Accela. It is suggested 
that the family Proporide, comprising all Accela with one genital opening, be 
subdivided into two sub-families. 


(1) Proporina, including the genera (a) Proporus, (b) Monoporus, (c) Bohmigia, 
i.e., those Acwla with a common genital atrium. 

(2) Avaginine, consisting of (a) Haplodiscus and (>) the genus presently 
described, these having male accessoria only. 


TUESDAY, SEPTEMBER 16. 
The following Papers were read :— 
1. Some Remarks on the Atlantis Problem. By R. ¥. Scuarrr, Ph.D. 


Since the dawn of early history the question of the existence of a continent 
beyond the ‘ pillars of Hercules’ has occupied the mind of man. Our very earliest 
records of this mythical land were derived from a narrative which has been 
handed down to us by Plato. According to it, Solon is said to have visited Sais 
in Egypt, and there to have heard from priests of the ancient ‘Empire of 
Atlantis’ and of its overthrow by a convulsion of Nature. This Atlantis was 
then spoken of as a vast land lying beyond what we now call the Straits of 
Gibraltar, and it is supposed to have been inhabited by a mighty race of people. 
Plato’s story has called forth quite a flood of literature, not only in ancient times ; 
éven within the last score of years many pamphlets and books have been pub- 
lished dealing with this attractive problem. Some authors have sought to 
discredit the veracity of Plato’s assertions, while several, and among them 
Humboldt and Sir Daniel Wilson, were of opinion that the tale rests on some 
historic basis. Others again have utilised the original story and connected it with 
their own ideas of a land-bridge stretching right across the Atlantic from Europe 
to America. 

The Atlantis problem, however, was only raised to scientific importance when 
modern research revealed the fact that the living as well as the extinct flora and 
fauna of Europe have quite a number of types in common with North America. 
Unger was the first to put forward the view, from a purely scientific reasoning, 
that the Atlantic Islands, that is to say, the Azores, Madeira, and Canary Islands, 
formed part of a land-connection which stretched right across the Atlantic and 
still preserved some of the plants which invaded our Continent from the New 
World. Heer hailed this hypothesis with delight, while Andrew Murray adopted 
it ina somewhat modified form. Edward Forbes also occupied his fertile mind 
with the problem, but could not convince himself that the vast land which 
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had evidently occupied a portion of the Atlantic had any connection with 
America. Wollaston, too, who had a most intimate knowledge of the Atlantic 
Islands, strongly supported the view that their fauna reached them across dry 
land. 

Imbued, however, with the idea of the permanence of the great ocean basins, 
Wallace vigorously attacked one and all of these theories, and contended that 
there was not only no connection between Eurcpe and America across the 
Atlantic, but that the fauna of the Atlantic Islands was derived from the adjoining 
continents of Europe and Africa by winds and marine currents. The weight of 
the arguments brought forward by Wallace silenced all critics for a time, and the 
influence of his views is traceable in most of the more recent writings on the 
subject. But, since some leading geologists have expressed themselves against 
the theory of the permanence of the great ocean basins, the older views of a 
possible land-connection between Europe and the Atlantic Islands, and also 
between Europe and America, are again discussed. I have therefore collected 
together a number of facts regarding the distribution of animals which had not 
hitherto been utilised, in order to make a renewed attempt from a zoological point 
of view to solve the Atlantis problem. 

The results of my investigations tend to show that Madeira and the Azores 
are the remains of an ancient tertiary area of land which was joined to Europe, 
and that it probably became disconnected in Miocene times. Since then this land 
once more became united with our continent, and may not have been finally 
severed until the Pleistocene period. As regards the question of a land-bridge 
across the Atlantic, many reasons can be given in favour of suchatheory. It 
must, however, have occupied a position farther south than the land just alluded 
to. Uniting North Africa with Brazil and Guiana in early tertiary times it 
probably subsided during the Miocene period, leaving only a few isolated peaks 
as islands in the midst of the vast ocean which has since replaced it. 


2. Diagram of the Skull of Mastodon angustidens, 
By Dr. C. W. Annrews, B.A., £.G.8., £.Z.8. 


The especial interest of the diagram exhibited lies in the fact that it corrects 
those}figures of M. angustidens previously published, notably that by Professor 
Gaudry, which shows the tusks curving upwards like those of an ordinary elephant. 
The downward direction of the tusks in this early proboscidean is particularly 
interesting as being a primitive character derived from the early ancestral form 
Meritherium, lately discovered by the author in Egypt. In this it is clear that 
the tusks are merely an enlarged pair of second incisors, and there seems no 
reason to doubt that in Paleomastodon, Mastodon, and the later elephants the 
upper tusks are homologous with those teeth. 

Another remarkable character of the early mastodons is the immensely elon- 
gated mandibular symphysis, which is prolonged far beyond the upper jaw, and bears 
a pair of procumbent incisors which terminate in a chisel-like worn surface. Con- 
sidering that they project far in front of the upper jaw, and lie between the widely 
divergent upper tusks, it is difficult to see what they worked against unless it was 
a hard surface on the ventral face of the proboscis, 


3. The Breaking-up of Coral Rock by Organisms in the Tropics. 
By J. STANLEY GARDINER, J/.A. 


The problem is mainly of interest from the bearing that it has on the forma- 
tion of the lagoons of atolls out of flat surface reefs, There are two classes of 
animals—those which bore into coral or coral rock and break it down into small 


1 A full account of the action of boring and sand-feeding organisms will be 
found in Lhe Fauna and Geography of the Maldive and Laccadive Archipelagoes, 
Camb. Univ. Press, vol. i., pt. 3, pp. 333-341 (October 1902). 
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fragments and stones, and the sand-feeders, which further grind these up into fine 
sand and mud. Both these series of forms are extremely scarce on the outer slopes 
of atoll reefs, while they are the most abundant animals found within the lagoons 
of our atolls, First the boring alga, Achyla, and the sponge, Cliona, penetrate the 
living corals, extending into every septum andspine. They weaken the coral, and 
so riddle it that it is then easy for the boring Polycheta, such as Polydora and 
Eunice, to enter. Following these come various Sipunculid worms, the bivalve 
Lithodomus and the cirriped Lithotrya. A wave breaks off the coral mass, leaving 
a bare surface, which more of the boring animals at once take advantage of. The 
fallen coral mass is broken down into smaller and smaller fragments by the boring 
animals. Then the sand-feeders come into action and grind up the coral frag- 
ments into sand. Chief among these may be mentioned the sea-slugs, Holothuria 
atra and Stichopus chloronotus, which appear to retain within their guts the 
coarser fragments of the sand, while the finer particles are swept out along their 
ciliated grooves. Other forms are Sipuncudus, numerous sea urchins, and Ptycho- 
dera, the mound-like casts of the latter of which form a most conspicuous feature 
of the landscape at low spring tides. Much of the finer material must pass into 
suspension in the water, and be swept out of the atoll by the tidal and oceanic 
currents, while the smaller the sand grains the greater the area they present for 
solution. It will thus be clear what an important bearing the study of the boring 
and sand-feeding animals has on the formation of the lagoons of atolls. 


4, The Early Development of Muscles and Motor Nerves in Lepidosiren. 
By J. Grawam Kerr. 


Development of the Myotomes.—The conversion of the inner wall of the 
myotome into a muscle-segment takes place in Lepzdosiren in a manner closely 
resembling what happens in Amphiorus and Petromyzon. I have been able to 
make out the details of the process fairly completely. 

In early stages of development the inner wall of the myotome consists of a 
simple layer of very large epithelial cells, columnar in transverse sections, but 
really forming rectangular parallelepipeds somewhat'compressed in a dorso-ventral 
direction and sloping inwards and downwards. The muscle-fibres appear as fine, 
highly refracting, rod-like diflerentiations of the protoplasm, running longitudinally 
from end to end of the muscle-cell, and conspicuous by their staining deeply with 
Heidenhain’s iron hematoxylin. These fibres become visible about stage 26, and 
they are at first as a rule confined to the dorsal and ventral faces of the cells, 
forming thus in each cell two layers, a dorsal and a ventral. Fibres also develop 
between the outer ends of these layers, so that now tbe fibres in each cell show a 
D-shaped arrangement in transverse sections. 

As development proceeds other fibres arise in the protoplasm lying within 
the limbs of the D-shaped arrangement, until the cell body is to a great extent 
filled with the fibres. 

The mass of contractile fibres does not extend to the outer end of the cell. 
This is occupied by clear protoplasm containing one or more large vacuoles. 
Whether these contained glycogen in the fresh condition I cannot say. 

Up to stage 31 the outer wall of the myotome remains a simple layer of 
cubical cells. About this period, however, active multiplication of the cells takes 
place, and in transverse sections several layers of nuclei are seen. In horizontal 
sections, also, numerous nuclei are seen scattered through the whole distance 
between anterior and posterior boundary of the myotome. No cell limits are 
visible, but we may take it possibly that the cell territory presided over by each 
nucleus extends the whole length of the myotome, for now (stage 31 +) striated 
muscular fibrils begin to appear in the protoplasm between the nuclei, stretching 
quite continuously the whole length of the myotome. In somewhat shrunken 
transverse sections each bundle of fibrils is seen to be contained in a sheath of 
protoplasm containing a nucleus at one side, the whole forming a somewhat 
cylindrical ‘cell’ stretching from the one myoseptum to the other. In life 
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probably these elements are prismatic and fit closely together, the cylindrical 
form being due to shrinkage. The outer wall of the myotome increases much in 
thickness, becoming eventually considerably thicker than theinner. About stage 35 
there can be distinguished in the myomere two layers of muscle—derived from the 
two walls of the myotome, the inner and the outer, and differing decidedly in their 
characters—the muscle-cells of the outer layer being long thin cylinders, as has been 
described ; those of the inner being, on the other hand, flattened parallelepipeds. 
The bundles of fibrils of the outer layer are also separated by more abundant 
protoplasm, with more numerous nuclei. A further difference, probably due to 
the active metabolism involved in the multiplication of the nuclei and the growth 
of the layer in thickness, is that the outer layer is practically free from yolk- 
granules, while the inner is still richly provided with them. 

About the stage just mentioned, however, the blocks of fibrils of the inner 
series become irregular in outline, as seen in transverse section, they are con- 
stricted in places, and finally separate completely into more or less isodiametric 
masses resembling those of the outer series. By about stage 36+ the whole of the 
muscle-bundles in the myomere have assumed the same character, z.e., the 
character at first possessed by only the outer series. 

The main features of myotome development recorded above are of especial 
interest in regard to two points: first, in the close resemblance that the early 
stages bear to the equivalent phenomena in Amphiovus and Petromyzon; secondly, 
in the striking way in which Lepedosiren agrees with Balfour’s view in regard to 
Selachians, that the outer wall of the myotome takes part in muscle formation, 
a view given up almost entirely by recent workers. 

The Neuromyoeptthelial Cell—There remains to be mentioned a phase of great 
morphological interest, which occurs transiently in the muscle-cells of the inner 
wall of the myotome. It has been recognised for Amphioxus and Petromyzon 
(Rabl, Hertwig, Maurer) that in an early stage of development these muscle-cells 
are definite myoepithelial cells. 

This is similarly perfectly clear in Lepidosiren; but here I have found an addi- 
tional important detail—namely, that at least some of the myoepithelial cells are con- 
tinued at their inner ends into tail-like processes continuous with the motor-nerve 
trunk, Each cell is, in fact, neuroepithelial as well as myoepithelial in character. 

The Motor Nerves—The method of development of the peripheral nerve- 
trunks is one of the most disputed questions in vertebrate morphology. Of the 
various views which have been held on this subject the one which is predominant 
at the present day is that associated with the name of His—namely, that the 
peripheral nerve-fibre is an outgrowth from the central nerve-cell, that it grows 
outward from this origin, and eventually becomes joined up to its end-organ. 
Hensen long ago suggested that, on the other hand, the end-organ and the nerve- 
centre are joined up from the beginning. This view, though still held on mainly 
theoretical grounds by several embryologists, has lacked the support of definite 
observation. Lepidosiren happily during its development shows facts which may 
almost be regarded as demonstrating the truth of Hensen’s view in its main prin- 
ciples as regards the motor nerves, In tracing back the motor trunks of the spinal 
nerves I reached a stage in which the faintly tibrillated trunk was ensheathed in a 
nucleated mass of protoplasm of mesenchymatous origin. It seemed as if the 
nerve-trunk were becoming differentiated out of the strand of mesenchyme—that 
it developed exactly after the fashion described by Sedgwick for Selachians. 
Pushing back my investigation to earlier and earlier stages, however, I was 
astonished to find the nerve-trunk rudiment well developed, while there was as yet 
no trace of its ensheathment of mesenchyme. Eventually a stage was reached at 
which the myotome and the neural tube were still in close contact, and where, of 
course, it was practically impossible to demonstrate the existence or non-existence 
of connecting bridges between the two. Fortunately I had when in South 
America been able to excise numerous embryos of this stage from the egg during 
lite, to spread them out in one plane under normal salt-solution, and in this 
position to subject them to the action of the fixing agents. On examining trans- 
verse sections of such embryos I found that the myotome had become slightly 
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drawn away from the neural tube, and examination of series of sections brought 
out the fact that the rudiments of the motor trunks already connected myotome 
and central nervous system at this period of development—before they had begun 
to recede from one another with the interposition of mesenchyme. Lepidosiren 
thus affords a definite anatomical basis for the view that the nervous bridge 
between nerve-centre and end-organ exists from the beginning, and that the growth 
of the nerve is a drawing out of this bridge as the end-organ is pushed away by 
the development of underlying mesenchyme. 

Ihave so far been able only in the case of the motor trunks to trace them 
back to this stage ; in the case of some of the sensory nerves of the head I have 
got back to the stage in which the nerve-trunk appears to be developing in its 
sheath of protoplasm. and I have no doubt that in time research will show that 
this stage is preceded by exactly the same stages as is the case with the motor 
nerves, 

The motor trunk in the earliest stage which I have seen has the appearance of 
a simple protoplasmic bridge. It is very thin, and there is no obvious appearance 
of fibrillation, What happens to it within the wall of the neural tube observation 
does not show. In well-preserved specimens the wall of the neural tube shows 
no structure except nuclei closely packed in granular protoplasm, in which cell- 
boundaries can scarcely be distinguished. At its outer end the nerve-trunk splits 
up and is continued into the substance of the muscle-cells. 


5. The Development of Xenopus (Dactylethra). By E.J. Burs, B.Sc. 


6. Haperiments on the Axolotl : Adaptations to Life in an Alkaline Medium, 
By HE. J. Burs, B.Sc. 


7. On the Insect Fauna of some Irish Caves. 
Sy Grorce H. Carpenter, B.Sc. 


Only a few of the numerous caves in the limestone districts of Ireland have 
as yet been searched carefully for a living fauna, but these have already yielded 
results of considerable interest. The present communication deals With the 
Springtails (Collembola) that have been discovered in the Mitchelstown Cave, 
near Cahir, Co. Tipperary, and in the Dunmore Cave, near Kilkenny. 

Au exploration of the former cave in 1857 by Haliday and Wright resulted 
in the discovery of many specimens of a white blind springtail that was doubtful 
identified with the Carniolan cave species, Lipwra stilicidii, Schiddte. This 
insect is now known to be identical witi the widespread L. inermis, Tullberg, a 
species that inhabits both caves and the upper world in many parts of Europe 
and North America. All the species of this genus, whether in caves or above 
ground, are destitute of eyes. 

All the Irish caves seem to be inhabited by Tomocerus tridentiferus, 
Tullberg, and in this species pigment and eyes appear to be always well 
developed. 

Heteromurus margaritatus, Wankel (=Templetonia cavernicola, Car- 
penter), a pale blind species, inhabits both Mitchelstown and Dunmore caves. 
This form is widespread in the Continental caves, and has not yet been discovered 
ale ground. But it is closely allied to H. nitidus (Lempleton), that occurs in 
mould. 

Pseudosinella cavernaruwm (Moniez) abounds in the Mitchelstown Cave. 
This is a blind white species that was first discovered in a deep cavern in the 
South of France, It has since been found in quarry-tunnels and in ants’ nests in 
Scotland, and under stones on fields in Norway. Its congener, P. alba 
(Packard)—hitherto unrecognised in the British Isles, occurs in Dunmore Cave. 
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This species, though white, has well-developed paired pigment-spots on the head, 
each with two ocelli. It is known to inhabit North America, Norway, and South 
Germany. 

Smynthurus coecus, Tullberg, is a very interesting blind species from the 
Mitchelstown Cave. It has been found also in an old quarry-tunnel near EKdin- 
burgh, and in mould in Northern Europe. 

It seems that the only Irish cave-insect that can at all probably be considered 
blind and degenerate as the result of life in the darkness is Heteromurus mar- 
garitatus, which is, perhaps, the modified descendant of H. nitidus. If so, the 
form must have been independently developed in the different caves it inhabits. 

Such insects as Smynthwrus coecus and Pseudosinella cavernarwm are 
evidently very ancient species that have become almost exterminated in the 
upper world, but are able to hold their ground in the caves. It has lately been 
suggested by Verhoeff that cave-faunas, as a whole, are survivals, rather than 
special modifications, Certainly the Irish cave-fauna, so far as it has yet been 
investigated, affords support to this view. But the richer fauna of the Continental 
caves must probably be, in part at least, due to modification. It would appear 
that the origin of cave-faunas is a more complex question than is usually 
imagined. 


8, On the Significance of the Embryonic Cell. By Professor C. 8. Minor. 


9. The Bird-fauna of Ireland as affected by its Geography. 
By R. J. Ussuer. 


The position of lreland being remote from other countries, its maritime coun- 
ties chiefly mountainous, its interior containing many lakes, and three-fourths of 
its area being under grass or moor, coupled with the smallness of its manufac- 
turing districts and the absence of persecution of birds except as game, the result 
is that species breed numerously and extensively here as compared with England ; 
for example, Stonechat, Dipper, Golden-crested Wren, Grey Wagtail, Goldfinch, 
Siskin, Twite, Lesser Redpoil, Corn Bunting, Chough, Magpie, Hooded Crow, 
Peregrine Falcon, Red-breasted Merganser, Rock Dove, Golden Plover, Wood- 
cock, Common Snipe, Dunlin, Curlew, Arctic Tern, Little Tern, Common Gull, 
Great Black-backed Gull, Black Guillemot, Storm Petrel, and Manx Shearwater. 

Among the winter visitors, too, are many wildfowl, Swans, Geese, Ducks of 
both groups, which resort to the estuaries of the north and west, to desolate 
moors, and to lakes and islands in prodigious numbers. JLimicole, as the Turn- 
stone, Purple Sandpiper, Sanderling, Greenshank, and Bar-tailed Godwit, and the 
Great Northern Diver linger on into May, or even through the summer, on the 
north and west coasts. 

Other species which breed in Britain are absent from or limited in Ireland. 
Among the absent species are the Nightingale, Dartford Warbler, Reed Warbler, 
Marsh Warbler, Bearded Titmouse, Crested Titmouse, Nuthatch, Tree Pipit, 
Cirl Bunting, Tawny Owl, Capercaillie, Black Grouse, Ptarmigan, Red-legged 
Partridge. 

The following do not breed in Ireland, being rare occasional visitants or scarce 
migrants :—Lesser Whitethroat, Red-backed Shrike, Pied Flycatcher, Wryneck, 
Woodpecks (all the British species), Common Buzzard, Hobby, Eider Duck, 
Turtle Dove, Stone Curlew, Ruff, Great Skua, Richardson’s Skua, Fulnar. 

Eight birds have a restricted breeding range in Ireland, viz., Whinchat, Redstart, 
Garden Warbler, Wood Wren, Yellow Wagtail, Tree Sparrow, Jay, Stock Dove. 

Among the occasional visitants the British list contains a large number that 
have never been recorded from Ireland. 

The result is that the Irish list of birds contains much fewer species than those 
of Great Britain. 

The Common Buzzard, the Bittern, and the Capercaillie have been exterminated 
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by man; but the absence of other birds seems to be due to the fact that they have 
never established a footing in Ireland at all. 

Among the birds of Ireland there are two groups specially characteristic of 
their resorts as (1) certain Ducks, Waders, Gulls, and Grebes which breed on the 
lakes and bogs; and (2) the rock-breeding birds of the coast, including the Chough, 
Raven, Eagles (rare), Peregrine, Cormorants, Rock Dove, Oyster-catcher, Gulls, 
Auks, and Petrels. 

The chief sea-bird colonies are on the Saltee Islands, Lambay, Rathlin, Horn 
Head, Tor More, North Mayo Cliffs, the Bills of Achill (where some fifty pairs of 
Great Black-backed Gulls nest), the Cliffs of Moher, Loop Head, the Blasket 
Is'ands, the Skelligs, and the Bull and Cow Rocks. 

Arctic Terns have their largest colony on Roaninish Jsland, co. Donegai. 

There is considerable similarity between the bird fauna of the Scottish and 
Trish coasts ; while the abundance of the Hooded Crow and the frequency of the 
Siskin and Twite in both countries are other points of resemblance. 

- The most southern breeding-haunts in Europe of the Common Gull and of the 
Red-breasted Merganser are in Co. Kerry. 

The northern affinities of the Irish avi-fauna are limited, for neither the Hider 
Duck nor several North British waders, the Skua nor the Fulnar, breed in Ire- 
land; but the following are among the species that have often visited Ireland 
from the high North: Mealy Redpoll, Greenland Redpoll, Snow Bunting 
(commonly), Snowy Ow], Rough-legged Buzzard, Greenland Falcon, Snow Goose, 
King Duck, Sabine’s Gull, Glaucous Gull, Iceland Gull, Pomatorhine Skua, 
Buffon’s Skua, Little Auk. 

The following North American species have been taken in Ireland, the figures 
representing the number of their occurrences :—American Bittern (13), Surf Scoter 
(G), Hooded Merganser (4 or 5), Lesser Golden Plover (1), Pectoral Sandpiper (3), 
Bonaparte’s Sandpiper (1), Bartram’s Sandpiper (2), Butf-breasted Sandpiper (2), 
Spotted Sandpiper (1), Red-breasted Snipe (2), Eskimo Curlew (1), Bonaparte’s 
Gull (1). 

Besdies these, seven American land birds have occurred, but on these doubt has 
been thrown, as having possibly had assisted passages. Six Antarctic and oceanic 
species have been recorded—Yellow-billed Sheathbill (possibly escaped), Noddy 
Tern, Wilson’s Petrel, Little Dusky Shearwater, Great Shearwater, Sooty Shear- 
water. The two latter occur numerously in some seasons, late in summer, along 
the coasts of Cork and Kerry. 


Migration Routes. 


Immigrant birds arrive on the coasts of Ireland mainly in two directions, 

(1) The summer migrants and most of the passerine winter immigrants land 
on the south and east shores. Many visitants on arriving there seem to travel 
onwards along the coasts of Waterford, Cork, and Kerry, and this accounts for the 
large number of rare birds that have been taken in the estuarine valleys of Co. Cork, 
Vast numbers of small birds belonging to common species accounted residents 
arrive in autumn on the south-eastern shores to pass the winter in the mild 
climate of the south, There is a second immigration of these in spring.! 

(2) Those winter visitants that come from the far north arrive chiefly on the 
coast of Donegal, and pass down the west coast of Ireland, while some pass to the 
east coast by the North Channel. The White Wagtail in spring passes up the 
west coast. 


Increase of Certain Species. 


The following have settled in the country as breeding species and are increas- 
ing :—Magpie (since the seventeenth century), Missel Thrush (100 years ago), 
Woodeock (since 1833), Starling, Tree Sparrow, Shoveler, Crossbill, Redstart, 
Tufted Duck, Stock Dove. Many woodland birds too have increased. 


Migration of Birds (Barrington), published by Porter and by Ponsonby, 1900. 
uUU2 
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Decrease of Species. 


The Crane abounded in the twelfth century, the Capercaillie until the eighteenth 
century, the Bittern bred in the nineteenth century, the Common Buzzard until 
about 1888, the Red-throated Diver until about 1896, while the Woodlark, 
Raven, Marsh and Hen Harriers, Golden and White-tailed Eagles, Quail, and 
Roseate Tern are approaching extinction. 

The Great Auk appears to have been at one time not uncommon on several 
parts of the Irish coast, for Mr. Knowles has discovered its remains in Co, Antrim. 
I have found the bones of six or eight individuals on the Waterford coast, and 
other bones have been obtained in 1902 in Co. Clare. In each case the remains 
of Great Auk were found in kitchen middens, with other bones used for food by 
the ancient inhabitants, by whom this bird was evidently captured. 


10. On the Structure of the Scales in the Cod. 
By H. W. Marert Tims, B.A., ID. 


The development of scales in various fishes has been described by several 
writers, notably by Hertwig and Klaatsch, the latter dealing also with many of 
the morphological aspects. There is, however, an almost entire absence of 
detailed observations as to the structure and pattern of the fully formed scales, 
and some of the transitional stages in the growth of the scale appear to have 
escaped observation. 

Through the kindness of Professor Macintosh, F.R.S., I have been enabled to 
work at this subject during the past few weeks in the Gatti Marine Laboratory at 
St. Andrews. 1 have confined my observations in the first instance to the scales 
of the Gadids, the species examined being G. virens, G. morrhue, G. pollarchus, 
and G. leucus. The younger stages were taken from Professor Macintosh’s rich 
stores, while the older were mostly from material freshly caught. 

The formed scale is a compound structure consisting of a fibrous stratum upon 
the upper surface of which are situated numerous ‘scalelets’ arranged in lines 
radiating from a more or less homogeneous centrum. The form of these scalelets 
varies somewhat in the different species, and to a certain extent in the same 
species at different stages. It is the presence of these structures that gives the 
‘sculptured’ or ‘ringed’ appearance to the scales, but these terms, though 
frequently applied, are misleading. 

The fibrous stratum is readily exposed by treating the scale with a dilute 
acid, when the scalelets are to a great extent dissolved off, or their remains easily 
removed by scraping. The fibresare arranged in definite layers: (i.) a superficial 
in which the bundles are concentric ; (ii.) a deep layer in which the individual 
bundles interlace with one another at right angles, each set running diagonally to 
the long axis of the scale. A third layer, the fibres of which form an irregular 
network, is possibly present, but it is much more difficult to demonstrate. This 
fibrous stratum stains readily with any of the ordinary reagents. 

The scalelets, placed upon the upper surface of the fibrous stratum, are them- 
selves covered with a delicate epidermis, which is likewise easily stained. They 
consist of flattened, imbricated, calcareous plates. If the epidermis be gently 
removed and the whole scale be placed for a few minutes in borax-carmine, the 
scalelets become barely tinged with the stain, more particularly in the younger 
stages. If, however, the latter be previously treated with an acid, they stain 
rather more freely. This leads to the inference that in the earlier condition they 
are more thoroughly calcified, or rather, perhaps, that in the later stages they 
contain a larger amount of organic material, and thus stain somewhat more 
readily. 

Between the radiating lines of scalelets the deeply stained fibrous stratum is 
seen, resembling the spokes of a wheel. In an early stage, before the scalelets 
become imbricated, the fibres may also be noticed as transverse bands passing 
between the individual plates of a row. 

On examining a section of an undecalcified scale the scalelets are seen to be 
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for the most part implanted in sockets on the upper surface of the fibrous 
stratum with a varying inclination. Those at the centrum appear to have fused, 
forming a horizontal plate, while at the periphery of the scale they are almost 
perpendicular. In a section through the skin of a green cod about 4 cm. long, 
the individual scalelets are quite isolated. Each consists of a basal plate, from 
the upper surface of which projects a minute spine, thus resembling a small 
placoid scale. Such a condition is only evident in materia] from which acid has 
been rigidly excluded. This condition does not appear to have been previously 
noted; the figures given by Klaatsch and others being similar to those which I 
obtained from material which had been passed through acid alcohol, and which 
do not show the true nature of the scale. 


WEDNESDAY, SEPTEMBER 17. 


Discussion upon Mimicry and Natural Selection. 
Opened by Professor E. B. Poutton, /.2.S. 


The following Paper was read :— 


Some Remarks on Early Development of the Head kidney in Polygordius 
and Eupomatus. Dy C. SHEARER. 
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Section E.—GEOGRAPHY, 


PRESIDENT OF THE Szcrron-—Colonel Sir T. H. Hoxpicg, C.B., 
K.C.LE., F.R.GS. 


THURSDAY, SEPTEMBER 11. 
The President delivered the following Address :— 


The Progress of Geographical Knowledge. 


WirtH so large a field as that which is embraced by geography before us, I feel a 
little doubtful which way to turn in order to gather into one short space both the 
scattered records of recent geographical history and to present to you at the same 
time illustrations of some fixed principle which in the course of the development 
of our geographical knowledge must govern the progress of it. Last year you 
heard trom Dr. Mill a most excellent summary of the present phase of that 
development in this country. You heard not only of great activity in the wide 
world of the unexplored and unknown, but of new efforts to train up a fresh 
generation of explorers; of new schools springing up amongst us; fresh evidence 
of the faith that is in us that geographical knowledge points the road to commer- 
cial success ; happy intimations of the existence of a yet higher faith—the faith 
which believes that scientific knowledge of the world’s physiology is worth the 
getting for its own sake, whether it paves the way to golden success or not. And 
now, whilst recalling the chief geographical events of the year that has passed ; 
whilst counting the landmarks on the road to a higher geographical education, I 
would also claim your attention for a brief space to a few technical problems 
which beset the business aspect of future procedure, and which so long as we make 
it our boast that we belong to the biggest empire in the world ought most 
certainly to attract our earnest attention. 

The unknown world is growing daily smaller. It is, indeed, narrowing its 
area with a rapidity which is absolutely regrettable. If you think of those 
delightful days when the men who went ‘down to the sea in ships’ brought gold 
and ivory to the steps of Solomon’s Temple, believing that beyond their nautical 
ken all the rest of the world was but flat emptiness; or even centuries later when 
Marco Polo’s truthful tales of Asia were discredited as wild fables; or again in 
almost modern times when Vasco da Gama bent his knees in pious prayer ere 
starting on the buccaneering venture which was to change the destinies of the 
Kast, you will find it almost impossible to look at the well-turned-out maps of 
to-day, wondering where next it may be possible to strike a new feature or unfold 
a new vista to geographical enterprise, without something like a sigh. But it is 
with the world as we find it mapped to-day that we have now to do, searching 
out the position of such blank spaces as still exist and considering the best means 
of dealing with the vast area of its half-exploited surface so as te obtain the best 
results for the time and labour spent on completing our knowledge of it. 
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Antarctic Prospects. 


To the Polar regions we naturally turn first, for they form the special domain 
of modern initial exploration. We are very far yet from having elucidated the 
great geographical problems of sea and land distribution which lie hidden under 
the depths of palzocrystal ice. We only know indeed from inference that at one 
end of the world there exists an unmapped sea, and at the other an unmapped 
continent, round the edges of which we are even now feeling our way. When the 
‘Discovery’ left Port Lyttelton, New Zealand, on December 24 last for the 
South Polar regions, this was the quest which, in the modest language of her 
originator, Sir Clements Markham, lay before her: ‘To determine as far 
as possible the nature and extent of the South Polar lands’ and to ‘conduct a 
magnetic survey.’ If we look at the unexplored area of these South Polar lands as 
a whole and examine the plan of international geographical campaign which has 
now been directed against them, we shall find, I think, that the present enterprise 
is by far the most complete and systematic, as it is the most scientific, that has 
yet been undertaken in the Far South. It is impossible but that great results 
should be attaned from so complete an investment of the unknown continent. 

With the ‘ Discovery’s’ investigations, which will be directed to Victoria Land— 
the land of the historic volcanoes Erebus and Terror—from the side of Tasmania 
and New Zealand, will be associated at least three other expeditions, all aiming 
at a final solution of the South Pole problem. From South America Otto Nor- 
denskidld’s expedition has taken the shortest sea route past. the South Shetlands 
to Graham’s Land, and has already passed a winter amidst the ice. From South 
America, again, the Scottish expedition under Bruce will work its way past the 
Sandwich Islands, skirting the Antarctic Circle, some fifty degrees to the east of 
Nordenskiéld, almost on the Greenwich meridian, and as nearly opposite as pos- 
sible to the ‘ Discovery’s’ attack from the other side of the Pole; whilst between 
the two will be the German expedition of the ‘Gauss,’ pushing southward about 
the meridian of 90° E., a worthy rival in scientific equipment to our own ship 
the ‘Discovery.’ And there is no branch of scientific inquiry which will be ad- 
vanced by this international attack on the great unknown southern land of more 
interest than that which pertains to the history of the world’s geography. Inde- 
pendently of securing a firmer outline to the vague definition of southern land 
areas of the present day, it is there that we hope to find evidences of another 
distribution of those areas in primeval times. Shall we be able to trace the 
Patagonian formations, those recent basaltic lavas which overlie trees, beyond 
that point in Graham’s Land where we know that they occur again, to the Aus- 
tralian side of the Southern Pole? Shall we find that Erebus and Terror are but 
the natural extension of that magnificent array of volcanic cones which overlook 
the Pacific from the Patagonian Andes? Will the Miolania, the great turtle of 
Patagonia—not unknown in Australia—complete with his bones anotber link in 
that chain of many evidences that Patagonia and Australia once met across the 
extreme south? You may say this is not geography. I hardly know whether 
in these days it is still necessary to plead that between geography and natural 
sciences, whether of geology, biology, or anthropology, the connection is so inti- 
mate that in the actual field of research it is impossible to disconnect them. 
Modern geography is but a development, and whilst the process of its evolution 
is perhaps to be found in strictly geological fields, it has so modified and in- 
fluenced the problems of life and the distribution of it throughout the world that 
a collector of facts like myself finds it convenient to accept, for the mere sake 
of simplicity, the science of geography as the best basis for divergent inquiries 
into many other scientific fields, which can be differentiated at leisure by the 
natural philosopher. 


Necessity for Study of Geographical LHistory. 


But whilst we are justified in expecting much from this great international 
movement we must still moderate our expectations, We must admit that in the 
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field of purely naval exploration we have not the same developments in mechani- 
cal and instrumental accessories which place within our reach the possibility of 
conducting land expeditions on far more scientific and exact methods than were 
possible to our grandfathers. Wireless telegraphy, for instance, will not yet 
enable a ship fast bound in Arctic ice to determine her longitude, and the restless 
ocean still precludes the use of many of the more finely graduated instruments 
which are essential to the exact measurements pertaining to triangulation. 
Methods and instruments, indeed, will not differ materially from those adopted by 
Franklin or by Ross more than half a century ago. Better instruments of their 
class no doubt are within reach, owing to the extraordinary accuracy of modern 
production ; but better hands to hold them it would be impossible to find. We 
are often so pleased with ourselves in these days that we are apt to forget 
what has been done by our geographical forerunners in the same field as our- 
selves. I have but lately returned from a journey full of geographical interest 
which has carried me over some of the tracks left many years ago by a British 
scientific expedition to the South Seas, which will be ever associated in the 
memory of all geographers with the names of Charles Darwin, and H.M.S. ‘Beagle.’ 
With the wider scope for gathering information which is afforded in these days by 
the growth of civilisation and the shooting out of its long tendrils into the waste 
places of Patagonia, it has been possible to verify some of the suggestions as to 
the structure and geographical configuration of that southern continent which 
were offered by the observations of Darwin, and to examine here and there, in 
some detail, the results of recent local surveys in testing the accuracy of the 
coast outline and of the coast soundings established by the ‘Beagle.’ Of tho 
former I can only say that they seem to me prophetic; of the latter, so little 
change has taken place in South Awerican coast configuration during the last 
fifty years that practically the charts of the ‘ Beagle’ are the charts of the Chilian 
and Argentine Admiralties of to-day, with hardly a noticeable variation. Such 
magnificent results as were achieved then are hard to beat at any time. We do 
not hope to beat them. We can only hope to imitate them. ‘They stand good 
for all time, and it is useful to recall them now and then in order to emphasise a 
truism which is occasionally overlooked by modern geographical explorers. It is 
not the most recent work in the field of exploration which is necessarily the most 
valuable. One of the great sins of omission in modern exploration is that of a 
failure to appreciate the efforts of preceding geographers in the same field of 
research as ourselves—the want of a patient absorption of all available previous 
knowledge before we attempt to add tothe sum of it. We are notall of us gifted 
with the patient determination of that great traveller Sven Hedin, who spent 
three years in reading about Central Asia before he wrote a word on the subject. 
It cannot be too strongly urged in these days of narrowing fields for activity 
that although geographical research is essentially an active function of an active 
life it demands yet more and more, as time goes on, the application of the scholar 
added to the determined energy of the explorer. 


Contraction of the World’s ‘ Terra Incognita.’ 


It is, however, when we leave the high seas with their almost inexhaustible 
store of unexplored ocean floors and icebound coast-line, and turn from oceano- 
graphy to the more familiar aspects of land geography that we find those spaces 
within which ‘ pioneer’ exploration can be usefully carried to be so rapidly con- 
tracting year by year as to force upon our attention the necessity for adapting our 
methods for a progressive system of world-wide map making, not only to the re- 
quirements of abstract science, but to the utilitarian demands of commercial and 
political enterprise. 


Asia. 


Take Asia, for example: nearly half of the great continent pertains to Siberia, 
and within the limits of Russian territory the admirable organisation of her own 
system of geographical exploration leaves no room for outsiders to assist usefully, 
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even if political objections did not exist. In Central and Southern Arabia there is 
undoubtedly still much to learn, but of the remaining countries which intervene 
between the Mediterranean and India, of Persia, Afghanistan, and Baluchistan, it 
can only be said that the work of the geograpbical pioneer has already ended 
where that of the engineer and surveyor has commenced. In the Furthest Kast 
again—in Manchuria, China, Tonkin, and Siam—there is much more room for the 
practical exploration of the road and railway maker than there is for the irre- 
sponsible career of the geographical traveller. The highway from China to India 
is almost as well known as that from London to India, and the activity of railway 
enterprise in the south of Asia bids fair to rival the triumphs of Siberia. It 1s 
only in the central deserts of Mongolia and the wastes of Tibet spreading 
southwards to the Himalayas that we can find untrodden areas of any great 
magnitude, and even in Central Asia before venturing on a statement of future 
possibilities in the field of exploration, it would be well to wait for the records 
of that most intrepid traveller, Sven Hedin, who promises us material of scien- 
tific and historical interest as the result of his last three years’ travel far in 
excess of the monumental contributions which he has already made public. 
Historically the interest of the world of inquiry in Asia where we find the origin 
of the great races of the world and the birthplace of all religions must always be 
immense; but that history can only be elucidated by a clear illustration of the 
great highways of the Continent which were open to the vast migratory move- 
ments of mankind in prehistoric periods. We do nct in the least understand the 
condition of climate, nor are we quite certain even of tbe relative distribution of 
land and water in High Asia in the days when its swarming population first began 
to flow south and west, carrying the elements of a language which we have been 
accustomed to regard as primeval into the swamps and plains which lay beyond 
the Himalayas or the Caspian. Itis only through geographical research that some 
dim outline of those early stories can be realised ; and although the researches of 
Stein and the marvellous discoveries of Sven Hedin around the ancient lake 
district of Lob Nor will, after all, only throw the world’s history back for a few 
centuries, it is by means of these first steps backward that we can feel our way to 
an appreciation of the earlier processes of this phase of human evolution. Nor in 
the interests of utilitarian commercial speculation is geographical research in Asia 
yet to be set aside. We indeed know comparatively nothing of its resources in 
mineral wealth. It is quite within the bounds of possibility that one of the great 
central treasure houses of nature lies enveloped in the geological axis of the highest 
mountains of the world, and that we may yet be enabled to explain why every 
river which flows from Tibet washes down gold in its bed. But this will only be 
when the Tibetan Lama is prepared to shake hands with the Uitlander ; and I fear 
that recent South African history will not encourage the embrace. Meanwhile 
there is no more promising field still open to the bond-fide explorer than that of 
Tibet and the farthest ranges of the Himalayas. Few people are aware how vast 
an extent of the Himalayan area still remains untrodden by any European. This 
is due to no want of enterprise on the part of our Indian surveyors and political 
officials. It is due partly to physical inaccessibility, and partly to that intense 
(and easily understood) objection to the interference of the stranger in which 
many of our transfrontier neighbours permit themselves to indulge. Nevertheless 
would I commend to those who still desire to walk in the rough and thorny path 
of pioneer geographical discovery a similar enterprise to that of our aforetime 
Secretary, Mr. Douglas Freshtield, who lately succeeded in passing beyond the 
bounds of official exploration into the Eastern Himalayas. We have had many 
travellers in the Himalayas, but they have not always distinguished between the 
cing pleasures of romantic adventure and the earnest pursuit of geographical 
usiness. 


Study of Glaciers. 


_ To Mr. Freshfield we certainly owe an introduction to a new vista of great 
Scientific interest in the study of the formation and movements of glaciers. Here, 
perhaps, we are treading gently on the skirts of geological science ; but I have nevet 
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yet found that part of the world where the careful study of local geographical 
conformation will not inevitably invoke an inquiry into geological construction. 
We must accept the inevitable criticism and go on with our glaciers. Where in 
the world can there be such an area for research into the conditions of glacial 
formations as is presented by the Himalayas? I grant the physical and political 
difficulties in the way to-which I have referred, but still well within the limits of 
our own red border there are glaciers yet to be studied, which if not the largest 
are yet large enough to satisty the loftiest aspirations, and beyond that border the 
difficulties of approach are lessening day by day, and are no longer so formidable 
that they need hinder the steps of any determined explorer. 


South American Glaciers. 


The speculative interest in glacial movements and their influence on the geo- 
graphical conformation become far greater when one moves in a country which 
has been recently shaped and polished, grooved and fashioned, by glacial action ; 
when huge blocks of granite or porphyry, standing sentinel over terraces and ancient 
glacier-beds, witness to the passing of icebergs in prehistoric seas. Such conditions 
one may find in two widely separated areas—viz.,in the Pamirs and in Patagonia. 
‘What causes led to the formation of the first vast ice-cap of which the glacier is 
the latest evidence? what caused its disappearance, its reappearance? why are 
the glaciers again withdrawing from the mountains? and what causes the uni- 
versal process of modern desiccation, of which there is such ample evidence in 
the Pamirs, in Baluchistan, in Patagonia? It is to the Himalayas that we 
turn first for an answer to this question ; but there are other fields almost equally 
promising, and one of them is to be found in South America. No one now can 
pretend any longer that we know nothing of Patagonia. Probably no country in 
the world has been described by so many geographers in so many different 
ways; there, at any rate, is a land of glaciers and snowfields awaiting research 
which presents few of the physical difficulties of the Himalayas. Here is a won- 
derful country truly, where glaciers reach down to the sea in low latitudes, 
casting little icebergs into waters fringed by green banks of fuchsia and myrtle 
and of bamboo; where the laurel grows into magnificent timber, competing with 
the Patagonian beech for root-hold on the moss-covered soil. The round grey 
heads of the granite hills, scratched and seamed by a discarded ice-cap on one 
side of the narrow straits balance the snow-bound peaks of the Cordilleras on 
the other. No physical difficulties bar the way to the investigation of glacial 
phenomena amidst some of the most striking coast scenery in the world. Near 
the parallel of 51° 8. are two Patagonian lakes closely associated—Argentina and 
Viedma—which offer opportunities for the study of glaciers such as are probably 
not to be found anywhere else in the same latitude. For here the phenomenon of 
disappearance is in the stage of natural illustration. Glaciers are disappearing 
rapidly which but a few years ago seemed to be a permanent feature of the sur- 
rounding mountains, and the lake surface is chequered with their débris. There, 
too, may be studied for hundreds of miles northward the natural sequences of 
their disappearance—the formation of freshwater lakes and their gradual desicca- 
tion in turn—whilst all around there is the continued story of geographical evolu- 
tion due to the alternate forces of glacial and yoleanic action written in gigantic 
characters on the face of Nature. 


Central South America. 


Not very much has been added of late years to our practical knowledge of the 
hidden depths of Central South America except from the inexhaustible mine of 
information possessed by that eminent geographer Colonel Church. A Brazilian 
expedition in 1890; the explorations of a commission sent to investigate the inte- 
rior with a view to the establishment of new political capital to Brazil in 1892-93; 
the discoveries of Dr. Ramon Paz in 1894, and a chequered journey in the Valley 
of the Orinoco by Stanley Paterson in 1897, form the principal records of modern 
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days. There is doubtless much which is of the greatest commercial and poli- 
tical interest still to unravel in connection with the geography of the great river 
basins of the continent. But in South America we are threatened with perhaps the 
greatest development of what I may call artificial geography that the world has ever 
seen. Not only will the consummation of the Panama Canal project change the 
whole system of our western sea communications, and probably exercise a more 
enduring effect on the world’s commerce than even the Suez connection between 
East and West, but the possibilities of linking up by a central canal system the 
three great river basins of the South—that of the Orinoco, the Amazon, and the 
Plata—is under serious consideration, and the mere project will in itself lead to 
an exhaustive examination of much untravelled country. Thus, even South 
America no longer offers a large field for the geographical pioneer of the future. 
With its narrowing areas of terra incognita and its almost phenomenal advance 
towards a leading position as the pastoral and meat-producing quarter of the 
habitable globe ; with possibilities of development in this particular line probably 
exceeding those of Australia, New Zealand, and South Africa all put together, 
it is surely high time that South America turned her attention towards a com- 
bined and sustained international effort to place her scattered and most insufficient 
geographical surveys on a sound geodetic basis extending through the whole 
continent. 


North America. 


In the geographical fields presented by North America, as also by Australia, 
magnificent as are the opportunities for acquiring that personal acquaintance with 
the great depositions of nature which environ new conditions of life, and shape 
the course of human existence to its appointed ends, or, in other words, to acquire 
a geographical education from original sources of instruction, there is but little 
opening for the enterprise of the pioneer who aspires to show the way into new 
fields. There is no lack of native enterprise in colonies peopled by the stout- 
hearted descendants of generations of explorers. Neither Canadians nor Aus- 
tralians wait for England to show them how to develop the resources of their 
own country, or pilot the road to new ventures. On the contrary, we have to 
turn to Canada now for instruction in the higher art of geographical map- 
making, and to admit that England has been lett far behind in the development 
of the special branch of science which deals with the illustration of the main 
features of geographical configuration in relation to their geological construction. 


Africa. 


In Africa the advance of our knowledge of the main outline of the geogra- 
phical features of the continent has been so rapid since the days when the Nile 
was first traced to its source by Speke that a perfect network of explorers’ lines 
of travel now embraces the continent in its meshes, and it is only in the inter- 
mediate spaces that room for enterprise on the part of the pioneer is left, even if it 
may not be said altogether to have vanished. A reference to the little map pub- 
lished by Mr. Ravenstein in the ‘ Geographical Journal’ for last December will show 
you at once that the hydrography of Atrica has been fairly well traced out in all 
its main arteries, leaving but few unexplored spaces of any great extent; and 
that such spaces, where they occur within the area which is especially open to 
Englishmen, demand an organiséd system of exploration more complete in its 
results, more carefully balanced in its relation to the geographical illustration of 
those lands which are beginning to form centres of civilisation than can be secured 
by the process of pioneer route making. In short, we want a system of geo- 
graphical surveying allied to those systems which have been perfected after 
years of careful experiment by Canada, or Russia, or France, or by England in 
India. This, however, brings us into a field of technical inquiry of great import- 
ance, into which, so far as it deals with geography, 7.c., with the measurement of 
the earth’s surface and the illustration of its configuration by means of maps, 
I propose to enter briefly in this Address. 
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Modern Requirements in Geographical Map-making. 


You will agree with me that geography in the abstract, without illustration— 
the geography which used to be taught by geography books without maps—is but 
a poor and inefficient branch of academic knowledge, hardly worthy even of an 
infant school. It does not matter what branch of this comprehensive science you 
approach, whether it is historical, or physical, or political, mudern or ancient, the 
only substantial presentment of the subject to man’s understanding is that which 
has recourse to map illustration. Words (especially words bearing such indefinite 
applications as our modern geographical terminology) can never convey to the 
imagination the same substantial illustration as maps convey to the eye. You 
may think that all this is mere truism; so it may be; but I assure you that what 
I may call descriptive geography, that is to say, geography without the aid of 
maps, has more than once nearly precipitated national disaster in quite modern 
times—disaster quite as perilous as any which in military fields has been caused 
by blank, wholesale ignorance of the features of a country in which strategic 
movements are undertaken. There comes atime in the history of every developing 
country when the increase of its people, and the consequent distribution of land, 
demands surveys for the purposes of fiscal administration. Consequently such 
surveys are common everywhere; and from these have been built up, piece by 
piece, like a child’s puzzle, the geographical maps of many half-occupied lands, 
illustrating only such portions as are adaptable to economic development, and 
leaving blank all that promised to be unproductive and unprofitable. 


Teld of Geodesy. 


It was only when it was discovered that the sum total of such a production was 
apt to cause great confusion in land assessment, inasmuch as it often did not equal the 
actual area of the land distributed, that there arose a school of mathematicians who 
concerned themselves with determining the dimensions and figure of the earth, and 
founded that apparently complicated system of primary map-making which 
now takes count of such matters as the curvature of the earth’s surface, the con- 
vergency of meridians, and other spheroidal problems which affect the construc- 
tion of the map. Thus arose ‘ geodesy,’ and geodesy has numbered amongst its 
apostles many of the greatest mathematicians of the age. Geodesy, the science 
which deals with exact measurements, was never an embodiment of abstract 
mathematical investigation. It had alwaysa utilitarian side to it, and it is uofortu- 
nate that this view of the science has been occasionally lost sight of in late years. 
For we have not done with geodetic investigation yet. Magnificent as are the 
results obtained by the mathematicians of the past, there are still further refine- 
ments to be introduced into those factors which we daily use for the reduction of 
our terrestrial observations ere we obtain perfect mathematical exactness (if we 
ever attain it) in our results ; and we still must look to the processes of geodesy to 
give us that backbone, that main axis of indisputable values from which our 
network of triangulations may spread during the first steps in geographical map- 
making. Toa certain extent geodesy is the support of technical geography, and 
a short inquiry into its present conditions of existence may not be out of place. 

It is to North America that we must now turn for instruction in the latest 
development of the science, and to South Africa that we must look for its future 
application. Russia has not lost sight of the necessity imposed on her for an 
extension of her magnificent European geodetic system through the vast breadth 
of her Asiatic possessions, but we ourselves in India are concerned nowadays 
rather with scientific observations on collateral lines, and with the collating and 
perfecting of the results attained by the great achievements of past years, than 
with any developments in fresh fields of geodetic triangulation. Germany and 
France, ever alert where colonial interests are concerned, are busy in Africa, but 
I am not prepared to say how far their geographical efforts are based on the strict 
principles of geodesy. 

In North America, along the meridian of 98° through Texas, Kansas, and 
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Nebraska, geodetic triangulation still forms one of the most prominent schemes of 
modern work undertaken by the Coast and Geodetic Survey; and in South Africa 
there is growing northward into the Transvaal slowly, but we hope surely, the 
framework of a gigantic are which one day will be extended by Sir David Gill 
from the Cape to Cairo. 

I am anxious to impress on you that the science of geodesy is not a science of 
the past. It is still active, and with all its refinements of minute accuracy 
and exact precision in observation and in calculation, it should be the initial 
mainstay, and it must be the final court of appeal, as it were, for all those less 
rigorously conducted surveys of the reconnaissance and exploration class which we 
term geographical. 

But this accurate framework, this rigorously exact line of precise values. which 
ultimately becomes the backbone of an otherwise invertebrate survey anatomy, 
is painfully slow in its progress, and it is usually haunted by the bogey of 
finance. It does not appeal to the imagination like an Antarctic expedition, 
although it may lead to far more solid results, and it generally has to sue im forma 
pauperis to Government for its support. 


Geographical Surveys. 


And thus it happens that long before the tedious and expensive processes which 
are involved in the term geodetic triangulation can possibly be carried to an effective 
end the cry goes up for a geographical survey. It is wanted by the administrator 
to whom it is all important that he should know the roads and river communica- 
tions, and the productive areas of the land he has to administer, and be able to 
locate the various tribal sections or peoples with whom he has to deal. In the 
political department a geographical map may be said to be absolutely necessary for 
the political purpose of defining limits and boundaries. It has been, I am aware, 
occasionally dispensed with, but never with satisfactory results. To the officer on 
whom rests the responsibility of preserving peace and good order it is most 
desirable that the military features should be fairly represented in such a manner 
that at least a general plan of action can be arranged at short notice. For the 
economic development of the country it cannot be too strongly urged that a general 
geographical outline of its surface is indispensable to the selection of lines for 
special technical examination, whether for roads, railways, canals, or telegraphs. 
How often lately in the history of our colonial or frontier progress have vast 
sums been expended on special lines of railway in ignorance of the fact that 
better alignments of infinitely less physical difficulty would have been at once 
revealed by a general geographical map even on the smallest scale? In short, 
the cheapest, the quickest, the surest, indeed the only satisfactory method of 
regulating the progression of public works, the development of commerce, the 
proper recognition of the frontier boundaries, the administration of justice, and the 
military control of a large and growing colony, or of a long stretch of military 
frontier, is to be armed with a perfect summary of what that country contains in 
the shape of a geographical map; and yet it is only quite lately that this fact 
has been recognised by English administrators and English generals in their 
dealings with new colonies and new frontiers. Russia learnt the lesson a genera- 
tion ago at least. When she reached out a hand for Constantinople her army 
was accompanied across the Balkans by whole companies of surveyors, who worked 
on no sketchy system of indicating lines of route here and there. They pushed at 
least seven series of triangulation across the mountains, and on that as a basis they 
mapped the whole country in detail on a good military scale (about an inch per 
mile) right up to the very gates of the Turkish capital. For years her brigade 
of topographers has been busy along her Afghan and Siberian frontiers, In 
Persia, Baluchistan, the Pamirs, and China, wherever in fact there may be in the 
future some prospective view of a closer political, commercial, or military interest 
than exists at present, there they are to be found. France has always been 
strong in the geographical field, and the late achievements of Frenchmen in the 
world of exploration and of exploratory map-making are only equalled by the 
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scientific knowledge and literary ability displayed in their technical literature on 
the subject. Colonel Laussedat’s contribution to the ‘ History of Topography ’ is 
to be reckoned with as a standard work. In Canada and North America we have 
perhaps a practical exposition of the art of geographical surveying which is as un- 
equalled in completeness and comprehensiveness as the country with which it has 
to deal is unequalled as a subject for its application. There the close association 
between geological structure and geographical conformation is so fully recognised 
that the same technical process of surveying is applied for the purpose of the double 
illustration. The Canadian geological survey is their geographical survey, and 
I think that it is to Canada (if not to India) that we owe the first recognition of 
the fact that geographical surveying is a separate, distinct, and most important 
branch of the general art, which should form the basis—the mother survey as it 
were—from which all other surveys should spring. In India I am happy to 
think that this advance in the science of geography is now well understood. It 
has been more or less forced on us by the necessity for such rapid and comprehen- 
sive surveys as are required for frontier military operations, for the purposes of 
boundary demarcation, and for the important duty of keeping our own trans- 
frontier information up to the level of that of our neighbours. In our African 
colonies it has, alas! been discovered a little too late that geographical 
surveys are a sound preliminary to military operations, but the discovery 
once made it is not likely to be overlooked. Here, indeed, was presented 
a most forcible illustration of the danger of building up a geographical puzzle 
map; of piling one on to another the results of local fiscal surveys in the hope 
that when they were all put together they might make a good topographical guide 
to the country. Needless to say the result was disastrous from the scientific point 
of view, and it might almost be said of it that it was disastrous from the military 
point of view as well. Imagine for an instant that the Canadian system of a 
geological survey (involving of course accurate topography) had been applied 
ab initio to South Africa, who can possibly say what the result might not have 
been by this time? The expansion of the Randt mines, for example, depends at 
present on local experiment carried out no doubt by most able engineers with all 
the knowledge of scientific mining that is to be acquired in these days of advanced 
specialism. But all the same I may be permitted to suggest that their experi- 
mental ventures, their tentative borings, are subject to a good deal that is almost 
guess work for their application, and that a comprehensive, carefully conducted 
geological survey of the whole country would probably have afforded valuable 
indications in many unexpected directions. So also as regards schemes for 
local irrigation. ‘Take the north-western part of Cape Colony, for instance, the 
district known as the Karoo, where the best military map existing at the time of 
the war did not even pretend to show the main roads through the country. The 
stage of development at which that part of the colony has arrived in the all- 
important matter of local irrigation is only worthy of the Dark Ages, It would 
be laughed at in Persia or Afghanistan. The Arabs of medieval times were 
experts in the art of the conservancy and distribution of water in dry lands com- 
pared to the modern South African (or South American) farmer. Now I do not say 
that schemes for merely local irrigation require geographical maps to support them. 
Such schemes only require a little enterprise, a little common sense, and a little 
capital, but I do say that the geographical map would long ago have revealed the 
opportunity for comprehensive schemes, such as exist in India, just as it would have 
pointed out the best alignment for roads and railways, the best means for dealing 
with an enemy who can move fifty miles ina night, and who can make, not merely 
a few square miles, but a whole district the theatre of his operations. What was 
wanted (and is still wanted) in South Africa is what is wanted in every part of the 
continent subject to British suzerainty. I know that I am but echoing the urgent 
demand which has been made by every commissioner and governor within the 
limits of that vast area—not for elaborate or special maps for fiscal and revenue 
purposes, all of which will come in due time—but for scientific geography which 
shall now take the place of the preliminary work of pioneer explorers, and deal 
with the country as a whole instead of tracing it in outlines and in disjointed 
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parts. In short they require all gaps filled up. They want to know 
what the country contains in the way of forests, of open land suitable for 
agriculture, of desert and swamp, of opportunities for roads and railways, for 
telegraphs and irrigation, before deciding on the right position for the centre of 
an arterial system of public works which shall pervade in natural and orderly 
sequence, and in due time, every part of the body of the country of their 
administration. Now this is scientific geography. It is not ordnance map- 
making nor anything very much like it. It isa comparatively new demand on 
the scientific resources of England, and those resources are by no means equal to 
the demand. Before considering resources, however, we must look to the 
scientific means to this geographical end, I have already referred briefly to the 
subject of geodesy, and I have told you that what is termed geodetic triangula- 
tion is a function of high scientific order, demanding not only minute and pains- 
taking care on the part of an able staff of observers, but very considerable time 
and very considerable expense to carry it to a satisfactory issue. I have also 
pointed out that inasmuch as the exact distribution into parts of any large space 
of the world’s area must ultimately depend on the exact measurements which are 
a function of ouly the highest class of geodetic triangulation, we must look 
finally to geodesy to support the framework of our geography and to give it 
its rightful place in the great total of the world’s mapping. But the demand for 
geographical mapping is not satisfied with the promise of an elaborate basis for 
the work which has first to be constructed with the expenditure of much time and 
money before anything in the nature of a final map can be produced for purposes 
of administration. The political world, too, cannot always sit patiently through 
all the international disagreements, the losses, the unrest, and the positive national 
danger to which an unsettled boundary gives rise, whilst the geodesist works 
slowly through the country year after year, piling up sheaves of equations and 
folios of observations, but never a square mile of practical topography. As for 
the military department I hardly know what to say. There is the example 
before us of Germans, Russians, French, and Americans, all conducting their 
campaigns with maps in their hands, taking every special means at. their 
command in order to acquire such maps before they commence operations ; whilst 
the Boers have fought us to the bitter end with a practical knowledge of the 
country which is even better than maps, and which is exactly that class of 
knowledge which maps are supposed to replace or supplement. None of them 
wait for geodesy. 

Certainly the attitude of the military department is not one of neutrality. 
They would like the maps, they are even anxious to get them, but they are not 
quite certain that they are worth paying for. However that may be, I can only 
express my own conviction that geographical mapping will be found to be an 
urgent necessity in every corner of the unmapped world subject to British influence, 
We would like to wait for those accurate determinations of geodesy which would 
at once furnish us with the best of all possible means for commencing a compre- 
hensive geographical survey. But we cannot afford to wait, and the great 
geographical problem of the age is how to reverse the natural sequence of scientific 
procedure and to obtain maps of the unmapped world which no subsequent geodetic 
operations shall condemn as inaccurate, It is not a question of expediency ; it 
has been one of necessity for many years past; and inasmuch as necessity is the 
mother of invention, I think that it will finally be conceded that means have been 
found for ensuring sufficient accuracy in geographical work to render it capable of 
enduring the subsequent tests of completed geodetic measurement without dis- 
location and without interference with the general utility of the maps, even if that 
accuracy be not scientifically perfect. 

It is not my intention to bore you with technical details, I only wish to 
impress upon you that in the field of scientific geography, as in other fields, ‘ the 


old order changeth.’ We must work on new principles in order to meet new 
demands, 
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Use of the Telegraph in Geography. 


One of the chief means to this end is the telegraph. Few people appreciate the 
important réle which is played by the telegraph in these days in the field of 
geography. It was not so very long ago that the first step towards regenerating 
a natural wilderness, or for securing access to new commercial openings or centres 
of uncivilised population was held to be the construction of roads and railways. 
Means of physical access was the first step towards the development of a country 
which was regarded as unenlightened from the standpoint of European civilisation. 
lt is so no longer, for the telegraph often threads its way through many a dreary 
waste of unpeopled earth, uncoiling its length for hundreds of miles in advance of 
any railway, or indeed of any road, which can in the ordinary sense of the term 
be described as a constructed road. I will give you an illustration, On the 
Patagonian pampas not so very long ago, in the midst of a wide wilderness of 
snow, after losing our way in a blinding snowstorm and camping on our tracks 
for the night, we struck the end of the telegraph line which is now being pushed 
across Patagonia, and which will eventually connect the Atlantic with the Pacific. 
We bad seen no roads whatever for a great part of the distance we had traversed. 
Our daily procedure was the simple process of following a guide over the illimit- 
able stretches of bush-covered uplands which reach down from the eastern foot of 
the Andes in gentle grades to the Atlantic shore; and when we did at last fall 
in with the great central line of trans-continental communication we found it to 
consist of the wheel-marks of certain previous waggons which had drifted along 
that way, a sort of road which it was exceedingly easy to lose in the fading light 
of a stormy winter’s day. On this road there was nothing but a telegraph end 
and the tents of afew telegraph officials, and we were some 150 miles from 
our destination on the Atlantic coast. And so it happened that after weeks 
of absence from any means of communication with the outside world we 
were thus suddenly put in possession of its very latest news; and the very first 
message that passed from the end of that line into my hands was the message 
of peace with South Africa, signed an hour or two previously. I accepted 
that message as a happy omen for the result of our Patagonian mission. And 
thenceforward (thanks to the courtesy of the telegraph chief at Buenos Ayres) 
nightly as we sat in the snow we read all that was important from the London 
evening papers of that self-same day. We were not starving by any means, but 
had we wanted a loaf of bread in that unbroken stretch of snow-covered bushland 
we certainly could not have got it; whilst here was information flowing in with 
a daily ease and regularity that I greatly missed when once again I was within 
reach of clubs and civilisation. The importance of telegraphs in the field of 
geography, however, is not confined to the transfer of news to casual travellers. 
It is the facility which it places in the hands of the geographer for determining 
his position in longitude that renders it so important a factor in the prosecution 
of a geographical survey. Everyone knows that the first duty of a geographer is 
to discover his latitude and his longitude. Hitherto the determination of the 
first has been a matter of no great uncertainty, but, as regards the latter, one can 
only say that the confidence expressed by most explorers in the results of their 
observations has never been justified by the final verdict of subsequent deter- 
mination. It is, in truth, most difficult even for the most practised observer to 
obtain an absolute value in longitude on which he can rely within such limits of 
accuracy as are essential to the construction of a map where these values have to 
be employed differentially. The telegraph places in our hands the means of 
differential determinations within a degree of exactness that surpasses even that 
of the most careful determination of latitude; and the telegraph is every- 
where. Supplementary to the facilities of time-signalling by telegraph is the 
wonderful accuracy of graduation introduced into the smaller classes of new 
instruments which in these days replace the cumbersome equipment of the 
past. With a small 6-inch theodolite fitted with a complete vertical circle 
time values can be determined within a fraction of a second, and latitude 
values to within two seconds of arc, always provided that that great bugbear of 
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the astronomical geographer, level deflection, does not interfere with his results. 
But the same minute accuracy in graduation which has so improved the ordinary 
little instruments which you find in the hands of the professional geographer has, 
when combined with new methods for accurate linear measurement, also placed 
it in his power to carry out a fairly coherent and systematic triangulation with 
great rapidity and accuracy over large areas of country whenever the configura- 
tion and characteristics of that country are favourable. Usually they are favour- 
able. Large expanses of flat desert, of undulating veldt or of unbroken forest 
are the exception, not the rule, and they must of course be dealt with as their 
special peculiarities demand ; and for the normal conditions of land configuration, 
given that the explorer is specially careful about his base measurements and his 
initial data, he can certainly with modern instruments and the facilities for check 
given him by the telegraph, carry on a rapid and comprehensive geographical 
survey which will fulfil all the conditions required by the administrator, econo- 
mist, political geographer, or military commander within such limits of accuracy 
as will ensure its standing all the subsequent tests that geodesy may apply without 
any apparent map dislocation. And practically that is all that is wanted for a 
first map. I have used the word ‘rapidly.’ Few people (even scientific 
geographers) have really grasped the full meaning of the term as applied to 
surveys on geographical scales (7.¢., 1 : 250000, or about four miles to the inch, or less) 
under normal conditions. Such surveys can be completed quite as fast as an army 
can advance in the field, even granting that the advance is continuous. They can 
even to a certain extent precede that advance in face of an enemy. A single 
triangulator with a staff of two or three topographers in a fairly favourable 
country will be responsible for an outturn which may be counted by hundreds of 
square miles per day. The records of both American and Canadian surveys will 
prove that the marvellous progress made in the frontier reconnaissance surveys of 
India is nothing abnormal or unexpected. 


Necessity for Training Schools. 


So far I have spoken about the system only, a system which has been nearly 
perfected by experiments in Canada, Russia, India, and elsewhere. Now we have 
to turn from the work to the workmen. It is only lately, quite lately, that 
England has discovered that such workmen are wanted at all. Five or six years 
ago there was not a topographer nor a topographical school in England, But the 
demand during late years has been insistent and constant, with the result, I am 
glad to say, that efforts have been made in various directions to start topographical 
schools, and a distinct change is apparent in our methods of instruction at 
military headquarters. No purely technical central civil schools such as exist on 
the Continent are to be found in England, and the natural result is that at present 
England possesses no finished topographers and not many men who know what is 
meant by a geographical survey. In the wilds of Patagonia (which is, I must 
premise, a country beset with special climatic difficulties, but not otherwise one 
unsuitable to the topographer's art) I met many men of great intelligence and 
exceptional skill who had been gathered from various quarters for the purpose of 
topography. There were Italians, Argentines, Germans, French, and Swiss, but not 
an Englishman amongst them. Russians of the type of my old aud unforgotten friend 
Benderski have long been famous for their skill; but although English administra- 
tors and soldiers are alike crying out for more and better assistance in the active 
field of topography they cannot get it from England. The establishment of a 
school of practical geography such as must eventually guarantee the existence of 
a military topographical corps would be a matter of congratulation deserving to 
be noted as an important step in the advance of the geographical education of the 
country, no less than the school at Oxford which deals more directly with civil 
interests, and is rightly most concerned with the academic aspects of geographical 
instruction. Even this, however, is hardly sufficient. I am convinced that the 
recommendation which arose from certain resolutions found in the Geographical 
Section of the British Association Meeting at Bradford two years ago in favour of 
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the employment of natives in Africa for African work, just as Indian natives are 
employed in India, is thoroughly sound. We want schools in Africa as well as 
in England. Only in this way will the vast areas still unmapped in our African 
protectorates be dealt with at reasonable cost and in a reasonable space of time, 


Photo-topography. 


Certain developments in the practical field of geography have lately been 
brought to the test of continued experimental application, and the progress of these 
experiments deserves a passing record. Notably the application of photography to 
purposes of geographical illustration has received immense impetus from the 
apparent facility with which the experimental media can be handled. In favour 
of the haphazard landscape illustrations with which we are usually deluged by 
travellers there is little to be said. They are far more frequently illustrations of 
the personal progress of the author than of the general character of the country 
he progressed through. Neither is there much more to commend in photographs 
designed to reproduce geological or tectonic features, glacial configuration, special 
orographical conditions, or the like unless the position of them and the direction 
of the line of sight from the point of view are very clearly indicated on a corre- 
sponding map. At the best they are apt to be deceptive, for the reason that they 
can but deal with one side of a subject and with only a partial view of the parti- 
cular feature they represent. Everyone knows that an apparent range, or even a 
system of ranges, of mountains may be nothing but the revétement of a high plateau 
or tableland ; but the photograph of such 2 mountain system will give no indication 
of the plateau beyond the range which can indeed only be determined by a survey, 
and properly illustrated by a map. I need hardly say that a topographical 
delineation of ground derived trom observations made by the aid of photography 
demands as much technical skill on the part of the topographer and as much 
systematic application of the use of instruments as any other survey. It must be 
a combination of careful triangulation and skilful plane-tabling precisely as is the 
product of a topographical survey. It demands, if anything, more special train- 
ing and a more elaborate method of procedure than does ordinary survey. So far 
as the results of experiments made over suitable fields in Canada can teach us, the 
verdict is in favour of the process only under certain conditions of light and 
climate when it is desirable to obtain a record of observations in as short a space 
of time as possible, either in high altitudes, when passing clouds afford but a 
fleeting view of the landscape, or in low-lying districts, where active tribal hostility 
in the field or some similar condition renders it desirable to curtail operations as 
much as possible. Under all other ordinary conditions it is maintained by 
Canadian surveyors that although both time and labour may be saved on the field 
operations, the resulting map can never attain the same standard of accuracy in 
detail that distinguishes good topographical illustration of the usual variety of 
natural features. J am, of course, now speaking of geographical surveying as an 
art, not of mere geographical exploitation. In the latter case doubtless every 
traveller who can ‘pull the string’ in these days can add immensely to the per- 
sonal interest of his journeys by his illustrations of them. But I would earnestly 
impress upon all travellers that if they desire those illustrations to be of any use 
for geographical compilation it is absolutely necessary to know the point from 
which they were taken and the direction of the view. 


Barometric Records. 


Once again too would I warn travellers of the utter uncertainty of all classes 
of barometric determinations for altitude. Very little has been done in recent 
years towards improving instruments of the barometric class, and meteorological 
science has not yet taught us how to deal with the constant variations in air 
pressure produced over local areas by changeable weather. There are some 
countries where barometric records can hardly be regarded as offering a clue eyen 
to differential heights. It cannot be too often insisted on that the determination 
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of the relative heights of mountain peaks and of the local value of refraction by 
means of the theodolite is as much the duty of the triangulator as is the fixing of 
those peaks in position for the use of the topographer. From these again the 
altitude of positions in the plains can be safely determined by small instruments 
of the clinometer class without resorting to the barometer at all, although it may 
still be necessary to ascertain the value of one initial (or final) point which must be 
determined by many observations spread over a considerable length of time and 
synchronous with another set of observations determined at sea, or some already 
known, level. This of course will occur only when a new geographical area is 
opened up to survey at some distance from the sea, 


Universal Mapping. 


It will be remembered that a scheme was set afloat some years ago by Dr. 
Penck, the eminent German geographer, for the mapping of the whole world on 
the scale of one-millionth, which is very nearly equivalent to the scale of sixteen 
miles to one inch. Substantial progress has now been made in support of this 
scheme by English map-makers, especially in India, where all the trans-border 
countries which have fallen geographically into the hands of Indian surveyors are 
now being mapped on this scale. In the commencement of all great colonial 
survey schemes it is much to be hoped that this project for one homogeneous and 
universal map will not be lost sight of. 


Map Spelling. 


I wish that we were as well on the way towards homogeneity in spelling as 
we are in scale ; but it is much to be feared that arbitrary rules will have to be 
applied to so many special localities that no universal system is ever likely to be 
adopted. The further that exact geography extends the more difficult becomes 
this problem, until at last we shall probably arrive at the conclusions adopted long 
ago by the Government of India, and consider it best to lay down by order an 
arbitrary list of prominent names, and rule that the spelling of them shall be 
maintained as in this list in all Government records and maps. Scientists may 
disagree, but after all it seems the only practical way out of the confusion that 
exists at present. 


Terminology. 


There is yet another subject of world-wide interest to the geographical student 
epally with the practical geographer which requires something of the erudition 
of the philological scholar to be brought to bear upon it in order to arrive at a 
satisfactory issue. I refer to the subject of geographical terminology. It may 
seem an easy thing to be satisfied with such general definitions as are involved in 
the terms ‘range of mountains,’ ‘coast lines,’ ‘main channels,’ ‘ watersheds,’ 
‘slopes,’ ‘ affluents, and the like; but when these terms, and termssimilar to them, 
are employed in international agreements and treaties, carrying with them the 
necessity for identifying on the face of nature the feature which corresponds 

.to the term employed, there is always to be found room for discussion as to 
what its exact meaning may be. For the variations of nature are infinite, and 
no two features classified under the same generic name are alike. Were I to 
give you examples of only a few of the geographical expressions which, carelessly 
used, have led up to serious international disagreements you would, I am 
assured, agree with me that it is high time that geographers all the world over 
came to some definite understanding about the meaning of geographical terms. 
To take an instance. What is a ‘range’ or a‘main range’ of mountains ? 
Where does it begin? Where does it end? How far does the term involve 
geological structure? When a continuous line of similar structure is split across 
the axis of it, does it become two ranges or does it remain one and the same 
range? Or, again, what is ‘the foot of the hills’? Is it where the steep slopes 
end and the talus or gentle gradients of its detritus commence, or must you follow 
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the latter down to the nearest watercourse? If you talk of the coast line of 
Western Patagonia or of Norway do you include such headlands as are connected 
with the mainland at low water, and exclude the islands, or do you mean the 
coast line of both? What is the main channel of a river? Is it where the 
flowing water scours deepest from time to time, or is it a fixture amongst a 
score of minor channels that shift and change? Perfect definition is of course 
hopeless. Itis not in the power of man to deal with all the infinite variations 
of geographical feature and to classify them as he would specimens of botanical 
origin or of natural history. But we might arrive at a much more satisfactory 
dictionary of geographical terms in our own language than at present exists, 
and we might offer that dictionary to the geographers of the world at large and 
say, ‘Here we have at least endeavoured to explain our meaning when we make 
use of geographical expressions. This is what is taught in our schools as the 
best means of translating the general idea into a distinct mental conception of 
natural features ; and in future when we use these terms you will know on the 
best authority that England can produce what it is that we mean by them.’ 
Then possibly instead of having to turn to Germany and France for assistance 
in expressing ourselves clearly when drawing up legal documents dealing with 
geographical conditions, we may find the English language become the standard 
for this special class of literature in spite of its verbal poverty. This at any 
rate is what is now being attempted by the Geographical Society, which spares 
no effort in order to obtain the best literary assistance in its compilation that 
the country affords. We shall soon have a geographical dictionary, I trust, and 
be able to enter with a little more ease and confidence into the field of literary 
discussion of geographical subjects. 


Progress of Geographical Education. 


The progress of geographical education in the country, although it is by no 
means so universally apparent as might be considered desirable, yet shows en- 
couraging symptoms of vitality in many directions. 

The Civil School at Oxford, for instance, conducted by Mr. Mackinder, has 
already made most successful efforts to produce expert teachers of geography. 
Here, in addition to 208 students, of whom 163 were men attending courses 
during the past year, five students have already won the Post-graduate Diploma 
granted by the University, and it is encouraging to note that four out of the five 
have already obtained distinctively geographical work. Others similarly qualified, 
if of sufficient ability, would probably not have long to wait for opportunities. 
In addition to its regular University functions, the Oxford school has this year 
organised a summer course of three weeks’ study. This has been well attended 
by teachers and instructors from all parts of the country, and even from America. 

In London a department of ezonomic geography is in course of organisation 
at the School of Economics and Political Science, and geography will become a 
compulsory subject in examinations. In the matter of examinations we have to 
chronicle the issue of a most excellent syllabus for the new London Matriculation 
which should ultimately have great influence on the teaching in many schools. 

Further, the ‘Geographical Association,’ a body now of several hundred 
teachers, has made great progress. It has recently commenced the issue of a 
journal known as the ‘ Geographical Teacher,’ one of whose functions appears to 
be the criticism of the questions set in various public examinations. 

Satisfactory progress has also to be recorded of the school of surveying ini- 
tiated by the Royal Geographical Society, now under Mr. Reeves. The diploma 
has been awarded to a number of candidates (about twenty-five) who have passed 
through the school, who have invariably found suitable employment as surveyors 
subsequently. Indeed the demand for trained R.G.S. surveyors already exceeds 
the supply, although it cannot as yet be maintained that our means of training are 
as perfect as we could wish. 

In military schools the report of the late Committee appointed to Consider the 
Education of Army Officers shows clearly enough that amongst all the necessary 
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subjects for a cadet's education which have to be crammed into the exceedingly 
short course of his military schooling that branch of geography which is embraced 
by the term ‘military topography’ finds a very conspicuous place. The short 
course of a military school will never turn out an accomplished geographical 
surveyor; nor does it in any way outflank the necessity for a military school for 
professional topographers. But it teaches the young officer how maps are made, 
and instructs him in the use of topographical symbols. It would be well if it 
could be pushed a little further—if it could teach him how to make use of the 
maps when they are made—for personal experience convinces me that the apathy 
shown by many of our foremost generals and leaders on the subject of maps arises 
chiefly from a well-founded doubt of their own ability to make use of them. As 
for the broader basis of general geographical instruction which would deal with 
the distribution of important military posts and strategic positions throughout the 
Empire, and teach officers the functions of such positions, either individually or in 
combination, during military or naval operations, it is perhaps better that such a 
strategic aspect of geography should be relegated to a later age, when the average 
intelligence of the cadet has become more fully developed. 

Taking it for all in all there are distinct signs of a more general interest and 
more scholarly standard of thought in the subject of geography. This is probably 
due to the efforts of a comparatively small group of workers at a time of general 
educational reform, possibly partly stimulated by the disclosures in connection 
with the late war. 

The methods of further improvement are simple—better teachers and better 
examining—and for both it is probable that we must look more directly to civil 
sources than to the tentative efforts of the military schools. 


The following Paper was read :— 


1. The Geography of Southern Persia as affecting wuts History, together 
with a Brief Account of the Helmand Delta and the Great Desert of 
Persia known as the Lut. By Major P. Moteswortu Syxss, C.11.G. 


Southern Persia and Baluchistan lie between the rich alluvial plains and 
ancient civilisations of the Euphrates, Tigris, and Kérun on the west, and that of 
the Indus on the east. Washed throughout to the south by the Persian Gulf and 
Arabian Sea, the country maintains a low level for a considerable distance inland 
and the heat in summer is terrific. Additional disadvantages are the absence of 
good harbours, and the fact that in the Persian Gulf there is always either too 
much or too little wind. This coast strip runs back to range after range of rugged 
mountains, increasing in altitude until the Iran plateau is reached. The fertile 
zone of upland country is not very wide, and it soon decreases in elevation, sloping 
down to the paralysing waste of the Lut. 

The characteristics of Baluchistan are to a considerable extent similar, except 
that the altitude of the mountain chains is not so great. As cultivation depends 
on irrigation, the absence of ranges sufficiently lofty to serve as storehouses for 
snow results in the encroachment of the Lut much farther south. Indeed, the 
eastern border of the Kerman province is separated from Baluchistan by a section 
of this desert some 200 miles in width, which is an important factor in the history 
of Southern Persia. In its east and west aspect, from the Tehran-Isfahdn-Shiraz- 
Bushire road eastwards, the Lut stretches right across the entire width of Persia, 
thus separating the land of Iran into two divisions far more effectually than any 
sea or mountain barrier. To summarise, Southern Persia and Baluchistan have 
ever been comparatively barren countries, most difficult of access from the coast, 
and consequently have always escaped invasion by sea, Owing to the hardening 
influence of a livelihood gained from a sterile soil, and perhaps still more to the 
superb climate, warlike race was produced, which frequently held in subjection 
the inhabitants of the rich low-lying plains to the west, while more than once 
the martial hosts of Iran have swept all before them in the plains of India, 
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Concerning the variable lower course of the Helmand, the author gained sore 
interesting details when travelling in Sistén nearly four years ago. Indeed, it~ 
must be recollected that Sistan is not only fed by the Helmand, the classic 
Etymander, but that its waters form the lagoon in which this interesting river 
discharges. To summarise the courses taken by the Helmand, in the fourteenth 
century there was a solid dam, known originally as the Band-i-Rustam and later as 
Band-i-Akwa (evidently a corruption of Afghan or Agwan). This was situate 
at a point on the Helmand some forty miles east of the ruins of Hauzdar, and at 
an equal distance from the limits of Sistan as it is to-day. A deep canal running 
west irrigated the fertile plain of Hauzdar, the main stream flowing north under 
the name of Rud-i-Nasru. On its banks were the famous cities of Shahristan 
and Zahidan. Towards the close of the fourteenth century Sistén was invaded by 
Timur or Tamerlane, who destroyed the dam, and thus reduced the Hauzdar plain 
to a waterless desert. 

The Helmand, while still keeping to the Rud-i-Nasru, created a second branch 
encircling Sehkuha, which bad not hitherto been inhabited. There was appa- 
rently no other change until early in the nineteenth century, when the whole 
volume of water united to carve out a channel farther east, to the west of the 
village and mound of Nad-i-Ali. As cultivated Sistan was thereby left high and 
dry, the Rud-i-Sistan was cut a little to the north of Sehkuha—a task of great 
magnitude. This was the state of affairs when Sir Frederic Goldsmid made his 
award ; but in 1896 the Helmand began to forsake the Nad-i-Ali channel, and 
struck out a new course between it and the Rud-i-Nasru. This is now known as 
the Rud-i-Perian, which was a fine river when the author crossed it on a reed raft 
in 1899. It is anticipated by the greybeards of Sistén that the wayward 
Helmand will finally return to the ancient Rud-i-Nasru. 

The Lut, undoubtedly the salient characteristic of Persian physical geography, 
is believed to have been in early times an inland sea, which theory is supported 
by the presence of the active volcano of Sarhad, the extinct volcano of Bazman, 
and many legends. Careful inquiry has led the author to believe that the name 
Lut properly applies to the whole of the great desert of Persia, including the 
so-called Dasht-i-Kavir in the north and the Dasht-i-Lut in the south, and that 
its saline portions are known as Kavir, which is undoubtedly the Arabic word 
kafr, signifying a saline swamp. As regards the term Lut, the guides point out 
fantastic bluffs, resembling forts, mosques, or cathedrals, and explain how they are 
ruins of cities which the Almighty destroyed, as was the case with the cities of 
the plain, from which Lot escaped with so much difficulty. Furthermore, Luti 
although now used to designate a buffoon, formerly meant a Sodomite. It would 
seem that this great waste of Persia has become associated (most appropriately) 
with the name of Lot, Abraham’s nephew. 

The author finally made some remarks on the trade routes and on the telegraph 
line which is being constructed across Persia, showing how, in every case, direction 
was determined by geographical features. 


FRIDAY, SEPTEMBER 12. 


The following Papers were read :— 


1. Yunnan. By Captain C. H. D. Ryper, 2.Z. 


Of the eighteen Provinces into which China proper is divided, Yiinnan, though 
one of the largest, is one of the least populated. It is one mass of hills with small 
plains nestling among them, in which reside the Chinese, who leave most of the 
hilly country and the deeper valleys to the original inhabitants, such as Lolos, 
Shans, &c. 

There are some seventy walled cities, many of them cities only in name, each 
plain as a rule containing one city, the official centre of the district. 
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From a geographical point of view the most interesting feature is the extra 
ordinary number of large rivers which flow through or rise within the province, 
affluents of the Iréwadi, the Salwin, Mekong, Yangtse, West River, and Red 
River; the second, third, and fourth of these, as they enter Yiinnan all flow in 
deep valleys side by side for many miles, barely twenty miles one from another, 
with a huge mountain range intervening. Farther south these rivers separate, 
allowing room for the headwaters of the Red and West Rivers, the centre of the 
Province, the watershed between these various river-systems thus forming an 
elevated plateau, the plains on which are mostly about 6,000 feet in elevation. 
The climate varies according to the elevation from perpetual snow to perpetual 
heat, with every intervening stage ; consequently the fauna and Hora, and the pro- 
duce of the fields, vary considerably. The seasons are well defined—rains, cold 
weather, and hot weather; the former the least pleasant, especially to travellers. 
Trade is nearly at a standstill owing to the shocking condition of the roads and the 
unhealthiness of the valleys, which are held in great awe by the Chinese merchants, 
The hills, except in the neighbourhood of the towns, are well wooded and abound 
in small game, though the larger wild animals are conspicuous by their absence. 
A large quantity of minerals exist, mines of copper and silyer—some worked, others 
deserted—heing constantly met with. 

Situated as it is in the south-west corner of the empire, with French territory 
on the south and English on the west, much attention has been drawn to 
Yiinnan, and after various schemes had been propounded for tapping the trade, 
the Yiinnan Company fitted out an expedition under Major Davies—to which I 

_ was attached by the Government of India to survey and report on Yiinnan—with 
a view to deciding whether a line of railway was possible from Burma into China. 
This we successfully accomplished in two successive seasons; but, owing to the 
mountainous country and the poor prospects of traffic, it has been decided to 
abandon any idea of a railway on these lines. In a short time a railway will be 
completed, but it will be from Tongking and not from Burma. 

Yiinnan is as regards scenery the flower of China and most pleasant to travel 
in, always excepting certain rudeness, which everyone must expect, from the 
Chinese themselves. 


2. Colonisation and Irrigation in Uganda and the British East Africa 
Protectorate. By R. B. Bucxzey, C.S.J. 


_ This paper commences with a description of the climate, and a statement of the 
rainfall, in the British Hast Africa Protectorate. A brief description is also given 
of the Uganda railway, which is mentioned as a monument to the skill of its 
engineers. The political and local effects of the railway are referred to. 

The paper refers to the climatic conditions which affect Lake Victoria Nyanza, 
and has an Appendix showing the rise and fall in the surface of the lake since 1896. 
The causes of the fluctuations in the lake are discussed, and it is shown that the 
volume of water which is actually available for storage in the lake for purposes of 
irrigation is not so great as might be supposed. 

The Uganda railway passes through the high lands of East Africa, where a 
tract of land, the size of England north of Liverpool and Sheffield, lies at an 
elevation of more than 5,000 feet above the sea and has a pleasant and temperate 
climate. There seems to be no doubt that this country is eminently suited for 
colonisation, and that, if it could be irrigated, nearly all European crops and fruits 
could be grown in it. 

The paper discusses the possibilities of irrigation in East Africa, which do not 
seem very hopeful. The three main rivers, the Juba, the Tana, and the Sabaki, 
are not well known and their discharges at different times of the year aré not 
tecorded. The rivers are navigable in their lower reaches near the sea. It seems 
likely that irrigation from the Juba and Tana might be possible in the higher 
lands, and that 30,000 or 40,000 acres might be irrigated from the Sabaki, just 
below the point where the Tsavo River, which is fed from the snows of Kilimanjaro, 
joins the main stream. But the paper points out that the area commanded lies 
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within the field of action of the tsetse fly, which might make cultivation difficult, 
if not impossible. 

Reference is made to the great Taru wilderness, which has absorbed so many 
human lives, and the possibility of irrigating it is considered. 

In the tract of laud, lying about 5,000 feet above the sea, through which the 
Uganda railway passes, there are no rivers of any magnitude; and the discharge, in 
the streams which do exist, is very uncertain. It is shown that the area which 
might be irrigated by the perennial discharge of those rivers which have a constant 
discharge would be quite insignificant, and that the only way to irrigate effec- 
tively would be by the construction of reservoirs in the hills. These reservoirs 
would not probably be ona large scale, but would be formed by earthen banks 
across the valleys in which the streams run. These embankments would be, pro- 
bably, at intervals in the course of a stream, and farms of moderate size would be 
more or less dependent on each reservoir. 

The paper refers to the question of artesian wells, and it is pointed out that 
these would be disappointing as sources of supply for irrigation, although they 
might give a valuable supply of water for cattle on the great grassy plains which 
abound in the temperate regions. 

The paper concludes with certain recommendations concerning investigations 
which appear necessary before colonisation, either by Europeans in the temperate 
tracts, or by natives of India in the less temperate areas, can be established with 
good hope of success. Irrigation would, no doubt, be most valuable; but as 
yet it has not been proved that crops cannot be successfully cultivated by the 
rainfall alone, if the cultivation is conducted with a due consideration of the local 
seasons, 


3. Survey of the Fresh-water Lakes of the British Isles, 
By T. N. Jounsron, ILB., CM. 


The paper gave a summary of what had been done towards carrying out the 
scheme announced at the Glasgow meeting of the Association for the survey of 
the fresh-water lakes of the United Kingdom under the superintendence of 
Sir John Murray. The lochs of the Rannoch district have all been surveyed, 
and the work is being gradually advanced northwards through Argyllshire, Inver- 
ness-shire, Ross-shire, and Sutherland, in which last county the staff employed on 
the work were at the time of the reading of the paper engaged in surveying the 
lochs of the Assynt district. Up to the beginning of September 1902 nearly 100 
lochs had been surveyed. Besides taking soundings the members of the survey 
carried on biological and physical investigations in all the lochs. One of the 
most interesting observations hitherto made was that of the occurrence of seiches 
on several of the Scottish lakes. The phenomenon was observed by the author 
of this paper first on Loch Treig, the first known observation of such an occur- 
rence in Scotland. Subsequently it was observed on several other lakes. 


4. The Jordan Valley. By Professor Witu1am Lipsey, Sc.D. 


The paper discusses some of the geological features of the valley, and the con- 
nection between the Dead Sea and the Gulf of Akabah. 

There seems to be less evidence of a fault with a subsidence upon its eastern 
side than was supposed. There was, however, undoubtedly a rift valley or frac- 
ture, which was widened at a later period. This valley extended from the foot 
of Mount Hermon southward. 

The evidence of ice action on the southern slopes of Mount Hermon is very 
marked. This is not found upon the surface, where abrasion has probably removed 
all traces of it, but in places where the rocks have been covered up by moraines, 
which latter have but recently been removed. 

From the northern end of this valley, throughout its whole extent, its struc- 
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ture is strongly suggestive of that of a fjord where the ice has been absent for a 
very long period. 

A possible conception of the valley and its mode of formation might be that 
some time at the close of the cretaceous period this rift was formed. It was then 
widened and deepened by ice action, at least as far south as the Sea of Galilee, if 
not throughout its whole length. 

After this the surrounding region was submerged by a depression of its surface, 
due to lateral pressure from the westward. It was at this time that the immense 
deposits of sandstone took place which were laid down in the valley nearly as far 
north as the Sea of Galilee. The thickness of these sedimentary deposits was 
about 4,000 feet, and their character varied, dependent upon the source of the 
material which was laid down. 

Subsequent to this a gradual elevation of the layers took place, and as long as 
the supply of water was abundant the stream cut its way down through the sand- 
stone, leaving fringe-like remnants on both sides of the valley, as well as an 
underlying mass in its bed. The protected lateral bays or alcoves on the sides of 
the main rift were found to be occupied by such deposits. The Lisan Peninsula 
might be regarded as a more resistant remnant than usual in the bed of the 
valley. 

After this process had continued for a period long enough to bring about the 
removal of some 3,00U feet of this deposit, a change in the conditions took place, 
and one of three things happened, possibly all three :— 


1. The glacier disappeared. 
2. The water-supply failed to a considerable extent. 
3. The rate of elevation increased. 


Then the course of the water over the top of this sandstone ‘ plug’ first became 
sluggish and finally stopped, thus breaking the connection with the ocean. 

From this time onward, while elevation to the extent of about 1,000 feet 
took place, erosion upon this sandstone bed took place in two directions—north- 
ward and southward—and a harder layer than usual, about the middle of the trough 
connecting the Dead Sea and the Gulf of Akabah, eventually became the turning- 
point of the waters in both directions. 

This process is also illustrated in a similar remnant lying between the Jebel 
Usdem and the western face of the main limestone walls of the valley throughout 
the whole length of that peculiar range. 


5. Petra. By Professor Wi1tt1am Lipsey, Sc.D. 


Petra is located in one of the larger bays or alcove valleys on the eastern side 
of the valley connecting the Dead Sea with the Gulf of Akabah. The depth of 
this bay inland must have been about seven miles. 

‘The immense amount of sandstone here laid down was apparently affected by 
surface erosion only, as it was withdrawn from the active scouring action which 
was going on in the main valley to the westward. It therefore rose or was lifted 
up some 3,000 feet above that valley, while the limestone cliffs, its eastern shore 
line, still towered above it to the height of 3,000 feet more. 

As you look down upon it from the old Roman road on the top of these cliffs, 
it appears like a tumbled sea of sandstone waves, so rough is its surface. 

There is one channel, however, which has persisted in cutting its way down 
through this sandstone mass from the lower edge of the limestone plateau to a 
central depression with precipitous walls. This was the entrance to the location 
of the famous ancient city. 

The stream occupying this cleft, after passing through the central valley, 
plunges headlong down a splendid canyon, through several thousand feet of sand- 
stone to the valley of the Arabah, which lies some five or six miles distant. This 
latter portion of the Sik is all but impassable ; the upper portion, leading to the 
site of the city, is easily traversed, in fact it once had a Roman road leading 
along its winding bottom, 
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The position of this ‘Rock City’ forms a marked contrast to other ‘strong 
places’ of Moab, which were usually walled hilltops. It required no less military 
genius to grasp the elements of its strength and use them as a defence. The 
sturdy Roman was probably the only invader who became its foreign master, and 
he succeeded more by craft than by the force of arms. 

The strange juxtaposition of its temples and amphitheatre to the thousands of 
tombs which surrounded them produces a curious impression upon the mind. It 
seems odd to us that their games and joyous festivals should be celebrated in full 
view of the solemn porticoes of the last resting-places of their ancestors. 

The splendid structures carved in the walls of rock which surrounded their 
city have resisted the ‘tooth of time’ very remarkably for 1,500 years, considering 
the soft material in which they are found. The city proper, with the exception 
of a single temple and part of an arch of triumph, have literally crumbled into 
dust. 

Views of canyon entrance to the city, the chief Latin monuments, the still 
older Moabite ‘high places,’ as well as some pictures taken from Aaron’s tomb ott 
Mount Hor, were shown. 


SATURDAY, SEPTEMBER 13. 
The Section did not meet. 


MONDAY, SEPTEMBER 15. 


The following Papers were read :— 


1. World-shaking Earthquakes in relation to Volcanic Eruptions 
in the West Indies. By Joun Mitne, F.R.S. 


Observation shows that every year about fifty earthquakes occur, each of 
which disturbs the world throughout its mass. Between January 1, 1899, and 
January 1, 1902, the number of world-shaking earthquakes which have been 
recorded and the regions from which they originated were as follows :— 


_ No. of 

Earthquakes 
A. West and South of Alaska . ‘ ; 5 3 - 2b 
B. West of Central America . : 3 ; : Abii lS 
C. West of the Antilles . E ‘ - é - 2°16 
D. West of the Andes LEG 4 5 : ; &. Ce 
E. East of North Japan . ’ : : ‘ + 29 
F. South and East of Java F : t : k - Al 
G. North of Mauritius . F 5 5 A : i ki, 
H. East side of the North Atlantic . ‘ j ‘ . 22 
I. West side of the North Atlantic. H F : aor. 
J. North Atlantic . F 2 a 2 P gions 
K. Balkan, Caucasian, Himalyan Regions F ‘ . 14 


196 


The disturbances originating from districts H, I, J, and the Balkan portion of 
K, although they were recorded in the Isle of Wight, were comparatively small 
and are therefore not considered in the above yearly average. All these origins 
lie on the flanks or near the base of the steepest flexures on the earth’s surface. 
With the exception of K they are submarine, and their boundary ridges are, 
for the most part, lined with volcanic peaks. : 

For the greater number of these ridges there is geological and, not infrequently, 
historical evidence to show that the most recent movements have been those of 
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elevation, and periods of volcanic activity accompany elevation rather than 
subsidence. 

When a world-shaking earthquake originates on land, dislocations many miles 
in length have been formed, on the two sides of which large areas have been 
relatively raised or lowered. In 1891, in Central Japan, a fault was formed 
having a length exceeding forty miles and a ‘throw,’ as shown on the surface, 
of 10 or 20 feet. 

Mr. R. D. Oldham shows that the Assam earthquake of 1897 was probably 
due to a movement of 10,000 square miles of country along a thrust-plane through 
a distance of 16 feet. 

The Cutch earthquake of 1819 resulted in a subsidence of 2,000 square miles 
of country and the elevation of a ridge fifty miles in length. 

When: the origins have been suboceanic, soundings have shown that vast 
depressions have been formed, whilst coast lines have been raised or lowered. In 
1822 about 100,000 square miles along the coast of Chile were permanently lifted 
about 3 feet. 

Observations like these indicate that large earthquakes originating in the 
furrows described are accompanied by a deepening of the same and an elevation 
of the flanking ridges. This elevation may relieve constraint at volcanic foci with 
the result that volcanoes, particularly those which have been sealed for many 
years, may suddenly burst into activity, a sequence of events well illustrated by 
the volcanic history of the Antilles. In these islands there were eruptions in the 
years 1692, 1718, 1766, 1797, 1802, 1812, 1836, 1851, and lastly, the most terrible 
of all, in the present year. All of them seem to have closely followed huge 
adjustments of the Hayti-Jamaican fold, or those in the neighbouring folds on the 
American continent. 

The 10,000 small earthquakes which are recorded in the world every year 
have not any sensible relationship to volcanic activity. 


2. Preliminary Note on the Windings of the Evenlode. 
By Dr. A. J. HERBERTSON. 


3. Geographical Plant-groups im the Irish Flora. 
By R. Luoyp Prasrcer, B.L. 


Treland may be roughly likened to a saucer, of whica the central depression 
consists of a plain of Carboniferous limestone, the rim of a discontinuous series of 
mountain-groups formed of non-calcareous rocks. Much smaller than Great Britain, 
it displays less diversity of climate as well as of surface, and consequently less 
diversity of flora. 

The application of Watson’s well-known ‘types of distribution’ to Ireland is 
productive of some interesting results, and shows a considerable diversity of range 
in the same groups of plants in Great Britain and in Ireland. 

The ‘ English’ plants of Watson reach in Ireland their maximum on the 
East coast, in Dublin, Wicklow, and Wexford, and are also remarkably abundant 
in Clare. Watson’s ‘Scottish’ plantsshow a more uniform range in Ireland. They 
attain their maximum in the northern maritime counties. Thence they spread 
down the West coast in considerable abundance as far as the Shannon mouth, 
while on the East coast they decrease rapidly south of Down. Watson’s ‘ High- 
land’ plants are found chiefly in the west. They attain their maximum on the 
comparatively low hills of Donegal and West Galway, and are only sparingly 
represented on the higher mountains in the east, such as those of Down, Wicklow, 
and Tipperary. Watson’s ‘Germanic’ group is practically von-existent in 
Ireland; the fragments which have reached that country have a quite irregular 
distribution, with a maximum in Clare. The ‘Atlantic’ plants have a more 
definite distribution in Ireland, ranging round the coast and showing an increase 
southward. 
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A careful analysis of the distribution of plants in Ireland reveals the existence 
of several fairly well defined types. There is a marked tendency to a ‘Central’ or 
‘ Marginal’ distribution, the result of the configuration of the country, the Central 
group being largely composed of lowland, calcicole, and aquatic or paludal species ; 
the Marginal of calcifuge, upland, and dry-soil plants. Well-marked northern and 
southern, eastern and western groups also exist, the boundaries between them 
consisting of lines running not exactly east and west, or north and south, but 
rather north-north-eastward from Cork to Londonderry and east-north-eastward 
from Galway Bay to Dundalk Bay. For these six types of distribution the author 
proposes the names Central, Marginal, Ultonian, Mumonian, Lagenian, Con- 
nacian, the last four being taken from the old names of the four provinces of Ire~ 
land, in each of which one of the groups attains its maximum. ‘I'he characters of 
each plant-group, and its relations to the climatological and physiographic features 
of the country were pointed out. 


4. On some Features of the Cork River-valleys. By J. Porter. 


The author discusses the special features which are presented by the drainage 
system of Cork county, including the abrupt change of course which transfers 
each of the trunk rivers of the east from one longitudinal strath to a more 
southerly one, and the more or less straight and meridional character of the 
cross-courses. The paper connects the abrupt changes from one main strath to 
another with glacial interference; while it assigns to faulting and the rapid flow 
of the pre-Glacial streams conjointly the determining part in bringing about the 
meridional character of the cross-courses and many of the tributary glens. 


5. The Peat-bogs of Ireland. By Professor T. Jounson, D.Sc. 


The author gave an account, illustrated by a large map prepared by the 
Intelligence and Statistical Branch of the recently created Department of Agri- 
culture and Technical Instruction for Ireland, of the distribution of the bogs of 
Ireland, which cover 1,861 square miles, or nearly 6 per cent. of the surface, 
chiefly in counties Donegal, Mayo, and Galway, and in the central plain, as the 
Bog of Allen. Their average depth is 25 feet. An account was given of the 
character of the different layers ot a bog as seen in a vertical section, and an ex- 
planation suggested of the origin of a bog-slide. Specimens of the bog-flora, of the 
different kinds of peat, and of the economic products derivable from turf or peat, lent 
from the Botanical Collections of the National Museum in Dublin, were exhibited. 


6. The Island of Sakhalin and its Inhabitants. By C. H. Hawes, B.A. 


The Siberian island of Sakhalin has hitherto remained unexplored by English- 
men. Having overcome the difficulties of approach, I was suspected of being a 
military spy on landing. 

The remoteness of the island is emphasised by the fact that communications 
are absolutely cut off during half the winter, and for the other half are dependent 
on native dog-sledges driven across the frozen Strait of Tartary. 

A brief historical sketch of the discovery of the island tells of the first known 
expedition, made by the Japanese in 1613, followed by the Dutch captain, Vries, 
in 1643, La Pérouse visited Sakhalin in 1787, an English captain, Broughton, 
in 1796, and Kruzenstern during the years 1803-1806; but none of these suc- 
ceeded in navigating the Strait, or as it was then called, the Gulf, of Tartary. 
Finally, in 1849, the long-thought peninsula was demonstrated to be an island 
by Captain Nevelsky. Native legends are still current which tell of a neck of 
pei connecting the mainland, and these find possible support in the fauna and 

ora. 

A backbone of mountains, culminating in Mount Itschara, nearly 5,000 feet 
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high, stretches throughout the length of the island, which is little short of 600 
miles. Except for clearings around isolated Russian penal-settlements the sur- 
face is mainly covered with dense forests, the home of the bear, reindeer, wolf, 
fox, sable, &c.; and though swampy regions exist, the general character is better 
described by the Siberian term ‘ taiga’ than ‘ tundra.’ 

Geologically the island belongs to the Tertiary period, argillaceous sandstone 
and calcareous schist being much in evidence, while coal is abundant on the west 
coast. No traces of recent volcanic action are yet to hand. 

The middle of the island forms the watershed of two rivers, each with a course 
of about 300 miles, one flowing north and the other south. 

The climatic conditions comprise extreme cold in winter with heavy falls 
of snow, but the annual rainfall is less than that of England. The prevailing 
exaggerated notions of constant fog need to be dispelled. 

The inhabitants of the island consist of (a) Native tribes, and (5) Russians. 


(a) Natives.—Traces are found of extinct dwarf pit-dwellers. The present 
inhabitants comprise five different tribes or races. (i) Aznus, in the south of the 
island; a dying race. (ii) Gilaks, a semi-Mongol, semi-Tungus tribe. (iii) Orot- 
chons, @ more pronounced Tungus tribe. (iv) Yakuts, with only thirteen repre- 
sentatives. (v) T'unguses, the great hunters of the island. 

(6) Russians.—Sakhalin is a Russian penal-settlement, with a white population 
consisting of convicts, ex-convicts, and officials. There are comparatively few 
political exiles, but a large percentage of murderers. Thousands of the latter are 
at large under surveillance; and many escape from the prisons into the forests, 
rendering travelling unsafe. 


TUESDAY, SEPTEMBER 16. 
The following Papers and Report were read :— 


1. The Motives of Antarctic Exploration, 
By Hueu Rosert Mit, D.Se., LL.D. 


The motives which underlie the efforts to solve the problem of the Antarctic 
regions and the nature of that problem have changed from age to age. 

With the ancient Greeks it was a mere academic speculation as to whether 
there were Antarctic regions or not, in other words a discussion as to the figure 
of the Harth. 

After Aristotle’s demonstration that the Earth is a globe the question came to 
be whether the Antarctic regions were accessible, and the theory of zones of 
climate answered it in the negative, as it was believed that life in the torrid zone 
was impossible. 

In the early middle ages belief in Antipodes, either of the west or of the south, 
was stigmatised as a pagan error, and many prominent upholders of the belief in 
the existence of Antarctic regions were excommunicated. 

The necessity of finding a sea route to India for commercial purposes led 
eventually to the crossing of the tropics and the circumnavigation of Africa and 
America. 

Belief in the existence of a great southern continent extending even to the 
tropics, derived from the beliefs of Ptolemy and stimulated by discoveries of 
islands on the verge of the unknown, led to all the southward exploration of the 
sixteenth, seventeenth, and eighteenth centuries, culminating in the second voyage 
of Captain Cook, who proved that the Antarctic continent, if it existed, nowhere 
penetrated far into the temperate zone. 

Commercial motives, actuated by Cook’s discoveries of fur seals and oil seals 
in South Georgia, ensured active Antarctic exploration by sealers from 1780 to 
1839, the most successful in advancing knowledge being Palmer, Weddell, Biscoe, 
and Balleny. 
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The desire to give security to sailing-ships running a great-circle course to 
Australia, India, and China by improving knowledge of magnetic variation 
helped to produce the great expedition of Sir James Clark Ross in 1839-43 and 
stimulated those of Wilkes and Dumont D’Urville about the same time. 

Subsequent attempts at commercial exploration have failed, and the only 
motive now acting is the pursuit of pure science for its own sake; and this has 
sent out the ‘ Belgica’ expedition, the British, German, and Swedish expeditions 
now in the field, and will send out Mr. Bruce’s expedition from Scotland, 


2. The Scottish National Antarctic Expedition. By W.S8. Bruce. 


The object of the Scottish National Antarctic Expedition is to specialise in 
oceanography and meteorology; but biology, geology, and magnetism will also be 
actively pursued. Its sphere of operations will be the south of the South Atlantic 
Ocean, between the tracks of the Swedish and German expeditions. The base of 
the expedition will be the Falkland Islands, and from there a course will be 
steered south-east to the Sandwich group, and thence south into the Weddell 
Sea. During the summer an attempt will be made to reach as far south as pos- 
sible without incurring the risk of the ship becoming frozen into the ice in the 
winter, for it is intended, by keeping the ship free during that season, to continue 
the scientific work up to and outside of the limit of the polar ice. A wintering 
party, composed of several of the scientific staff, will also be left in the south if 
funds permit. The expedition will be absent for a period of two years. 

The ship is a rebuilt Norwegian whaler, and has been named the ‘ Scotia.’ She 
is a barque-rigged auxiliary screw steamer of about 400 tons. She carries a crew 
of twenty-five and a scientific staff of eight. Mr. W.S. Bruce, the leader, has 
appointed Captain Thomas Robertson, of Peterhead, to command the ship. 


3. The Islet of Rockall. By Rev. W. Sporswoop Green, F.R.G.S. 


In June 1896 the author had the rare opportunity of conducting a scientific 
expedition in the ss. ‘Granuaile,’ placed by the Congested Districts Board of 
Treland at the disposal of the Royal Irish Academy for the purpose, to Rockall, 
the most outlying speck of the British Islands. It stands ona bank to the N.W, of 
Ireland, cut off from the British plateau by a great abyss of 1,600 fathoms, covered 
with the globigerina ooze of the ocean depths, into which that plateau suddenly 
descends, from a depth of 300 fathoms, the edge of the plateau being found to be 
composed, wherever the author has trawled, chiefly of erratic subangular blocks 
or boulders. 

The rock consists of a single tooth of granitoid rock, of such special character 
that it bears the name of ‘rockalite.’ Close by the main rock, which is only 
70 feet high and about 75 yards in circumference, the Haslewood Rock appears 
above water at half tide, while two miles to the N.E. a rocky ridge known as 
Hellen’s Reef comes within 6 feet of the surface, and constitutes the greatest danger 
of the locality. Within 20 yards of Rockall we got 30 fathoms of water, and 
the soundings at a short distance from any of the rocks is 70 fathoms. The 
100-fathom line follows the general outline of the whole bank. So far as 
soundings go Rockall is more connected with the Arctic area than with the 
British Islands. 

From its situation the fauna of the islet and bank might be expected to differ 
from that of the British seas, and some interesting specimens of animal life not 
belonging to the British fauna were, in fact, discovered in trawling on the bank, 
The Great Shearwater was seen on the islet, but the nesting-place of this bird was 
sought in vain 

In the sixteenth century, one of Martin Frobisher’s ships, a ‘ Busse,’ when 
returning from the Arctic discovered an island of several miles in extent about the 
position of Rockall. Rockall and its reefs are not referred to in charts or writings 
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of that period. Whether this ‘Land of Busse’ could have been Rockall or not, 
rior to its last stage of denudation, has been fully discussed by Mr. Miller 
hristy ; he inclines to the negative. 

The old charts also indicate an islet called Hybrassil, about 300 miles to the 
south of Rockall, and it seems a strange coincidence that this also should occupy 
a site approximately the same as the Porcupine Bank, discovered within the last 
century, and rising as an isolated patch of shoal-water on the very utmost limit 
of the British plateau. 

A number of photographs illustrating fairly well the appearance of this lonely 
isle were shown. 


4. Charnwood Forest, a Buried Triassic Landscape. 
By Professor W. W. Warts, 77.G.S. 


5. Second Report on Terrestrial Surface Waves and Wave-like Surfaces. 
See Reports, p. 285. 


6. Note on Captain Sverdrup’s North Polar Expedition. 
Sy Sir CLements Marxkuam, X.C.B., FBS. 


7. With Lieutenant Peary in Greenland. 
By Professor Wi1tu1am Lipsey, Sc.D. 
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Section F.—ECONOMIC SCIENCE AND STATISTICS, 


PRESIDENT OF THE SECTION—Epwtn Cannan, M.A., LL.D. 


THURSDAY, SEPTEMBER 11, 


The President delivered the following Address :— 


Ir it happened every year that the President of this Section undertook to justify 
his own existence, I am afraid the Section would become weary. But my four 
distinguished predecessors have all been drawn from the Civil Service, and though 
each of us may have doubts about particular branches of the Civil Service, we are 
mostly willing to allow that as a whole it is at least a necessary evil, so that we 
do not get apologies from the Presidents who, so to speak, represent the practice 
of political economy. I hope, therefore, that you will bear with me if I offer 
some reasons for thinking that the teaching and study of the theory of economics 
is not, as many people seem to suppose, a wholly unnecessary evil, but, on the 
contrary, a thing of very great practical utility. 

I do not mean to argue that a knowledge of economic theory will enable a 
man to conduct his private business with success. Doubtless many of the par- 
ticular subjects of study which come under the head of economics are useful in the 
conduct of business, but I doubt if economic theory itself is. It does not indeed 
in any way disable a man from successful conduct of business; I have never met a 
competent economist who was in a position of pecuniary embarrassment, and many 
good economists have died wealthy. But economic theory does not tell a man the 
exact moment to leave off the production of one thing and begin that of another ; 
it does not tell him the precise moment when prices have reached the bottom or 
the top. It is, perhaps, rather likely to make him expect the inevitable to arrive 
far sooner than it actually does, and to make him underrate, not the foresight, but 
the want of foresight of the rest of the world. 

The practical usefulness of economic theory is not in private business but in 
politics, and I for one regret the disappearance of the old-name ‘ political economy,’ 
in which that truth was recognised. 

One of the commonest complaints of the time is that there is no text-book of 
economics which commands any really wide approval, and you may therefore, I 
think, fairly ask me to explain what I mean by the teaching and study of economic 
theory before I undertake to prove its practical usefulness in the discussion of 
legislative and administrative measures. I will therefore endeavour to sketch as 
shortly as possible the course of instruction which the modern teacher of economic 
theory, if unhampered by too close adherence to traditional standards, puts before 
those who come to him for instruction. 

The first, or almost the first, thing he will do is to try to open the eyes of his 
pupils to the wonderful way in which the people of the whole civilised world now 
co-operate in the production of wealth. He may perhaps read them Adam 
Smith’s famous description of the making of the labourer’s coat, a description which 
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required three generations and three great writers to elaborate in the form in which 
we know it. Or he will ask them to consider the daily feeding of London. 
There are, he will point out, six millions of people in and about London, so closely 
packed together that they cannot grow anything for their own consumption, and 
yet every morning their food arrives with unfailing regularity, so that all but an 
infinitesimal fraction of them would be extremely surprised if they did not find 
their breakfast ready to hand. To prepare it they use coal which has been dug 
from great depths hundreds of miles away in the Midlands or Durham; in con- 
suming it they eat and drink products which have come from Wiltshire, Jamaica, 
Dakota, India, or China, with no more thought than an infant consuming its 
mother’s milk. It is clear that there is in existence some machinery, some 
organisation for production which, in spite of occasional failures here and there, 
does its work on the whole with extraordinary success. It is easy to be pessi- 
mistic, especially when the weather is damp, and we are apt to concentrate our 
attention, and to endeavour to make others concentrate their attention, on this or 
that defect, and to forget that the system is not made up of defects, but on the 
whole works very well. Imagine the report of a really outside observer. In all 
civilised planets, I have no doubt, there must be an institution more or less 
resembling the British Association. An economist in Mars, let us say, has been 
favoured with a glimpse of this island through a new mammoth telescope of suffi- 
cient power to let him see us walking about, and he is reporting to Section F 
what he saw. Will he say that he saw a confused scramble for the scanty natural 
products of the earth? ‘That most people were obviously in a state of starvation? 
That few had clothes? And that scarcely any were housed? No, truly; he will 
be much more likely to report that he saw a wonderfully orderly population, going 
to and from its work with amazing regularity, without a sign of compulsion or 
unwillingness; that it appeared to be fed and clothed and housed in a way extra- 
ordinarily creditable on the whole to some mysterious organisation, the nature of 
which he could only guess at. 

Having endeavoured to make his pupils recognise that we are organised, and 
that the organisation works, the teacher will go on to show how it works: 
why things that are wanted are produced in the places where they can be easiest 
produced and taken to the places where it is most convenient to consume them ; 
why people go to live in large numbers in spots where it is desirable they should 
work, and leave great areas sparsely inhabited ; why more people are brought up 
to follow an occupation when the desire for its products increases, and fewer when 
it decreases; why if the harvest is short the consumption is economised so as to 
spread it over the year; and soon, The answer to all these questions is of course 
‘self-interest ’ or ‘the hope of gain.’ Durham coal, Wiltshire milk, Danish butter, 
Jamaica sugar, Dakota wheat, and China tea go to London because it pays to send 
them there. People congregate in London or Belfast because it pays them to work 
there. More do not come, because it would not pay them. Young people leave 
agriculture and go to towns to make agricultural implements or bicycles because 
it pays. The consumption of grain is economised and spread over the year because 
it pays to hold the stock. If people with one accord left off doing what paid 
we should all be dead in two months. 

The reasons why it pays to do the right thing—to do nearly what an omni- 
scient and omnipotent benevolent Inca would order to be done—are to be looked 
for in the laws of value. ‘This used to be regarded as a somewhat arid subject, 
but the discussions of recent years, especially the contribution made by Jevons and 
the Austrian school, have fertilised it. Long ago, economists pointed out how the 
much-abused corn-dealer who held out for a higher price saved the people from 
starvation ; and we now, thanks to the theory of final utility, not only know that 
it is a fact, but also why it is a fact, that value rises with the extent and urgency 
of demand, so that when a thing is much wanted much is offered to those 
who produce it, or are ready to part with it, and consequently its production is 
stimulated or its consumption economised, as need be. 

This will naturally lead to the question of distribution—the question, that is, why 
much of the produce falls to the share of one individual and little to that of another ; 
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why, in a word,some are rich and others poor. The teacher will here explain that 
the share of each person depends on the amount and yalue of his contribution to 
production, whether that contribution be labour or the use of property. He will 
show how this system of distribution is essential to the existing system of produc- 
tion, where no man is compelled to work or to allow his property to be used by 
others, and where every man has legal freedom to choose his own occupation and 
the uses to which he will put his property. He will beware of claiming for it that 
it is just in the sense in which justice is understood in the nurseries where jam is 
given when the children are good. There is, he will explain, no claim on behalf 
of the system that it rewards moral excellence, but only that it rewards economic 
service. There is no claim that economic service is meritorious. Whether a man 
can and does perform valuable economic service does not by any means depend 
entirely on his own volition. His valuable property may have come to him by 
bequest or inheritance ; his incapacity to do any but the least valuable work may 
be the result of conditions over which he has had no control. The system exists 
not because it is just, or to reward merit, but because it is inextricably mixed up 
with the system of production. It has one great evil—its inequality. Moralists 
and statesmen have long seen the evils of great inequality of wealth, and now, 
thanks to modern discoveries in economic theory, the econcmist is able to explain 
that it is wasteful, that it makes a given amount of produce less useful, because 
each successive increment of expenditure yields, as a rule, less enjoyment to the 
spender. The teacher will go on to show how this organisation of production and 
distribution is made possible by the order enforced by government, and how, in 
various ways, government supplements or modifies it; but I shall not enlarge 
upon this part of the teaching of economics, as its practical usefulness is obvious. 
My theme is the usefulness of the other part, the explanation of the organisation 
of production and distribution in so far as it depends on separate property, free 
labour, and the consequent action of self-interest. 

In the first place, 1 maintain that the widespread dissemination of such teaching 
would help to do away with a vast amount of most disastrous obstruction of neces- 
sary ard desirable changes. Take, for example, the obstruction offered to changes 
in international trade. Of course every conceivable argument has been used by 
different writers in wholly different circumstances for obstructing the co-operation 
of maukind in production, as soon as it oversteps a national boundary. But what 
is the real support of this kind of obstruction? Obviously the fact that certain 
producers, or owners of certain means of production, are damaged by an increase in 
the importation of a particular article. Their loss, their suffering, if their loss is 
severe enough to deserve that name, appeals. to popular compassion, and their 
request for ‘ protection’ is easily granted, the new trade is nipped in the bud, and 
things are forced to remain in their accustomed channels. The same principle is 
not applied as between county and county or between province and province, 
simply because there is then visible to everyone an opposing interest, the interest 
of the new producers, within the hallowed pale of the national boundary. Adam 
Smith tells us that when the great roads into London were improved, some of the 
landlords in the home counties protested on the ground that the competition of the 
more distant counties would reduce their rent. The home counties did not get 
the protection they wanted, because it was obviously to the interest of the more 
distant counties that they should not have it. ‘These two interests being balanced, 
the interest of the consumer, London, turned the scale. So it usually happens 
that beneficial changes in internal trade are allowed to take their course without 
obstruction because the votes of two sets of producers counteract each other, and 
the consumer's interest settles the question. But in international trade one of the 
two sets of producers is outside the country: it consists of hated foreigners, the fact 
that it will benefit is an argument against rather than for the threatened change 
in trade, and the consumers therefore feel it patriotic to sacrifice their own interest 
and vote for protection. But if they were properly instructed in economic theory 
they would see at once that such magnanimity is entirely misplaced. They would 
see that it would cut away all international trade, since, if there were no fallacy 
involved in it, the stoppage of each import taken separately would benefit home 
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producers and damage foreign producers. Even if some of the imported commo- 
dities could not be produced at all at home, substitutes, more or less efficient, 
could be produced and give all the more employment. Having acquired some 
notion of the advantages of co-operation and the territorial division of labour, the 
consumers would regard this as a reductio ad absurdum, and after thinking a 
little further they would soon see that, after all, there is another set of producers, 
actual or potential, within the country who will gain—namely, the producers, 
present or future, who will supply the articles which are to go abroad in exchange 
for the new import. They will see that what they are asked to do is not to main- 
tain the amount of national production, but merely to prevent a change in its 
character which will be accompanied by an increase in its amount. 

Take another example of Chinese obstructiveness to desirable change. As 
great cities grow, it becomes convenient that their centres should be devoted to 
offices, warehouses, and shops, and that people who work in these places, and 
still more their families, should live in the outskirts. I do not know that anyone 
has denied this. Certainly the great majority are willing to admit it. At one 
time it is believed that a quarter of a million people lived in the square mile com- 
prised within the City of London; no one supposes that would be convenient now. 
There is no reason to suppose that further change in the same direction will not 
be desirable in the future. Yet, incredible as it will appear to future generations, 
public opinion, the House of Commons, the London County Council, and some 
town councils think, or at any rate act as if they thought, that the process has 
now gone far enough and ought to be stopped; as if the state of things reached 
about the year 1891 was to be permanent, to last for ever and ever. Private 
owners are indeed still allowed to pull down dwelling-houses and erect shops and 
offices, but they are abused for doing so, and their liberty is at least threatened. 
But if a new railway or a new street is made—in all probability with the inten- 
tion of increasing the accessibility of the centre fromthe suburbs—if even a new 
London Board School is built, and houses inhabited by persons who have less 
than a certain income are pulled down in any of these processes, it is required 
by law or parliamentary resolution that other houses for these people must 
be built in the neighbourhood. So it comes about that there are in quarters 
of London most unsuitable for the purpose enormous and repulsive barrack 
dwellings, the sites of which are devoted in secula seculorum to the housin 
of the working classes ; while the immense cost of devoting them to this instea 
of to their proper purpose is debited to the cost of improving the facilities for 
locomotion or to education, and is defrayed principally by the rates on London 
property, which chiefly consists of houses, and to some extent by the higher 
charges on the railways consequent on the restriction of facilities for extension. 
Fifty pounds a head is the average loss involved to the rates of London on every 
man, woman, and child for whom these dwellings are provided. Such is the 
wisdom of practical men uninformed by instruction in economic theory. 

This palpable absurdity could never have been perpetrated if the general 
working of the economic organisation had been understood. In that case it 
would have been seen at once that the extrusion of over 200,000 inhabitants 
from the City of London in the past, which is admitted to have been desirable, 
was effected by the quiet operation of the laws of value. It would have been 
seen that as it became desirable to turn the City to other purposes, the ground 
in the City became too valuable to use as bedrooms and as living-rooms for 
mothers and children, and this increase of value drove out the 200,000 inhabit- 
ants. It would have been seen that the change had not come to an end, and 
no responsible body would have dreamt of putting themselves in opposition to it 
by buying sites and writing them down to 2 per cent. of their actual value in 
order that they might be tied up for ever and ever to be the homes of a certain 
number of persons with less than a certain income. If some unusually dense 
individual who had failed after many attempts to pass his examination in 
economic theory had proposed the policy which has been adopted, he would 
have been asked two questions: first, ‘ What peculiar sanctity is there about the 
position occupied in the closing years of the nineteenth century? Why should 
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this be stereotyped for alltime? Why should not the position at the end of the 
seventeenth century have been maintained ? Why should we not endeavour to 
restore the working classes to their old home in the City, and remove the Bank 
of England to Tooting?’ Secondly, ‘Whom do you imagine you will benefit 
by the policy you propose ?’ 

It is difficult to conceive of any answer to the first question. To the second 
the reply of the dunce.would of course be that he thought the policy proposed 
would benefit the people housed on these expensive sites. This answer would 
at once be condemned as unsatisfactory. To build houses on land worth 100,0002., 
and let them to the first-comers of respectable antecedents at rents which would 
pay if the land were worth 2,000/., would be a very stupid sort of almsgiving if 
these respectable first-comers actually got the difference between the interest on 
the 100,000/. and the 2,000/. But no one supposes that they do get this difference 
or any considerable part of it. ‘The difference is almost entirely pure loss to the 
community. The chief immediate effects of the policy are, first, to retain in the 
centre the men, women, and children who inhabit the dwellings; secondly, to 
yetain other workers who perform various offices for these inhabitants ; and thirdly, 
to ensure a supply of labour for factories which would otherwise (to the advantage 
of everyone concerned) be driven into the country by the pressure of the high 
wages necessary to bring workmen to the centre or to pay their house rent if 
they lived there. 

So much for the utility of economic theory in preventing obstruction of 
desirable changes. My second claim on its behalf is that it serves to hinder the 
adoption of specious but illusory projects. This, I think, may be illustrated by 
examples closely connected with those which we have already considered under 
the head of obstruction. 

The people who are most anxious to obstruct changes in the channels of trade 
which are coming about of themselves because they are profitable, are often 
extremely anxious to promote changes which will not come about of themselves 
because they are not profitable. or this end one of their most favourite devices 
at present is a State or municipal subsidy to locomotion or transport between 
particular points. So we have shipping subsidies, free grants to light railways, 
the construction of unprofitable telegraph lines by the post oftice, and the advocacy, 
at any rate, of the construction of unprofitable tramways by municipalities. The 
practical man, uninstructed in economic theory, feels uneasy about such projects 
because he does not see where he is to stop, and he feels obscurely that a universal 
subsidisation would mean ruin, But he does not see why he should not go a 
little way, and he goes sufficiently far to involve a loss quite worth considering. 
A knowledge of economic theory would come to his assistance by showing him 
that, as a rule, the most profitable enterprises are those which it is most desirable 
to undertake first, and that the subsidisation of the less profitable does not create 
new enterprises, but merely changes the order from the more desirable to the less 
desirable. I suppose that if in 1830 Parliament had offered a sufficient subsidy 
a railway might have been at once made and worked from Fort William to Fort 
Augustus, to the great satisfaction of the inhabitants of Fort Augustus and the 
intermediate places. But it is obvious that it was more desirable, in the interests 
of the whole community, that the railway from Fort William to Fort Augustus 
should wait for seventy years, and that the railway from Manchester to Liverpool, 
and many others, should be made first. 

Then, too, we find people who are not quite so stupid as to think the working 
classes should always remain in the places where they were at the end of the 
nineteenth century, alleging that the way to cure overcrowding is for local 
authorities to enter the building trade in a general way, and build houses inside or 
outside their districts, wherever it seems most convenient. ‘To the mind uninstructed 
in economic theory it seems obvious that the larger amount of housing there is the 
less overcrowding there will be, and that the more housing local authorities pro- 
vide the more housing there will be. Economic theory, with its explanation of 
the general working of the organisation of production, suggests two objections. 
First, an addition to the housing in any locality will not be effectual in diminishing 
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overcrowding, in so far as it attracts new inhabitants to the spot; a policy which 
assumes that the comparative plentifulness of houses is not a factor in the deter- 
mination of the enormous and perpetual migration of people from place to place 
which is indicated in the tables of birthplaces and births and deaths in the census, 
is doomed to failure. Secondly, economic theory suggests the reflection that the 
mere fact of a local authority building some houses will not cause the whole 
number to be greater, if for every house built by the local authority one less is 
built by private enterprise, and that this is very likely to happen. Houses have 
been built by private enterprise in the past, and in these houses nearly the whole 
population is at present housed. I have seen an enthusiast for municipal housing 
stand in the empty streets of a town late at night, when every soul in the town 
was evidently housed, and say, in a tone of conviction, ‘Private enterprise has 
failed.’ In that town four small houses had been built by municipal enterprise 
and more than ten thousand by private enterprise, and private enterprise was 
adding hundreds every year, while the housing committee of the corporation was 
meeting once a year to re-elect its chairman. Is it likely that private enterprise 
will build as much when it is competed with or supplemented by—the term does 
not matter—municipal enterprise ? Why should it? If the municipality turned 
baker, would the private bakers continue to bake as much bread? Is not the 
attempt to stop overcrowding by inducing local authorities to build houses exactly 
the same thing and just as absurd as it would be to attempt to cure under-feeding 
by opening municipal butchers’ and bakers’ shops ? 

In the long run, I admit, experience teaches. Protection has fallen once in this 
country, and I have little doubt that it will fall again if it becomes considerable. 
The policy of obstructing the removal of dwellings from the centre of a great city 
already excites opposition in the London County Council, though unanimity still 
reigns in those last homes of extinct superstitions, the Houses of Parliament. 
Chancellors of the Exchequer and finance committees may be trusted to offer a 
stout resistance, on what they call financial grounds, to any really great develop- 
ment of the system of subsidies. There is hope even that the municipal building 
policy may be checked by the laborious inquiries which show by statistics what 
everyone knows, that the poor are ill-fed and ill-clothed as well as ill-housed, and 
therefore lead people to consider how the poor may be made more able to pay for 
houses, among other things, instead of simply how houses may be built in the 
absence of an effective demand for them. But I claim that, in matters such as 
these, a more widespread appreciation of economic theory, and the quickened 
intelligence which that would produce, would save us much painful experience, 
many expensive experiments, and an enormous mass of tedious investigation. 

Thirdly and, at any rate on the present occasion, lastly, I claim that the 
teaching and study of economic theory has great practical utility in promoting 
peace and good will between classes and nations. 

Between classes within the same nation the peacemaking influence of economic 
theory lies chiefly in the fact that it tends to get rid of that stupid ery for ‘rights’ 
and ‘justice’ which causes and exacerbates industrial and commercial quarrels. 
‘When demand for some commodity falls, or supply from some new quarter arises, 
and profits and wages fall, the workers ery out that they are being unjustly 
treated, because they have the unfounded belief that reward is or ought to be 
proportional to moral merit, and they are not conscious of any diminution of their 
moral merit. They demand a living wage or a minimum wage and employment 
for all who happen to have been hitherto employed in the trade, rend the air with 
complaints, and get subscriptions from a compassionate but ill-informed public. 
We cannot, of course, expect people who suffer by them to regard even the most 
beneficial operations of the economic organisation with enthusiasm or even satis- 
faction. It would be absurd to do so. But all the same, it is true that a wider 
apprehension of the fact that it is only by raising and lowering the advantages 
offered by different employments that production is at present regulated so as to 
meet demand would not only diminish the dissatisfaction, but also, which is more 
important, diminish the actual suffering by causing transitions to be less 
obstinately resisted. The present fashion of deploring rapid changes of trade and 
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dwelling-place is a most unfortunate one; the ordinary forms of labour do not, as 
a matter of fact, require such specialised ability that there should be much difficulty 
in changing from one to another ; and surely it is much better for aman to work 
at several different things at different places in the course of his life than to stick 
for ever in the same place, surrounded by the same objects, going through the 
same monotonous round of duties. Anything which will weaken the present 
obstructive sentiment and lead people to regard the necessity of a change of 
employment or residence as a temporary inconvenience rather than a cruel injustice 
is to be warmly welcomed. 

It is not, however, only the poor and the industrious who would be taught by 
a greater knowledge of economic theory not to kick against very necessary pricks. 
The rich, both industrious and idle, would be taught to be far more tolerant than 
they are ‘of attempts to diminish inequality of wealth by reducing the wealth of 
the rich as well as increasing that of the poor. The economist may be a little 
annoyed with the workman who insists that he ought to have thirty shillings a 
week for producing something worth fifteen shillings, or five shillings, or nothing 
at all, but he can only have hearty contempt for the millionaire who holds up his 
hands in holy horror and murmurs ‘ confiscation,’ ‘robbery,’ ‘ eighth command- 
ment,’ when it is proposed to relieve him of a fraction of a farthing in the pound 
in order to bring up destitute orphans to an occupation in which they may earn 
twenty-five shillings a week. The sanguine teacher of economic theory has hopes 
of making even such a man see that he has his wealth, not because Moses brought 
it down from Sinai, or because of his own super-eminent virtue, but simply because 
it happens to be convenient, at any rate for the present, for society to allow him 
to hold it, whether he obtained it by inheritance or otherwise. In other words, 
that private property exists for the sake of production, not for the sake of the 
particular kind of distribution which it causes. Some, I know, say that the rich 
are so few that it does not much matter whether they acquiesce in the measure 
meted to them or not; but that is not the teaching of history, and I think you will 
agree with me that for the progress of the whole community it is, in practice, quite 
as important to secure the acquiescence of the rich as of the poor. 

In regard to international relations, the first business of the teacher of 
economic ‘theory is to tear to pieces and trample upon the misleading military 
metaphors which have been applied by sciolists to the peaceful exchange of 
commodities. We hear much, for example, in these days of ‘England's com- 
mercial supremacy, and of other nations ‘ challenging’ it, and how it is our duty to 
‘repel the attack,’ and so on. The economist asks what is ‘commercial supre- 
macy ?’ and there is no answer. No one knows what it means, least of all those 
who talk most about it. Is it selling goods dear? Is it selling them cheap? Is 
it selling a large quantity of goods in proportion to the area of the country ? 
or in proportion to its population ? or absolutely, without any reference to its area 
or population? It seems to be a wonderful muddle of all these various and often 
contradictory ideas rolled into one. Yet what a pile of international jealousy and 
ill-feeling rests on that and equally meaningless phrases! The teacher of economic 
theory analyses or attempts to analyse these phrases, and they disappear, and with 
them go the jealousies suggested by them. 

When misleading metaphors and fallacies are dismissed, we are left with the 
facts that foreign trade—the trade of an area under one wovernment with areas 
under other governments—is merely an incident of the division of labour, and 
that its magnitude and increase are no measures of the wealth and prosperity of 
the country, but merely of the extent to which the country finds it convenient to 
exchange commodities of its own growth or manufacture for commodities produced 
elsewhere. If the city of York were made independent, and registered its imports 
and exports, they would come out far larger per head of population than those of 
the United Kingdom or any other great country. Should we be justified in 
concluding York to be far richer than any great country? If means were 
discovered of doubling the present produce of arable land with no increase of 
labour, much less corn would be imported into Great Britain and less of other 
goods would be exported to pay for it; the foreign trade of the country would 
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consequently be diminished, but would the people be any less prosperous? What 
jealousies, heart-burnings, and unfounded terrors leading to hatred would be 
extinguished if only these elementary facts were generally understood ! 

To anyone who has once grasped the main drift of economic theory, it will be 
plain that the economic ideal is not for the nation any more than for the family 
that it should buy and sell the largest possible quantity of goods. The true states- 
man desires for his countrymen, just as the sensible parent desires for his 
children, that they should do the best paid work of the world. ‘This ideal is 
not to be obtained by wars of tariffs, still less by that much greater abomination, 
real war, with all its degrading accompaniments, but by health, strength and 
skill, honesty, energy, and intelligence. 


The following Papers were read :— 


1. The Localisation of Industry. By Rev. W. Cunnincuanm, D.D. 


The economic principles which account for the concentration of industry so 
that it may be conducted on a large scale are very familiar. It is worth while to 
discuss, so far as possible—I. The conditions which have led to the concentration 
of a given trade in one particular locality ; and II. The probabilities of a counter- 
acting tendency in favour of decentralisation. 

I. Concentration is partly due to physical conditions, as in the case of coal- 
mining, or of favourable circumstances for growing some crop; but the transport 
of material is so easy that industry is less bound than was formerly the case to the 
area where it can be obtained, Facilities for water power have had much to do 
with localisation in the past, though good opportunities for trade have been even 
more important. These last accounted for the extraordinary growth of London 
- at the expense of other towns in the seventeenth century. When a trade has 
been consciously planted in any district, it has been due to conditions of life rather 
than merely to the conveniences for the industry. Some aliens (Flemings in four- 
teenth century) have been attracted to England by political and others (Hugue- 
nots) by religious conditions; while the terms which a particular organiser could 
offer have accounted for the development of the trade under his supervision, as in 
the case of Crommelin and the linen trade. Physical conditions will always be an 
element, but the business capacity of some capitalist seems to be the main factor 
in the successful planting or developing of trade in a particular locality. 

Il. The process of decentralisation may be observed in recent years in connec- 
tion with the trade of London and other ports respectively. It showed itself in 
the diffusion and increased prosperity of the clothing trade in the eighteenth 
century, when the large employer had little, if any, economic advantage over the 
domestic workman. ‘The conditions of life which can be offered in garden cities 
may tend in favour of decentralisation; and though the survival of the village 
artisan seems unlikely, there is a possibility of organising industrial employ- 
ments in rural districts. Still though decentralisation may help to cure over- 
crowding it is unlikely to revive the old type of village life. 


2. The Influence of Economic History on EKconomic Theory. 
By Arcu. B. Cuark, M.A. 


The battle of the schools which about twenty years ago absorbed the attention 
of economists, threatened to seriously impede the advance of economic science, and 
did for a time accentuate the prevailing distrust of the teaching of economists, is 
now a matter of history; and it is possible to estimate with some approach to 
impartiality the abiding influence of the controversy on economic theory. 

It is common knowledge that the historical school has failed to make good the 
¢laim of its extreme representatives to transform or revolutionise economic science 
by substituting, for the abstract statical laws reached by the hypothetical deductiye 
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method of the Ricardian school, historical investigation, yielding at most 
dynamical laws or generalisations as to the course of economic development. The 
extravagance of the claim provoked an equal extravagance of repudiation. But it 
is now generally admitted that there is room for both the economic historian and 
the economic theorist; and their labours have become mutually helpful in propor- 
tion as each has confined himself more strictly to his proper sphere. 

There can be no doubt that economics, in common with modern science gene- 
rally, has gained immensely from the application of the historical method. It is 
not merely that the study of economic history has furnished abundant material 
by means of which the economic theorist can illustrate or test his deductive con- 
clusions. It has led, in the interpretation of theory itself, to a really effective 
recognition by economists of the truth that in most cases their conclusions or laws 
have merely a hypothetical and in others only a 7vedative validity. In this way it 
has done much to remove the basis of that popular misconception of, and antipathy 
to, political economy for which the teaching of Ricardo and his early disciples 
was in some degree responsible. 

The influence of the historical conception in this direction is seen if we con- 
sider that among the leading defects of the teaching of the early Ricardians were— 
(1) Their employment of faulty abstractions which, as in the case of capital, gave 
rise to (2) an intensely materialistic view of industrial progress. As a consequence 
of this, (6) in their treatment of distribution the force of attention was misdirected, 
and the influence of efficiency on wages was ignored. Human nature was treated 
as a constant, and labour as a mere commodity, of which the price was inevitably 
determined, under the influence of free competition, by the laws of demand and 
supply. Thus (c) it was tacitly assumed that the mechanical theory of exchange 
exhausted the problem of distribution. This was associated with another defect, 
namely, (2) their treatment of these faulty abstractions as if they were concrete 
realities, e.g. the ‘economic man.’ From this, again, naturally followed (3) their 
incautious advocacy of Zaisser faire, as exemplified especially in their opposition 
to the early Factory Acts. 

On all these points the historical conception has profoundly influenced the 
teaching of the latest representatives of the classical English school. But the 
tendency, elsewhere prominent, on the part of the leaders of the historical school 
to confuse ethical and economic considerations, and to justify a great extension of 
the sphere of governmental action, has had little influence in this country, where 
the application of the historical and comparative method is generally held to have 
decidedly strengthened the presumption in favour of freedom of contract, and 
against governmental action, as the general rule. 


3. The Position of Economics and the Applied Sciences in a proposed 
Oniversity Training of Persons intended for a Commercial Life. 
By W. RB. Scorr, M.A., D.Piil., Litt.D. 


‘Tligher Commercial Education’ is intended to provide a suitable training 
for persons who aim at discharging the duties of responsible positions in business. 
Such education should embody the principles of subjects taught: therefore it falls 
within the sphere of the university. The relative importance of principles of 
knowledge as opposed to applications of principles constitutes the distinction 
between the university and the technical college. 

In Germany, about twenty years ago, higher commercial education was under- 
stood as the study of science and its application to industries. But a training in 
applied science alone is not a complete commercial education, because such train- 
ing ignores the claims of economics, 

In England the tendency is towards the opposite extreme of proposing the 
extension of the study of economics and political science as a higher commercial 
education. The following are examples of recent developments in this direction : 


(1) The proposed curriculum for Honours in Economies at Cambridge, as 
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suggested by Professor Marshall, the chief subjects being History, Economics, 
and Political Science. 

(2) The existing Honours Degree in Economic Science at the Scottish 
Universities. 

(3) A proposed post-graduate school at Oxford in Economics and cognate 
subjects. 

(4) The new degrees of B.Sc. and D.Sc. (in Commerce, &c.) at London 
University, the subjects for the ordinary B.Sc. being Economics, History, Public 
Finance, and either Accountancy or a legal subject. 

(5) The Edinburgh scheme of granting the M.A. degree (with certain modifi- 
cations) in ‘ commercial’ subjects. 


While these schemes are satisfactory so far as they go, they cannot be accepted 
as supplying a complete education of the future business man by the university. 
For instance, they give no teaching that would be helpful towards the understand- 
ing of the processes of manufactures, therefore they need to be supplemented by 
courses in applied sciences. Such teaching (¢.y., economics and applied science) 
has the advantages of both the English and German systems. ‘I'wo schemes 
endeavour to effect this union—that of the Birmingham Faculty of Commerce 
(adapted for a university which works on the three-term system with a B.A. 
degree) ; and a scheme proposed for universities, such as those of Scotland, with a 
long session. 


(1) The Birmingham Scheme ofters the degree of Bachelor of Commerce after 
a three years’ course. The following are the subjects of examination at the end 
of the third year: A.—Six papers in all of the following: 1, Commerce ; 
2, Modern Languages ; 3, Accounting ; 4, Commercial Law ; 5, Transport. B.—Six 
papers chosen from the following: 1, Technique of Trade; 2, Money, Credit, &c.; 
3, Methods of Statistics; 4, Factory Hygiene; 5, (i) Physics; (ii) Chemistry ; 
(iii) Engineering ; (iv) Metallurgy ; (v) Economic Geology ; (vi) Electro-technies ; 
(vii) Brewing ; (vii) Mining. 

(2) A Scheme adapted to the Scottish Universities, proposing the degree of 
B.Sc. (in Economics and Applied Science) after two courses of lectures and two 
examinations in each of the following subjects selected by the student: First 
examination in three subjects on the M.A. standard. Final examination in three 
or more subjects on an honours standard (one subject at least to be taken from 
Group ii), Subjects: Group iil, Commercial Law; 2, International Law ; 
3, Modern History ; 4, Political Science, Group ii.—5, Agriculture; 6, Economic 
Botany ; 7, Geology, &c.; 8, Engineering; 9, Political Economy; 10, Public 
Finance; 11, Pure Economies, Banking, &c.; 12, Technological Chemistry ; 
18, Technical Zoology ; 14, Transport. 


The advantages of the last proposal are that in every case the student will 
enter on the applied part of his course after having acquired a sufficient acquaint- 
ance with the principles of his subject. The flexibility of the scheme enables 
subjects to be grouped so as to answer the needs of most businesses, The exten- 
sion of the influence of the universities to include practical interests would be 
valuable both to them and the students of the proposed curriculum, 


FRIDAY, SEPTEMBER 12. 


The following Papers were read :— 


1. Trusts: from the Point of View of Economical Theory. 
By Professor W. Granam, IZA. 


The principal object of the paper is to attempt to estimate the effect of a 


general Trust system on the chief economic categories—namely, production, prices, 
profits (including interest), and wages. 
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In it I have endeavoured to show: (1) That production under a Trust system 
would be largely increased on account of certain economies and greater returns. 
(2) That the question of wages, so difficult even under the present system, half 
competitive, half of combination, would not be more difficult on the whole under 
a Trust system; and that self-interest would prevent a reduction of wages below 
former levels, from the increasingly clear perception of intelligent managers that 
good labour is worth high wages, and inferior labour often ‘ dear at the price,’ 
though low; that accordingly wages might, ceteris paribus, be as high as under 
the existing order, though Trade Unions would occupy a less strong position than 
at present to enforce their desires by a strike, without being entirely helpless; that 
the employment of the working classes would probably be more steady, though 
their sense of independence might not be so strong. (8) That as regards prices, 
while the Trusts would have power of fixing them at discretion, and in some cases 
would be much tempted to raise them beyond what competition-prices would 
have been, that nevertheless their sense of self-interest, if not of pecuniary 
interest, would be a check on the most important cases; and that while there 
would probably be a difference between competitively determined and monopoly 
determined prices, unfavourable to certain classes of consumers, it would be less 
than some enemies of Trusts apprehend, owing in part to the elements of monopoly 
at work at present in determining prices. (4) That profits and the rate of profits 
as understood by Mill, and consequently dividends or profits minus wages of 
manager and insurance, would be raised, and raised more because manager’s salary 
is a fixed amount; but that some of the owners of capital would not be benefited 
by the rise on account of the shares taken by promoters and underwriters. 

‘These general theoretical conclusions are afterwards compared with the results 
of some of the more notable American experiments in Trusts, as gathered from 
American economists, with a view to test their soundness and applicability to real 
cases that may arise, especially in countries under a system of Protection, which 
give a much fuller scope to the evolution of Trusts. 


2. Shipping Combinations. 
Ly Bexepicr Witi1am Ginspure, M.A., LL.D. 


The subject divides itself into two parts, the first is historical, namely tracing 
the combinations which have already been effected, and the causes which have con- 
tributed to their happening. Most of those of which we have had experience have 
been consolidations of existing interests and absorptions of minor services which 
great companies have judged likely to serve as useful feeders to their main lines, 
The Atlantic combination now betore the public is of a different character. It is 
an application of the American trust system to the exploitation of the sea-carrying 
trade. 1t involves of necessity a considerable dilution of the capital of the business 
it absorbs. Its success, from a shareholder’s point of view, must therefore involve 
either a raising of freights to make a due return on the larger capitalisation, or a 
considerable economy in operation to make the net profit sufficient to give the 
proposed return. ‘The first of these two alternatives would seem to involve the 
setting up of a monopoly, since the Protectionist policy of the United States under 
which the great body of their trusts have been built up will not assist the promo- 
motion of this enterprise. The ‘through bill of lading,’ of which so much has 
been said in this connection, is not a new institution, and cannot for several reasons 
be pressed indefinitely. In the first place its success would depend on practical 
control of the railways to the eastward. In the second, American pride in the 
restoration of the influence of the Stars and Stripes on the sea, if not of its actual 
reappearance on ocean steamers, will not induce Americans to submit to large 
increases in-the payments for carriage, since eventually in the open markets for 
produce the American shippers would feel the effects of such increase. A continued 
and{appreciable increase in freights would depend on the establishment of a mono- 
poly, since outside tonnage can be attracted to paying stations, though outside fac- 
tories_cannot be brought into competition with land businesses. The success of 
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the combine must therefore depend on the promised large economies, How far 
the promise that two and a half millions sterling can be saved each year by cen- 
tralisation of control is subject to the comments that, though the expenses may be 
cut down the incitement to individual effort is continuously lessened, whilst the 
beneficial effect of laying up redundant vessels in slack times is minimised by the 
fact that the large items of interest on cost, depreciation, and insurance run on 
against the laid-up ships, whilst the competitors of the combine—who do not con- 
tribute to the charges in respect of these ships—benefit, equally with their owners, 
by their removal from the competition. The considerations which make it doubtful 
how far the shareholders in the absorbed companies will benefit by what is taking 

lace do not apply to Belfast’s interest inthe matter. She will undoubtedly benefit 

y the certainty of regular demands for the produce of her yards. Nor is it 
likely at present that a change of flag will take place. But whilst the promised 
economies in working may prove illusory or transitory, the additions to the capital 
on which any return to shareholders must be made are certain, large, and abiding. 


3. Municipal Trading. By Hon. Rosert P. Porter. 


The broadest objections to municipal trading would seem to be six in number :— 
The injurious effect upon the work strictly within the municipal sphere of opera- 
tion; the fact that in giving attention to trading operations the ‘ unproductive’ 
work is almost certain to be neglected ; the tendency to discourage improvement 
or development; the engendering of ill-feeling which is sure to arise when the 
taxpayer finds himself obliged to help defray the cost of competing with himself; 
the difficulty in adjusting the burden of a trading undertaking on the right 
shoulders, and such an equitable regulation of the charge as will not put a burden 
on those who derive no benefit ; the impossibility of drawing a line as to which 
industries shall be taken up by municipalities,and which shall be left to individual 
enterprise. 

In the early part of the last century the various State Governments of the 
United States entered into financial partnership with the promoters of canals; 
and later, when steam railways were introduced, States and cities, and towns and 
counties, were alike appealed to for assistance in building railways. Nor was the 
appeal unheeded, for in the forties and fifties an epidemic, very similar to the 
present fever for municipal trading in England, literally swept over the country, 
and ended in bankruptcy and ruin, not only of cities and towns, but of important 
States. Bonds issued by State and local authorities for the promotion of railways 
went in default. 

These and kindred experiences taught us the useful lesson that there was a 
limit to State and municipal credit. The taxpayers of those times, who saw their 
property practically confiscated to pay for enterprises which should have been left 
to individual endeavour or private speculators, invented a device known to us as 
‘the debt-limit clause’; and this clause, in some form or other, has been inserted 
in nearly every State Constitution drawn and adopted since those days of financial 
disaster and destruction of State and local credit. 

Partially because of the debt limitation, and partially because private enterprise 
has been allowed a freer headway in such undertakings as the supply of gas, 
electric lighting, tramways, and telephones, we find in the United States no city 
owning and operating its own tramways and street railways, probably less than 
half a dozen manufacturing gas, a very few engaged in supplying electric light, 
and, I think, not one in the telephone business. 

Municipal trading is rapidly increasing municipal debt in England, and serious 
complaints may be heard on all sides in consequence of the increase of local 
taxation. The answer is that the debt is ‘ productive,’ and that the profits of 
these industrial undertakings will be used to reduce the taxes. Sir Henry Fowler’s 
admirable statistical classification of indebtedness shows that the so-called ‘pro- 
ductive’ debt is only about half of 1 per cent. beyond the danger line; that is, the 
dividend or profit from this debt averages half of 1 per cent, If, in consequence 
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of the anxiety in financial circles at the steady increase of local debt, the rate of 
interest should rise } per cent. on all local securities, what would become of the 
‘productive’ debt? Assuming that the trading debt represents one-third of the 
total loca] debt, a rise of a } percent. would extinguish the ‘ productive ’ properties 
of these loans, and, in a sense, throw them on the rates. 

Without suggesting any remedy for municipal trading, an alternative plan 
would be the leasing system, which, when the contracts are wisely drawn, secures 
the revenue for the city treasury and good cheap service for the public. On the 
other hand, it shifts the financial risk from the ratepayers’ shoulders. This, with 
some form of debt limitation, will gradually modify existing conditions, especially 
if backed by a strong public opinion in opposition to further use of public funds in 
this manner. In spite of the activity of municipalities in England, private capital 
has not been entirely beaten in the race; while I observe in certain quarters it 
holds its own admirably in competition with tax-exploited industry. Even the 
capital invested in private company electrical undertakings is increasing, and this 
in spite of almost insurmountable obstacles. It is a case for gradual readjustment, 
not violent change. With the facts fully understood, the people will by degrees 
curtail these unwise and dangerous economic experiments, and bring cities back to 
the sphere of work which is strictly their own. 


4. Municipal Policy and State Control. By Percy Asuiry, B.A, 


1. The problem of municipalisation has ceased to be argued on theoretical 
grounds; it has become a question of practical expediency. In this it resembles 
the larger controversy about national economic policy, and it is possible that the 
growing belief in the necessity of State intervention in economic matters, in order 
to promote national efficiency, is due in part to the development of municipalisation. 

The municipalities have realised that for them competition has rarely been 
effectual, and that in the interests of city administration it is advisable for them to 
intervene. The tendency has been therefore for public services to pass rapidly 
from the uncontrolled to the controlled state, and then to municipalisation. This 
is the case not only in Great Britain, but elsewhere; for example, in Prussia, 
where it is the work of an anti-Socialist bureaucracy. 

2. The theoretical line of demarcation between services which may or may not 
be municipalised is then abandoned; a practical distinction must be sought. 
Each case must be considered separately, with reference to two questions: 
(1) Is it likely to promote municipal efficiency ? (2) Can it be properly conducted 
by the municipality which proposes to undertake the service ? 

In regard to (1), municipalisation will, primd facie, promote efficiency when 
the particular public service concerns (a) public health, which is the real reason 
for the existence of modern local authorities, and (4) the control of the streets. 

In regard to (2), there are two important matters to be considered, The first 
is the financial aspect of the proposal. The problem of local debt is much dis- 
cussed at present, but it must be remembered that nearly half of it has been 
incurred for remunerative services (lighting, water-supply, &c.); and of the 
remainder much has been incurred compulsorily, and some part (e.g. expenditure on 
sewers) is indirectly remunerative. But in regard to any particular proposal, 
account should be taken of the amount of debt to be incurred, the relation of the 
total debt of the town to its assets and rateable value, the arrangements for 
payment of interest and contributions to depreciation and sinking funds. It is 
also necessary to decide if a service is to be classed as remunerative or unremunera- 
tive; for the first a fee should be charged rather than a price, for the second a 
charge on the rates may be allowed. It is possible that housing will have to be 
placed in the second class. The other point to be considered in regard to (2) is 
the administrative ability of the local authority concerned, and its real intention to 
make use of the powers sought (so as to avoid the recent scandals in the matter 
of the supply of electricity). 

3. Can we devise a system of control which will deal adequately with all these 


TRANSACTIONS OF SECTION F, 701 


considerations? All our present methods defective. A suggestion for a new 
system. 
$ There should be a standing committee, consisting of members of the two 
Houses of Parliament, together with an extra-Parliamentary panel of persons 
nominated by the County Councils Association, the Association of Municipal 
Councils, and the Local Government Board. To this committee all private Bills 
containing proposals involving municipalisation should go; it would (a) decide all 
questions of new powers, and all points submitted by sub-committees, in full 
meeting ; (4) deal with the details of each separate application hy sub-committees. 
It should be required to have before it in all cases (1) a report from the authority 
(Local Government Board or other) which controls finance on the financial part 
of the proposal and the financial position of the local authority applying for 
power, and (2) a report on the general question of the proposal from any Govern- 
oe tlie concerned (Home Oflice, Board of Trade, Local Government 
oard), 
ie general instructions to the committee the following principles should be 
laid down: The general character and quality of the local authority which makes 
the application must be considered in any grant. Each municipal enterprise must 
be classed by the committee as remunerative or unremunerative, and in the former 
case the principle of a fee rather than a price should be enforced whenever possible. 
The accounts of each separate undertaking must be kept as fully and distinctly as 
those of a similar enterprise conducted by an ordinary firm ; they should be subject, 
not merely to a State audit, but to an accountant’s audit, paying special regard to 
depreciation and sinking funds. Finally, the committee should fix a reasonable 
time within which the local authority shall make use of its powers or (unless it 
can show reasonable cause for delay) have them revoked. 


SATURDAY, SEPTEMBER 13. 


The Section did not meet. 


MONDAY, SEPTEMBER 15. 


The following Papers were read :— 


1. A Sketch of the Linen Industry of Ireland. 
By Sir R. Liuoyp Parterson, D.L., PLS. 


The capital engaged in the business is estimated at about twelve millions ster> 
ling, and the number of operatives directly employed at about seventy thousand, 
earning some 3,000,000/. annually in wages. 

The paper refers to the probable origin of the trade, and the source whence it 
may first have come to Ireland; and mentions instances of Irish linen being 
alluded to in history in the ninth, tenth, and twelfth centuries. 

Passing over the intermediate period, the writer arrives at the year 1699, when 
a French Huguenot refugee named Crommelin settled in Ulster, and introduced 
many improvements in the methods of flax preparation and manufacture pre- 
viously prevailing. 

The Linen Board was established in 1711. 

Flax-spinning was done by hand till 1828, and linen-weaving by hand till 
1847, in which years the mill-spinning of yarn and the power-loom began to 
supersede the former methods. The rise and progress of these new processes is' 
described, reference being made to the simultaneous decline of the formerly im- 
portant industry of cotton-spinning in Belfast and neighbourhood. 

The rise of and subsequent fluctuations in flax-growing in the country and the 
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concurrent fluctuations in prices of home-grown and other flaxes are alluded to; 
as are also the exports of yarns and linens—the latter a gradually diminishing 
quantity of late years. 

The importation of flax yarns into Ireland is increasing, while their export is 
diminishing; and this change has affected the direction of trade. The effect of 
the American war and consequent high prices of cotton on the linen trade, and 
the reaction following that period of inflation, are traced; and an attempt is made 
to account for the recent decline in the linen industry of the world, in which 
decline Ireland suffers much less than her British and Continental competitors. 

A new fabric, the Kneipp linen mesh underwear, is affording a fresh outlet for 
yarn ; but still more variety is wanted in linen manufactures. 

The legitimate manufacturer is injured by the undue length and over-laxity of 
credits. 

‘Wages and the housing of the operatives are discussed. 


2. A British Zollverein, or Preferential Tariffs within the British Empire. 
By His Honour Judge Suaw, K.C. 


There are two main proposals for establishing closer commercial relations 
between the various parts of the Empire. One is a British Zollverein, or a General 
Customs Union, which shail embrace every part of the Empire. The other is the 
establishment of a system of tariffs by which the United Kingdom shall give 
preferential advantages to the products of the Colonies and other parts of the 
Empire, whilst the other parts of the Empire shall give similar advantages to the 
products of the United Kingdom and of each other. 

It is very often assumed that these two proposals are similar in tendency and 
effect. This is a total mistake. The two proposals are opposite to, and almost 
contradictory of, each other. A British Customs Union would be a measure of Free 
Trade, abolishing all Customs barriers and restrictions upon commerce within the 
Empire. Preferential tariffs, on the other hand, are essentially Protective in their 
tendency, and imply the existence of those barriers within the Empire which a 
Customs Union would abolish. The two proposals, therefore, must be kept quite 
distinct in our minds, and dealt with on entirely different lines, 


J. A British Zollverein would mean absolute freedom of trade within the whole 
British Empire, a common Customs barrier as against all the rest of the world, and 
no Customs or duties to be payable on transit from one part of the Empire to the 
other. It is useless to consider whether this would be destable until we have first 
ascertained that it is practicable. It is at present wholly impracticable, for the 
following reasons :— 


1. There is no common central authority within the Empire to regulate the 
imposition of Customs duties, their collection, and their division among the various 
parts of the Empire. 

2. A common Customs would necessitate also a common Excise within the 
Empire. 

3. It would mean a complete break-up and rearrangement of the whole fiscal 
system both of the United Kingdom and of the other parts of the Empire. Tea 
from India, for example, could not be taxed in the United Kingdom, and manu- 
factures from Great Britain could not be taxed in the Colonies. 

4, The Colonies are not prepared for Free Trade within the Empire, and have 
decidedly rejected every proposal in that direction. 


II. The proposal for preferential tariffs takes two forms :— 


Firstly, there is the proposal to impose a uniform tax of 5 or 10 per cent. on all 
foreign imports into any part of the British Empire. 


To this proposal there are three decisive objections :— 
1, As Sir R. Giffen has shown, an enormously large proportion of this tax 
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would be paid by the manufacturers and consumers of the United Kingdom, and a 
very insignificant part by the other parts of the Empire. 

2. So far as the United Kingdom is concerned, the tax would fall almost 
exclusively upon imports of food and raw materials of manufacture, the very 
articles which it is most vital to British industry to procure from the cheapest and 
most convenient markets ; whilst in the other parts of the Empire it would fall 
almost exclusively upon manufactures the importation of which it is the policy of 
the Colonies to discourage. : 

3. The Colonies and other parts of the Empire would gain enormously by a 
tax which raised the price of food and raw materials in the markets of the United 
Kingdom, whilst the United Kingdom would gain comparatively little by any tax 
which raised the price of its manufactures in the Oolonies. 


Secondly, there is the proposal embodied in the resolution of the New Zealand 
Government of December 1901, in favour of the Colonies giving a rebate of duties 
on British-manufactured goods carried on British-owned ships, and the Mother 
Country giving a rebate of duties on colonial products now taxable. 


1, There can be no objection to the Colonies showing their good will to the 
Mother Country by reducing their tariffs in favour of the products of the Mother 
Country ; but what can the Mother Country do in return ? 

2. Preferential tariffs therefore, if there is to be reciprocity, necessarily involve 
the Mother Country putting on taxes on her imports of food and raw materials for 
the sake of remitting them in favour of her Colonies. 

3. This would involve a tremendous disturbance in our manufacturing system 
and our foreign trade, and a rise of price all round in our food and raw materials. 

4. It would also involve us in difficulties with those foreign nations which 
concede to us by treaty the most-favoured-nation treatment for our exports. 

5. The effect of the rebate of duties already conceded to us by the Dominion of 
Canada does not encourage us to expect any great results from such rebates 
elsewhere. 

6. Our whole commercial and fiscal system is founded upon principles of Free 
Trade ; that of the Colonies is founded on Protection. The proposal under con- 
sideration practically comes to this: that instead of the Mother Country, as in old 
times, dictating a commercial policy to the Colonies, the Colonies should dictate a 
commercial policy to the Mother Country. 


3. The Effects on Ireland of the Adoption of Free Trade by the United 
Kingdom. By Brnsamin Aen, IA. 


The principles of Free Trade have passed through many changes in public, 
and even in scientific estimation. The refusal of the civilised world to abandon 
the Protectional policy is among the causes which have led to this change, for 
the prediction that the world would soon follow England's example has not been 
fulfilled, Another cause is the state of Ireland. This country shows a rapidly 
decreasing population, while the progress of England in population and wealth 
during the last half-century has been enormous. So far as Ireland is concerned 
there is ample proof that Free Trade has had some very important results. At 
the time of the Union the population was a little more than five millions ; 
in forty years it rose to more than eight millions, and these eight millions of 
people lived in a considerable degree of comfort, as they understood it. Ireland 
Was at one time a wheat-growing country. Its native Parliament encouraged 
this industry by bounties on exports and inland carriage. One result was a 
rapid increase in population. In the thirty years preceding the Union and in the 
forty-six years from the Union to the repeal of the Corn Laws, Ireland was the 
granary of England. It now imports grain of all kinds. This revolution in 
the economic condition of the country was the result of the adoption of Free 
Trade. Irish wheat ceased to have the monopoly of the English market. Mr. 
Lecky states that the chief cause of depopulation of Ireland was the conversion 
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of arable into pasture land, and that this was entailed by Free Trade. The 
emigration statistics show how rapidly this depopulation took place. From 1851 
to 1860 the emigrants from Ireland numbered 1,163,418; 1861-70, 849,836 ; 
1871-80, 623,933 ; 1881-90, 770,706; 1891-1900, 433,526; a total from 1851 to 
1900 of 3,841,419, consisting of 2,013,344 males and 1,838,075 females. The 
large majority of these emigrants were young, strong, and enterprising—just the 
class which it is most desirable to keep at home. ‘hus in 1900, 82°3 per cent. 
were between the ages of 15 and 35. It would be difficult to estimate the 
national loss caused by this vast emigration, which is still going on, though not 
quite so rapidly. Not only has wheat almost ceased to be grown, but the acreage 
under flax, formerly a most profitable crop, has greatly diminished, owing to the 
free importation of flax from Belgium and other countries. It may be said that 
this is good for the linen trade, but that is doubtful. The trade is not as prosperous 
as it was, and it depends for its existence almost on the steady supply of imported 
flax. 

The loss inflicted on Ireland by the destruction of a large part of its cereal 
and flax-growing industry has not been compensated by gain in other directions. 

The revenue from the export of cattle has not increased to an extent at all 
corresponding to the loss from the causes mentioned. In England, though agyri- 
culture is depressed, manufactures have flourished. It has not been so in Ireland. 
Her agriculture has been ruined, and her manufactures, except in Belfast, have 
not increased. 

The suggestion that a remedy should be sought for in a moderate measure of 
Protection is not outrageous. Reflection on our national weakness due to the 
dependence of the people for their food-supplies on imports from foreign countries 
has stimulated the tendency to look towards Protection, and that tendency 
ought also to be increased by a consideration of the state of Ireland. In Ireland 
the work of the rent-fixing courts, and the creation by the Land Purchase Acts 
of a peasant proprietary on a large scale, would enable those who are actually 
engaged in agriculture to enjoy the prosperity which a moderate measure of 
Protection would afford. 


4. The Instability of Prices in India before 1861. 
By Professor T. Morison, J.4. 


It has been asserted that: prices have been more stable in India than in Europe. 
The object of this paper is to show, by the publication of price-lists for the earlier: 
years of the nineteenth century, that the tendency of prices in India has 
been from irregularity to stability ; that the prices before 1861 fluctuated violently 
and irregularly ; and that as means of communication improved, and as India came 
under the influence of Western trade, prices became comparatively stable. 

Table I. gives the prices of wheat at eight different centres in Rohilkhand and 
the Doab—that is to say, in a comparatively small area of the N.W. Provinces 
of India—from 1803 to 1860. ‘Table II. gives the available prices for barley, and 
Table III. for bajra. The price of wheat in Bareilly is represented by a price- 
curve from 1805 to 1899. This curve shows that before 1861 the price of wheat 
fluctuated violently, on five several occasions the difference of price within the 
space of one year being over 20 seers; the lowest price recorded in the century is 
73 seers to the rupee (in 1815), and five years later (1820) the price had risen 
(temporarily) to 18 seers tothe rupee. The fluctuations in the price of the coarser 
grains, the staple food of the people, are even more extravagant ; there seems to 
have been no such thing as a normal price for barley or bajra. The extreme limits 
of variation for barley are 120 seers to the rupee in 1829, and 28 seers (ten 
years later) in 1839; for the decade 1809-1818 the prices are 51, 57, 110, 95, 58, 
96, 118, 87, 66, and 34 seers to the rupee. But, great as are these fluctuations, 
they do not in all probability represent the full extent of the actual variations, 
for these prices are the average prices of the year; and we know, from the differ- 
ence between harvest prices and annual prices, that the fluctuations within the 
twelvemonth were hardly less surprising. 
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. By reference to the charts it will be seen that after 1861 prices grew steadily 
more stable, though with a marked upward tendency, due to the inflation of the 
rupee currency. In the last thirty years the price of wheat oscillates between 
a maximum of 9 seers and a minimum of 25 seers to the rupee, and barley between 
the limits of 12 seers and 38 seers. This comparative stability is due to improve- 
ment in the means of communication. In the earlier half of the nineteenth 
century every town and village constituted an isolated and independent market ; 
nowadays, owing to metalled roads and railways, there is practically one price for 
grain all over India. 

It may be objected that the figures I have given are only for cereal crops, 
which are particularly exposed to the vicissitudes of climate, and that I have not 
shown that all prices were liable to these fluctuations. In a country so wholly 
agricultural as India, the prices of grain are almost the only prices available. I 
have, however, been able to find a record of the price of one article of general 
consumption which is not affected by the causes which produce famine prices in 
cereals. Table IV. gives the price of ghz in Pilibhit from 1818 to 1854, which is 
represented on a price-curve that reveals very considerable fluctuations. This is 
the more remarkable because ghz belongs to that class of commodities the supply 
of which cannot be very largely increased or decreased in a short space of time; 
the fluctuation in price is therefore probably due in part to a fluctuation in demand, 
and thus illustrates the contention that before 1860 the tendency of silver prices 
in India was to fluctuate, and not, as is sometimes contended, to be stable. 


5. The Depopulation of Ireland : its Causes and Economic Results. 
By J. H. Enear, IA. 


The decrease in the population of Ireland still continues, and is attracting 
serious attention. The population in 1901 was 4,458,775. In 1800 it was 
five millions, and in 1846 over eight and a half millions. The great increase in 
the first half of the century was the result of the extreme subdivision of the soil, 
consequent on the rise of prices during the French war. There was no standard 
of comfort to act as a restraining influence on the increase of numbers. The 
country was in danger of becoming a pauper warren. Landlords commenced to 
save the situation by consolidating the holdings, and were aided in this end by the 
famine of 1846, which struck down over 700,000. The famine and the consolidating 
policy were the chief factors in the phenomenal emigration of the next few years ; 
reference to census table to show results. From the year 1854 to the year 1875 
the consolidation of the small holdings and the change from tillage to pasture 
were the chief causes of the falling numbers. Sketch of the Landed Estate Court, 
its object and ultimate results—increased severity of evictions, and the conse- 
quent changes in the population. 

In Ireland there are no great industries to check emigration. Halt at 1875 to 
show by reference to quick changes in agricultural prosperity the importance of 
agriculture on the numbers of the people. 

Increased decline in decade 1881-91 and its causes. General insecurity in 
land tenure—mighty influence on emigration, Ireland’s loss can only be ex- 
plained by local causes, Influence of taxation. 

Consequences—benefit to emigrants. To residue—wages high. This is now 
itself a cause of decline of tillage. Poverty less. Reference to Savings Bank 
returns. More cattle and land per head of population, but decline in horses ; 
gratifying increase in poultry. Joint-stock banks show steady and great pro- 
gress. Many explanations of above. Unsatisfactory increase of unproductive 
classes. The country has got rid of weight of paupers of famine time, and the 
emigration ought to be stayed. Any further loss must be mischievous, 
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6. The Population of England and Wales during the Bighteenth Century. 
By Professor E. C. K. Gonnumr, JA. 


In considering the population for the eighteenth century, that is, for the century 
preceding the first census, there are two matters to consider : 


(1) The particular value of a knowledge of the population for that century. 
E.y., it would enable us to answer three important questions:—(a) Effect on the 
country at large of Walpole’s peaceful policy in the early decades. (6) Date when 
manufacturing began to be the dominant interest in England. (c) Date when 
changes in methods of agricultural ownership and cultivation began to affect the 

opulation of rural districts. i 

(2) Material for estimating population in the eighteenth century. These in the 

main are two: (a) house-tax returns— 


i. These employed by contemporaries and formed the subject of certain violent 
controversies, especially in the latter part of the century. 
ii. But these statistics have certain peculiar defects, mainly by reason of evasion. 


(>) Returns made of baptisms, burials, and marriages at earlier dates, 
Parishes in England summarised in Prefaces to Census Returns, 1831 and 1841, 
With regard to these the estimate formed on them tend to over-estimate the 
population in the eighteenth century. 


The general conclusion arrived at is that the increase of population during the 
eighteenth century was much greater than is generally thought. 


TUESDAY, SEPTEMBER 16. 
The following Report and Papers were read :— 


1. Report on the Economic Effect of Legislation Regulating Women’s 
Labour.—See Reports, p. 286. 


2. History of the Regulation of Home Work, 1864-1901. 
By Miss B. L. Hurcuins. 


Factory legislation had been a subject of violent controversy in the first half 
of the nineteenth century. During the sixth and seventh decades the opposition 
lost much of its bitterness, and public opinion gradually inclined to accept the 
principle of State control. The Children’s Employment Commission of 1862-66 
recommended the extension of regulation to children employed by their parents in 
their own homes. In 1867 a Workshops Act was passed which was intended to 
place the hours and conditions of women and children’s labour under a uniform 
system of regulation, not only in workshops, but in the smallest workplaces where 
“any handicraft’ was ‘exercised for gain.’ This Act was ill-drafted, administra- 
tively weak, and consequently ineffective. 

From 1874 onwards there was 2 renewal of opposition to Factory legislation, 
especially in regard to restrictions on women’s work. The Factory and Work- 
shops Consolidation Act of 1878 exempted domestic workshops and women’s work- 
shops from most of the provisions applicable to workshops generally. The evidence 
given before the Lords’ Committee on the Sweating System in 1889-90, showed 
the effect of these exemptions, and in the subsequent period there has been a new 
movement in fayour of legislative control. Amending Acts have been passed, 
aiming (among other things) at levelling up the provisions for health and safety 
in workshops and work-rooms. Among suggestions for further strengthening the 
law, which have been made by Mr. Charles Booth, Mrs, Sidney Webb, and others, 
are the following :— 


TRANSACTIONS OF SECTION F. 707 


(1) Compulsory registration of all workshops. 

(2) The landlord, jointly with the employer, to be made responsible for the 
sanitary condition of work- places. 

(3) Extension of Clause 107 of the Act of 1901 to all industries. This clause 
requires that in any class of work specified by special order of the Secretary of 
State, the occupier of a factory or workshop, or contractor employed by him, shall 
keep lists of the out-workers employed, such lists to be sent twice a year to the 
district council, and to the factory inspector, when required. 


3. The Administration of the Factory and Workshops Acts by Local 
Sanitary Authorities. By Miss A. Harrison. 


Domestic workshops have been more or less under legislative control for 
nearly forty years, and during this time various experiments have been made 
with regard to the administration of the Factory and Workshops Act in work- 
shops. These experiments are particularly interesting to students of Local 
Government, as they present problems in connection with the relation between 
central and local authorities. 

Domestic industries were for a long time considered to be beyond the prevince 
of legislative control, partly because it was thought that it would be impossible 
to enforce the regulations in small scattered workshops, and in the homes of 
industrial workers. The Children’s Employment Commissioners of 1864 
pointed out that this objection could no longer be raised, as the local inspectors 
appointed under the Public Health Act needed only to be armed with specific 
powers to enforce the Factory Acts in workshops. 

In 1867 the experiment was made of placing the Workshops’ Regulation Act 
in the hands of the local sanitary authorities. With a few notable exceptions 
the local authorities either ignored the Act or refused to administer it. 

The experiment failed for the following reasons :— 


(1) No form of control was exercised by the central authority over the local 
bodies to compel them to undertake the duties laid upon them. 

(2) Inadequate powers were given to the officers of the local authorities. 

(3) The indefinite nature of the regulations made the Act a most difficult 
one to administer. 


In 1871 the administration of the Workshops’ Regulation Act was handed over 
to the Home Office, and for the next twenty years the inspection of workshops 
under the Factory Acts was carried on entirely by the inspectors of factories. 
Owing to the large number of scattered domestic and other workshops the factory 
inspectors met with great difficulty in their attempts to discover unnotified work- 
shops, and many of those in which the worst conditions prevailed escaped 
inspection altogether. 

In 1891, when women’s workshops were brought under the same sanitary 
regulations as ordinary workshops, and when the law with regard to the sanitary 
condition of workshops generally was made more stringent, the local authorities 
were made responsible for the sanitary condition of all workshops, and the duty 
of discovering unnotified workshops was placed upon them. With a few excep- 
tions, the local authorities have merely acted upon complaints, and have failed to 
take any initiative with regard to the discovery and inspection of workshops. This 
is to be accounted for by (1) the lack of central control, and (2) the absence of 
facilities for enabling local authorities to undertake the inspection of out- 
workers. 

These defects are partly remedied by the Factory Act of 1901, which requires 
that lists of out-workers shall be sent to the district councils, and provides for a 
certain amount of central control, by requiring local authorities to keep registers 
of workshops, and to report on the administration of the Factory and Workshops 
Act. But it is probable that more control will have to be exercised by the 
central authority over the local bodies to compel them to appoint an adequate 
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number of inspectors of workshops. This might be done by the method of 
grants-in-aid, the Government contributing towards the salaries of the inspectors, 
with power to withdraw the grant in case the local authorities do not come up to 
the required standard of efficiency. 

In towns where special inspectors of workshops have been appointed, evidence 
is given that effective administration is possible under the present system of dual 
control. With the further extension of the regulation of home work, the proposal 
to transfer the entire supervision of workshops to the Home Office becomes more 
and more impracticable, for the discovery and inspection of domestic workshops can 
be undertaken only by those who are authorised to carry on a house-to-house 
visitation for sanitary purposes. 


4. Nature’s Economics. By Miss HELEN BLACKBURN. 
i] 


Legislation regarding the economics of industry should be in harmony with 
the economics of nature, which requires of all human beings that they seek the 
control of their own surroundings as much as in them lies. 

The old phrase, ‘spear side and spindle side, by which our forefathers ex- 
pressed the industrial conditions of earlier days, indicates the direction of the chief 
occupation of women, while men and women worked into each other’s hands in 
many directions. 

By the aid of science, with its introduction of steam power, industrial econo- 
mics entered a new era. We read of a parallel change going on in South Africa 
which illustrates this. The introduction of the plough which is drawn by cattle 
is robbing the native women of the field work which they regard as their right, 
for with the South African native the management of cattle is the exclusive 
privilege of men. So with ourselves by means of machinery the domestic arts of 
women have been carried into the province of men. They find themselves by no 
fault or choice of their own in competition with men. 

The moral effects are more serious than the industrial. Home is no longer a 
school of domestic art. Legislation is invoked to readjust harmony. 

By the common application of few rules and simple, nature provides har- 
monious variety. Our industrial legislation on the contrary works by excep- 
tions, thereby bringing about class legislation, which always falls heaviest on the 
weakest. 

In the textile trades women have natural special advantages over men, but in 
the greater number of trades the fitness of men or women for the work is a matter 
of personal capacity and circumstances. In these a very small consideration turns 
the scale and causes women to be regarded as rivals, not as helpmates. 

Our economic jurisprudence, weakened by the exclusion of women from repre- 
sentation, induces the sentimental idea of control from without. 


5. The Regulation of Wages in Developed Industries. 
By Professor 8. J. Cuapman, JA. 


This paper does not deal with the fundamental determinants of wages, but merely 
with the principles adopted for deliberately regulating them (where they are 
deliberately regulated), and the machinery by which the principles are applied. 
It is now commonly assumed that wages (whether time-rates or piece-rates) 
should vary with profits, but ‘profits’ may stand for several different concep- 
tions. There are ‘particular’ profits—z.c., the profits of particular firms; and 
‘general’ or ‘normal’ profits—i.e., ‘marginal’ profits; ‘average’ profits, im 
addition, are frequently referred to during disputes as to wages, but by these 
‘marginal’ profits or ‘normal’ profits are to be understood as a rule. In some 
businesses in which the relations between the several human factors employed are 
close, wages may be settled by the rise and fall of ‘particular’ profits; but in 
general, if profits are to rank as determinants, the ‘normal’ profits in the industry 


must be understood. The regulation of wages by normal profits is not so simple 
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as it appears to beat first sight, since the determination of profits, with any degree 
of exactness, in most industries is impossible. However, in some industries, such 
as coal-mining, iron-smelting, and cotton-spinning, the movements in the prices 
of some few commodities may be taken as a rule to indicate the movements in 
profits. For instance, in the cotton industry ‘margins’ are taken to vary as 
normal profits, and by ‘margins’ are meant the differences between the market 
prices of raw cotton and of yarns. It can be taken that in some industries the 
determination of normal profits may be made usually with sufficient ease and 
accuracy for practical purposes. Even in these cases, however, the question of 
the regulation of wages is not settled, for it has further to be decided (1), whether 
wages shall vary directly, and at the same rate, as normal profits, and (2), how 
frequently a movement shall take place, z.e., over how long a period the normal 
profits shall be reckoned. Arbitration seems to imply that the rate at which 
wages and profits shall be made to vary together can be fixed for all time or a 
long period of time ; and the objection has consequently been made to arbitration 
that when it is admitted fully into an industry the employés are prevented from 
rising above a certain position. Such dislike to arbitration as exists, is largely 
grounded on the desire to render possible at any time resettlements of the rates 
between profits and wages. But it is not yet clearly perceived as a rule, that 
many strikes might be avoided by an appeal to arbitration for the settlement of 
matters of fact and calculation, after the fundamental principle upon which the 
readjustment of wages was to be made had been accepted by both parties. 
Again, no little difficulty has been caused by the fact that the question of the 
intervals between readjustments of wages has never been exhaustively discussed. 
The advocates of sliding-seales—which have also met with the same criticism 
as arbitration—have frequently assumed that the ‘sliding’ should be ideally 
continuous, so that wages and profits might feel alike the ‘ups and downs’ of the 
industry, To such an arrangement, however, and to any arrangement closely 
approximating to it, the gravest objections can be found, at any rate at the present 
time. It is obvious that the method of regulating wages must be different under 
different industrial forms. 


6. Some Urgent Needs of a Great City. By Miss L. A. WALKINGTON. 


The paper refers to the city of Belfast, and five urgent needs are pointed out. 
(1) Homes for the dying.—These are required for refined, educated, poor gentlemen 
and ladies, such as tutors and governesses, who for various causes cannot be nursed 
by friends. Their essentials are privacy and rapid admission on proper recom- 
mendation, without the delay of election. (2) Open spaces for children’s play- 
grounds,—Great danger and inconvenience are caused by children, who have no 
proper playground provided for them, playing in the streets. Playgrounds should 
be provided, one in each crowded locality, not necessarily large or elaborately got 
up, but with benches, shelters, sand, and trees. The resulting benefits would be 
found in improved health and happiness of the children and comfort of pedestrians. 
(3) Libraries in raised type for the blind.—An outline of the history of raised-type 
books is given. They are of great benefit, and free libraries containing them are 
needed, (4) Clubs for working girls——These should have suitable eating and 
sleeping accommodation, and are needed in working districts for mill and factory 
workers, who are exposed to danger when lodging in private houses. They 
should be near the girls’ work, cheap, attractive, and run on business principles. 
(5) Homes for inebriates.—There is only one such home in Ireland, that for 
inebriate women in Belfast. More are needed, and further legislation is required. 


7. The Increase in Consumption in Ireland. By Ropert Brown. 


The author drew attention to the following statistics of consumption, a 
disease which is accountable for nearly one sixth of all the deaths in Ireland 
and about one half of all deaths between the ages of fifteen and thirty-five. 
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Deaths from Consumption per 10,000 of the Population. 


England and Wales | Ireland 
Average: 1870-1875 . . . . 24 | 19°5 
1880-1885 A : é hehe Tt 21 
1895-1900 f 2 ( > 4 213 
1900 4 2 4 eh Bib 22°8 


England and Wales are reducing their death-rate from consumption at a fairly 
rapid rate, and an average reduction of about 40 per cent. in thirty years is taking 
place in every civilised country in the world of which statistics are to hand, except 
in Ireland, where the death-rate from consumption is steadily on the increase ; and 
although both Dublin and Belfast have made some progress it is very small 
compared with what has been made by Glasgow and Paisley- 


Death-rate per 10,000 of the Population from Consumption. 


Glasgow | Paisley | ~ Dublin Belfast 
— 
1880-85 : ° Se Bu 27 35 39 
1896-1900 '. 5 . 20 18 | 32 33 


The author considers that as a general rule the sanitary authorities are very 
much behind in the way they perform their duties and tolerate a state of filth in 
Treland which would not be permitted in any other country. The people are 
content to live in a state of dirt and discomfort, having little desire for cleanli- 
ness in their persons or homes, and a glance at the pavements and railway car- 
riages will show visitors that the filthy habit of spitting is indulged in here to an 
extent to which they happily are not accustomed. 

It is suggested that the increased use of bread and tea, till they are now 
almost the sole diet of the working classes, is sapping the vitality of the latter, and 
is probably the chief cause of their increasing liability to consumption. Everyone 
who knows how the working classes live will agree that an immense proportion of 
them drink large quantities of strong stewed tea four or even five times a day. 
Prepared and taken thus, it does harm chiefly by dulling the craving for food, and 
so enables the people to be satisfied with an insufficient dietary. The fact, also, 
that it is always ‘bite and sup’ with them, and the food is washed down quite 
unmasticated, still further taxes the unfortunate stomach. 
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Section G.—ENGINEERING. 


PRESIDENT OF THE SECcTION—Professor JoHN PrrRy, D.Sc., F.R.S, 


THURSDAY, SEPTEMBER 11. 


The President delivered the following Address :— 


Tuts Section has had sixty-six Presidents, all different types of engineer. As 
each has had perfect freedom in choosing the subject for his Address, and each has 
Imown of the rule that Presidential Addresses are not subject to debate after- 
wards,! and as, being an engineer, he has always been a man of originality, of 
course he has always chosen a subject outside his own work. An engineer knows 
that the great inventions, the great suggestions of change in any profession, come 
from outsiders. Lawyers seem like fish out of water when trying to act as law- 
makers. The radical change that some of us hope to see before we die in the con- 
struction of locomotives will certainly not come from a locomotive superintendent 
who cannot imagine a locomotive which is not somehow a lineal descendant of 
the Rocket. 

Hence it is that in almost every case the President of this Section has devoted 
a small or large part of his Address to the subject of the education of engineers. I 
grant that every President has devoted his life to the education of one engineer— 
himself—and it is characteristic of engineers that their professional education 
proceeds throughout the whole of their lives. Perhaps of no other men can this 
be said so completely. To utilise the forces of Nature, to combat Nature, to com- 
prehend Nature as a child comprehends its mother, this is the pleasure and the 
pain of the engineer.” A mere scientific man analyses Nature: takes a phenomenon, 
dissects it into its simpler elements, and investigates these elements separately in 
his laboratory. The engineer cannot do this. He must take Nature as she is, in 
all her exasperating complexity. He must understand one of Nature’s problems as 
a whole. He must have all the knowledge of the scientific man, and ever so much 
more. He uses the methods of the scientific man, and adds to them methods of his 
own, The name given to these scientific methods of his own or their results is 
sometimes ‘ common-sense,’ sometimes ‘ character,’ or ‘ individuality,’ or ‘ faculty,’ 
or ‘ business ability,’ or ‘instinct.’ They come to him through a very wide experi- 
ence of engineering processes, of acquaintance with things and men. No school or 


1 The Committees of Sections G and L having arranged a discussion on ‘ The Edu- 
cation of Engineers, and this Address being regarded as opening the discussion, the 
rule is not in force this year. 

2 Of all the unskilled labour of the present day, surely that of the modern poet is 
the most grotesque. How much more powerful and powerless man seems to us now; 
how much more wonderful is the universe than it was to the ancients! Yet our 
too learned poets prefer to copy and recopy the sentiments of the ancients rather 
than try to see the romance which fills the lives of engineers and scientific men 
with joy. 
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college can do more than prepare a young man for this higher engineering educa- 
tion which lasts through life. Without it a man follows only rule of thumb, like 
a sheep following the bell-wether, or else he lets his inventiveness or love of theory 
act the tyrant. 

When a man has becomea great engineer, and he is asked how it happened, what 
his education has been, how young engineers ought to be trained, as a rule it is a 
question that he is least able to answer, and yet itis a question that he is most ready 
to answer. He sees that he benefited greatly by overcoming certain difficulties in 
his life; and forgetting that every boy will have difficulties enough of his own, for- 
getting that although a few difficulties may be good for discipline many difficulties 
may be overwhelming, forgetting also that he himself is a very exceptional man, he 
insists upon it that those difficulties which were personal to himself ought to be 
thrown in the path of every boy. It often happens that he is a man who is accus- 
tomea to think that early education can only be given through ancient classics. He 
forgets the dulness, the weariness of his schooldays. Whatever pleasure he had in 
youth—pleasure mainly due to the fact that the average Anglo-Saxon boy invents 
infinite ways of escaping school drudgery—he somehow connects with the fact that 
he had to learn classics. Being an exceptional boy, he wasnot altogether stupefied, 
and did not altogether lose his natural inclination to know something of his own 
language ; and he is in the habit of thinking that he learnt English through Latin, 
and that ancient classics are the best mediums through which an English boy can 
study anything.! The cleverest men of our time have been brought up on the 
classics, and so the engineer who cannot even quote correctly a tag from the Latin 
grammar, who never knew anything of classical literature, insists upon it that a 
classical education is essential for all men. He forgets the weary hours he spent 
getting off Euclid, and the relief it was to escape from the class-room not quite 
stupefied, and he advocates the study of pure mathematics and abstract dynamics as 
absolutely necessary for the training of the mind of every young engineer. I have 
known the ordinary abominable system of mathematical study to be advocated by 
engineers who, because they had passed through it themselves, had really got to 
loathe all kinds of mathematics higher than that of the grocer or housekeeper. 
They said that mathematics had trained their minds, but they did noc need it in 
their profession, There is no profession which so much requires a man to have 
the mathematical tool always ready for use on all sorts of problems, the mathe- 
matical habit of thought the one most exercised by him; and yet these men insist 
upon it that they can get all their calculations done for them by mathematicians 
paid so much a week. If they really thought about what they were saying, it 
would be an expression of the greatest contempt for all engineering computation and 
knowledge. He was pitchforked into works with no knowledge of mathematics, 
or dynamics, or physics, or chemistry, and, worse still, ignorant of the methods of 
study which a study of these things would have produced; into works where 
there was no man whose duty it was to teach an apprentice; and because he, one 
in a thousand, has been successful, he assures us that this pitchforking process is 
absolutely necessary for every young engineer. He forgets that the average boy 
leaves an English school with no power to think for himself, with a hatred for 
books, with less than none of the knowledge which might help him to understand 
what he sees, and he has learnt what is called mathematics in such a fashion that 
he hates the sight of an algebraic expression all his life after. 

I do not want to speak of boys in general. I want only to speak of the boy 
who may become an engineer, and before speaking of his training I want to men- 
tion his essential natural qualification—that he really wishes to become an engineer. 
I take it to be a rule to which there are no exceptions that no boy ought to enter 
a profession—or, rather, to continue in a profession—if he does not love it. We all 
know the young man who thinks of engineering things during office hours and 


' The very people who talk so much of learning English through Latin neglect 
in the most curious ways those Platt-Deutsch languages, Dutch and Scandinavian, a 
knowledge of which is ten times more valuable in the study of what is becoming the 
speech of the world. And how they do scorn Lowland Scotch ! 
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never thinks of them outside office hours. We know how his fond mother talks of 
her son as an engineer who, with a little more family influence and personal favour, 
and if there was not so much competition in the profession, would do so well. It 
is true, family influence may perhaps get such a man a better position, but he will 
never be anengineer. He is not fit even to be a hewer of wood and drawer of water 
to engineers. Love for his profession keeps a man alive to its interests all his time, 
although, of course, it does not prevent his taking an interest in all sorts of other 
things as well; but it is only a professional problem that warms him through with 
enthusiasm. 1 think we may assume that there never yet was an engineer worth 
his salt who was not fond of engineering, and so I shall speak only of the educa- 
tion of the young man who is likely to be fond of engineering. 

How are we to detect this fondness in a boy ? I think thatif the general educa- 
tion of all boys were of the rational kind which I shall presently describe, there 
would be no great difficulty ; but as the present academic want of system is likely 
to continue for some time, it is well to consider things as they are. Mistakes must 
be made, and the parent who tries during the early years of his offspring to find out 
by crafty suggestion what line his son is likely to wish to follow will just as probably 
do evil by commission as the utterly careless parent is likely to do evil by omission. 
He is like the botanical enthusiast who digs up plants to see how they are getting 
on. But in my experience the Anglo-Saxon boy can stand a very great deal of 
mismanagement without permanent hurt, and it can do no kind of boy any very 
great harm to try him on engineering for a while. Even R. L. Stevenson, whose 
father seems to have been very persistent indeed in trying to make an engineer of 
him against his will, does not seem, to a Philistine like myself, to have been really 
hurt asa literary man through his attendance on Fleeming Jenkins’ course at 
Edinburgh—on the contrary, indeed. It may be prejudice, but I have always 
felt that there is no great public person of whom I have ever read who would not 
have benefited by the early training which is suitable for an engineer. Iam glad 
to see that Mr. Wells, whose literary fame, great as it is, is still on the increase, 
distinguishes the salt of the earth or saviours of society from the degraded, use- 
less, luxurious, pleasure-loving people doomed to the abyss by their having had 
the training of engineers and by their possessing the engineer’s methods of thinking. 

It may be that there are some boys of great genius to whom all physical 
science or application of science is hateful. I have been told that this is so, and 
if so I still think that only gross mismanagement of a youthful nature can have 
produced such detestation. For such curious persons engineering experience is, of 
course, quite unsuitable. I call them ‘curious’ because every child’s education in 
very early years is one in the methods of the study of physical science; it is 
Nature’s own method of training, which proceeds successtully until it is inter- 
fered with by ignorant teachers who check all power of observation and the 
natural desire of every boy to find out things for himself. If he asks a question, 
he is snubbed ; if he observes Nature as a loving student, he is said to be lazy and 
a dunce, and is punished as being neglectful of school work. Unprovided with 
apparatus, he makes experiments in his own way, and he is said to be destructive 
and full of mischief. But however much we try to make the wild ass submit to 
bonds and the unicorn to abide by the crib, however bullied and beaten into the 
average schoolboy type, I cannot imagine any healthy. boy suffering afterwards 
by part of a course of study suitable for engineers, for all such study must follow 
Nature’s own system of observation and experiment. Well, whether or not a 
mistake has been made, I shall assume the boy to be likely to love engineering, 
and we have to consider how he ought to be prepared for his profession. 

I want to say at the outset that I usually care only to speak of the average 
boy, the boy usually said to be stupid, ninety-five per cent. of all boys. Of the boy 
said to be exceptionally clever [ need not speak much. Even if he is pitchforked 
into works immediately on leaving a bad school, it will not be long before he 
chooses his own course of study and follows it, whatever course may have been 
laid down for him by others. I recollect that when in 1863 I attended an evening 
class held in the Model School, Belfast, under the Science and Art Department, 
on Practical Geometry and Mechanical Drawing, there was a young man attending 
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it who is now well known as the Right Honourable William J. Pirrie. He had 
found out for himself that he needed a certain kind of knowledge if he was to 
escape from mere rule-of-thumb methods in shipbuilding work; it could at 
that time be obtained nowhere in the North of Ireland except at that class, and of 
course he attended the class. For forty-two years the Science and Art Depart- 
ment, which has recently doubled its already great efliciency, has been giving 
chances of this kind to every clever young man in the country, from long before 
any Physical Science was taught in any English public school.!' The one essential 
thing for the exceptional boy is that he shall find within his reach chances to 
take advantage of ; chances of learning ; chances of practice; and, over and above 
all, chances of meeting great men. It takes me off my subject a little, but I 
should like here to illustrate this matter from my own personal experience. 

I had already heen an apprentice for four years at the Lagan Foundry when I 
entered Queen’s College for a course of Civil Engineering. I suppose that there 
never was on this earth a college so poorly equipped for a course of engineering 
study. Even the lecture-room—this lecture-room in which you are now sitting— 
was borrowed from the Physics Professor. There was a narrow passage, ironically 
called a ‘ Drawing Room,’ and this was the only space reserved for engineering in a 
town whose engineering work was even then very important. ‘here were some 
theodolites and levels and chains for surveying, but nothing else in the way of 
apparatus. But there was as Professor a man of very great individuality; he 
acted as President of this Section twenty-eight years ago. I can hardly express 
my obligations to Professor James Thomson. It was my good fortune to be # 
pupil both of this great man and of his younger brother Lord Kelvin, as well as 
of Dr. Andrews. It is not because these three men were born in Belfast that we 
here call them great. It is not because Tait, late of Edinburgh, and Purser, now 
the President of Section A, were professors at this College that we call them great 
All the scientific men of the world are agreed to call these men very great indeed. 
To come in contact with any of them, even for a little while, as a student altered 
for ever one’s attitude to Nature. It was not that they gave us information, 
knowledge, facts. The syllabuses of their courses of study were nothing like so 
perfect as that of the smallest German polytechnic. And yet if a youth with a 
liking for physical science had gone to a German Gymnasium to the age of nine- 
teen, and had become a walking encyclopedia on leaving one’s polytechnic at the 
age of twenty-four, the course of that life-study would not have done for him as 
much good as was done by a month’s contact with one of these men. People call 
it ‘personal magnetism,’ and think there is something occult about it. In truth, 
they revealed to the student that he himself was a man, that mere learning was 
unimportant, that one’s own observation of some common phenomenon might lead 
to important results unknown to the writers of books. They made one begin to 
think for oneself for the first time. Let me give an example of how the thing 
worked. 

James Thomson was known to me as the son of the author of my best 
mathematical books, but more particularly as the man who had first used Carnot’s 
principle in combination with the discovery of Joule, and I often wondered why 
Rankine and Clausius and Kelvin got all the credit of the discovery of the second 
law of thermodynamics. Men think of this work of his merely as having given 
the first explanation of regelation of ice and the motion of glaciers. He was 
known to me as the inventor of the Thomson Turbine and Centrifugal Pump and 
Jet Pump. His name was to be found here and there in all my text-books, 
always in connection with some thoroughly well-worked-out investigation, as it is 
to be found in all good text-books now; for wherever he left a subject, there that 
subject has remained until this day; nobody has added to it or found a mistake 
in it. He was to mea very famous man, and yet he treated me as a fellow- 


? T once stated that my workshop at Clifton College in 1871 was the first school 
workshop in England. I understand that this is a mistake; there had been a work- 
shop at Rossall for some years. But I believe I am right in saying that my 
physical laboratory at Clifton was the first schocl laboratory in England. These 
ideas were not mine; they were those of the Headmaster, now the Bishop of Hereford. 
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student. One of his early lectures was about flowing water, and he told us of a lot 
of things he had observed, which I also had observed without much thought; and 
he showed how these simple observations completely destroyed the value of every- 
thing printed in every text-book on the subject of water flowing over gauge- 
notches, even in the otherwise very perfect Rankine. I felt how stupid I had been 
in not having drawn these conclusions myself, but in truth till then I had never 
ventured for a moment to criticise anything in a book. I have been a cautious 
critic of all statements in text-books ever since. If any engineer wants to 
read what is almost the most instructive paper that has ever been written for 
engineers, let him refer to the latest paper written by James Thomson on this 
subject. The reasoning there given was given to me in lectures in this very room 
in 1868, and had been given to students for many years previous. 

Again, soon afterwards, he let me see that although I had often looked at the 
whirlpool in a basin of water when the central bottom hole is open, and although 
I had read Edgar Allen Poe’s mythical description of the Maélstrom, I had been 
very much too careless in my observation. Among other things, Thomson had 
observed that particles of sand gradually passed along the bottom towards the 
hole. When he found out the cause of this, it led him at once to several dis- 
coveries of great importance. Indeed, the study of this simple observation gave 
rise to all his work on (1) What occurs at bends of pipes and channels, and why 
rivers in alluvial plains bend more and more; (2) The explanation of the curious 
phenomena that accompany great forest fires; (8) The complete theory of the 
great wind circulation of the earth, published in its final form as the Bakerian 
Lecture of the Royal Society in 1892. 

But why go on? He taught me to see that the very commonest phenomenon 
had still to reveal important secrets to the understanding eye and brain, and that 
no man is a true student unless he is a discoverer. And so it was with Kelvin 
and Andrews. Their names were great before the world, and yet they treated one 
as a fellow-student. Is any expenditure of money too large if we can obtain 
great men like these for our Engineering Colleges? Money is wanted for 
apparatus, and more particularly for men, and we spend what little we have on 
bricks and mortar ! 

The memory of a man so absolutely honest as Professor James Thomson was 
compels me to say here that I was in an exceptionally fit state to benefit by 
contact with him, for I hungered for scientific information.” Ido not think that 
there was so much benefit for the average student whose early education had 
almost unfitted him for engineering studies. To work quantitatively with 
apparatus is good for all students, but it is absolutely necessary for the average 
student, and, as I said before, there was no apparatus. Also the average student 
cannot learn from lectures merely, but needs constant tutorial teaching, and the 
Professor had no assistant. 

Anybody who wants to know what kind of engineering school there ought to be 


1 Brit. Assoc. Report, 1876, pp. 243-266. 

2 Some of our most successful graduates went direct to works from the Model 
School, Belfast, and afterwards attended this College. No school in the British 
Islands could have given better the sort of general education which I recommend 
for all boys. English subjects were especially well taught, so that boys became fond 
of reading all manner of books. There were good classes in freehand and machine 
drawing, classes in chemistry and physics (at that time I believe that there were no 
such classes in any English public school), and the teaching of mathematics was good. 
Some of the masters started classes also under the Science and Art Department. 
Some of the masters had much individuality, and there was no outside examination 
to restrain it ; there was only encouragement. Evidence has been given before a 
committee of the London School Board as to the excellence of the teaching at this 
school forty years ago. Foreign languages were not in the regular curriculum, but 
they could be studied by boys inclined that way; and in my opinion this is the 
position that all languages other than English ought to take in any British school 
With such preparation a boy was eager and able to understand what went on in 
engineering works from his first day there. 
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in such a college as this can see excellent specimens (sometimes several in one town) 
in Glasgow, Birmingham, Liverpool, London, Manchester, Leeds, Bristol, Notting- © 
ham, Edinburgh, and otber great cities. There the fortunate manufacturers have 
given many hundreds of thousands of pounds for instruction in applied science 
(engineering). In America the equipment of such schools is much more thorough, 
and there are large staffs of teachers, for fortunate Americans have contributed tens 
of millions of pounds for this kind of assistance to the rising generation. Germany 
and Switzerland compete with America in such preparation for supremacy in 
manufacture and engineering, and nearly every country in the world is more and 
more recognising its importance as they see the great inventions of Englishmen 
like Faraday and Perkin and Hughes and Swan developed almost altogether in 
those countries which believe in education. Hven one hundred thousand pounds 
would provide Queen’s College, Belfast, with the equipment of an engineering 
achool worthy of its traditions and position, and Belfast is a city in which many 
large business fortunes have been made. 

It is interesting to note that the present arrangements of the Royal University 
of Ireland, with which this College is affiliated, are such that most of the successful 
graduates in engineering of Queen's University would now be debarred from 
taking the degree. Even in London University, Latin is not a compulsory subject 
for degrees in science; Ireland has taken a step backwards towards the Middle 
Ages at the very time when other countries are stepping forward. 

Well-equipped schools of applied science are getting to be numerous, but I am 
sorry to say that only a few of the men who leave them every year are really 
likely to become good engineers. The most important reason for this is that the 
students who enter them come usually from the public schools; they cannot write 
English ; they know nothing of English subjects; they do not care to read any- 
thing except the sporting news in the daily papers; they cannot compute; they 
know nothing of natural science ; in fact, they are quite deficient in that kind of 
general education which every man ought to have. 

I am not sure that such ignorant boys would not benefit more by entering 
works at once than by entering a great engineering school. They cannot follow 
the College courses of instruction at all, in spite of having passed the entrance 
examination by cramming. Whereas after a while they do begin to understand 
what goes on in a workshop; and if they have the true engineer's spirit, their 
workshop observation will greatly correct the faults due to stupid schoolwork.’ 

Perhaps I had better state plainly my views as to what general education is 
best for the average English boy. The public schools of England teach English 
through Latin, a survival of the time when only special boys were taught at all, 
and when there was only one language in which people wrote. Now the average 
boy is also taught Latin, and when he leaves school for the army or any other 
pursuit open to average boys he cannot write a letter, he cannot construct a 
grammatical sentence, he cannot describe anything he has seen. The public- 
school curriculum is always growing, and it is never subtracted from or rearranged. 
There is one subject which ordinary schoolmasters can teach well—Latin.* 


! When I was young I remember that there were many agricultural colleges in 
Treland ; they have all but one been failures. Why? Because the entering pupils 
were not prepared by early education to understand the instruction; this had done 
as much as possible to unfit them. 

2 Only one subject—Latin—is really educational in our schools. I do not mean 
that the average boy reads any Latin author after he leaves school, or knows any 
Latin at all ten years after he leaves school. I do not mean that his Latin helps 
him even slightly in learning any modern language, for he is always found to be 
ludicrously ignorant of French or German, even after an elaborate course of instruc- 
tion in these languages. I do not mean that his Latin helps him in studying English, 
for he can hardly write a sentence without error. I do not mean that it makes him fond 
of literature, for of ancient literature or history he never has any knowledge except 
that Czesar wrote a book for the third form, and on English literature his mind is a 
blank. But I do mean that as the ordinary public-school master is really able to give 
a boy easy mental exercises through the study of Latin, this subject is in quite a 
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The other usual nine subjects have gradually been added to the curriculum 
for examination purposes; they are taught in water-tight compartments— 
or, rather, they are only crammed, and not taught at all. Our school system 
resembles the ordinary type of old-established works, where gradual accretion has 
produced a higgledy-piggledy set of shops which one looks at with stupe- 
faction, for it is impossible to get business done in them well and promptly, and 
yet it seems impossible to start a reform anywhere. What is wanted is an 
earthquake or a fire—a good fire—to destroy the whole works and enable the 
business to be reconstructed on a consistent and simple plan. And for much the 
same reason our whole public-school system ought to be ‘scrapped.’ What we 
want to see is that a boy of fifteen shall be fond of reading, shall be able to com- 
pute, and shall have some knowledge of natural science ; or, to put it in another 
way, that he shall have had mental training in the study of his own language, in 
the experimental study of mathematics, and in the methods of the student of 
natural science. Such a boy is fit to begin any ordinary profession, and whether 


different position from that of the others. If any proof of this statement is wanted, 
it will be found in the published utterances of all sorts of men—military officers, 
business men, lawyers, men of science, and others—who, confessedly ignorant of ‘the 
tongues,’ get into a state of rapture over their school experiences and the efficiency 
of Latin as a means of education. All this comes from the fact, which schoolboys 
are sharp enough to observe, that English schoolmasters can teach Latin well, and 
they do not take much interest in teaching anything else. It is a power inherited 
from the Middle Ages, when there really was a simple system of education. I ask 
for a return to simplicity of system. English (the King’s English; I exclude 
Johnsonese) is probably the richest, the most complex language, the one most worthy 
of philologic study ; English literature is certainly more valuable than any ancient 
or modern literature of any one other country, yet admiration for it among learned 
Englishmen is wonderfully mixed with patronage and even contempt. At present, 
is there one man who can teach English as Latin is taught by nearly every master of 
every school? Just imagine that English could be so taught by teachers capable of 
rising to the level of our literature ! 

I have often to give advice to parents. I find the average parent exceedingly 
ignorant of his son’s character or inclinations or ability. He pays a schoolmaster 
handsomely for taking his son off his hands except during holidays. During the 
holidays, so terrible to a parent, he sees his son as little as possible. One question 
always asked is: Do you think it better to have ‘theoretical’ instruction (they 
always call it by this absurd name) before or after an actual apprenticeship in 
works! Of course, such a question cannot be answered offhand. You tell the parent, 
to his great astonishment, that you must see the boy himself. When at length you 
see him, the chances are that you will find him to be what the schoolmasters are 
making of all our average boys. No part of his school work has been a pleasure to 
him, and, although he has had to work hard at his books, not one of the above three 
powers is his—power to use books and to write his own language; the language of 
his nurse, his mother, his mistress that is to be, his enemies and friends; the only 
language in which he thinks—power to compute and a liking for computation— 
power to understand a little of natural phenomena. Honestly I practically never 
find that sucha boy has had any education at all except what he has obtained at home 
or from his school companions or from his sports. Even his sports are to keep him 
healthy of body only and not at all to cultivate his mental powers. Those old games 
like ‘ Prisoners’ Base,’ which really developed in a wonderful way not only all the 
muscles of the body, but also the thinking power, are scorned in the public schools. 
Think now how such a boy is handicapped if we pitchfork him into works where it 
is nobody’s duty to teach him anything, or send him to college, where he cannot 
understand the lectures. Of course, if he is very eager to be an engineer he will, by 
hook or by crook, get to understand things. Ihave met some such men—clever, suc- 
cessful engineers in spite of all sorts of adverse circumstances—but the best of them 
are willing to admit that they are, and have always been, greatly hurt by the absence 
of the three powers which I have specitied. And if this has been so in the past, when 
the scientific principles underlying engineécring have been simple, how much more 
so is it now, when every new discovery in physics is producing new branches of 


engineering | 
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he is to enter the Church, or take up medicine or surgery, or become a soldier, 
every boy ought to have this kind of training. When I have advocated this kind 
of education in the past I have usually been told that I was thinking only of boys 
who intend to be engineers; that it was a specialised kind of instruction. But 
this is very untrue. Let me quote from the recommendations of the 1902 Military 
Education Committee (Report, p. 5) :— 

‘The fifth subject which may be considered as an essential part of a sound 
general education is experimental science ; that is to say, the science of physics and 
chemistry treated experimentally. As a means of mental training, and also 
viewed as useful knowledge, this may be considered a necessary part of the 
intellectual equipment of every educated man, and especially so of the officer, 
whose profession in all its branches is daily becoming more and more dependent on 
science.’ When statements of this kind have been made by some of us in the 
past, nobody has paid much attention; kut I beg you to observe that the head- 
master of Eton and the headmaster of St. Paul’s School are two of the members 
of the important Committee who signed this recommendation, and it is impossible 
to ignoreit. Last year, for the first time, the President of the Royal Society made 
a statement of much the same kind, only stronger, in his annual address. I am 
glad to see that the real value of education in physical science is now appre- 
ciated; that mere knowledge of scientific facts is known to be unimportant 
compared with the production of certain habits of thought and action which the 
methods of scientific study usually produce. 

As to English, the Committee say: ‘They have no hesitation in insisting 
that a knowledge of English,’ as tested by composition, together with an acquaint- 
ance with the main facts of the history and geography of the British Empire, 
ought in future to hold the first place in the examination and to be exacted from 
all candidates.’ The italics are mine. It will be noticed that they say nothing 
about the practical impossibility of obtaining teachers. As to mathematics, the 
Committee say: ‘It is of almost equal importance that every officer should have 
a thorough grounding in the elementary part of mathematics. But they think that 
elementary mechanics and geometrical drawing, which under the name of practical 
geometry is now often used as an introduction to theoretical instruction, should be 
added to this part of the examination, so as to ensure that at this stage of instruction 
the practical application of mathematics may not be left out of sight.’ As Sir Hugh 
Evans would have said, ‘ It is a very discretion answer—the meaning is good’; but 
I would that the Committee had condemned abstract mathematics for these army 
candidates altogether. 

This report appears in good time. It would be well if Committees would sit 
and take evidence as to the education of men in the other professions entered by 
our average boys. It is likely that when an authoritative report is prepared on 
the want of education of clergymen, for example, exactly the same statements 
will be made in regard to the general education which ought to precede the 
technical training; but perhaps a reference may be made in the report to the 
importance of a study of geology and biology as well as physical science. Think 
of the clergyman being able to meet his scientific enemies in the gate! 


1 This Committee recommends for the Woolwich and Sandhurst candidates a 
reform that has already been carried out by London University. No dead language 
is to be compulsory, but unfortunately some language other than English is still to 
be compulsory. Those boys, of whom there are so many, who dislike and cannot 
learn another language are still to be labelled ‘uneducated.’ Must there, then, be 
national defeat and captivity before our chosen race gives up its false academic 
gods? Wethink of education in the most slovenly fashion. The very men who say 
that wtility is of no importance are the men who insist on the usefulness of a 
knowledge of French or German. They say that a man is illiterateif he knows only 
English, although he may be familiar with all English literature and with other 
literatures through translations. The man who has passed certain examinations in 
his youth and never cares to read anything is said to be educated. The men of the 
city of the Violet Crown, were they not educated? And did they know any other 
than their own language? 
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Thanks mainly to the efforts of a British Association Committee, really good 
teaching of experimental science is now being introduced into all public schools, 
in spite of most persistent opposition wearing an appearance of friendliness. In 
consequence, too, of the appointment of a British Association Committee last 
year, at what might be called the psychological moment, a great reform has 
already begun in the teaching of mathematics.’ LHyen in the regulations for the 
Oxford Locals for 1903 Euclid is repudiated. It seems probable that at the end of 
another five years no average boy of fifteen years of age will have been compelled 
to attempt any abstract reasoning about things of which he knows nothing; he 
will be versed in experimental mathematics, which he may or may not call mensura- 
tion; he will use logarithms, and mere multiplication and division will be a joy 
to him; he will have a working power with algebra and sines and cosines; he 
will be able to tackle at once any curious new problem which can be solved by 
squared paper; and he will have no fear of the symbols of the infinitesimal 
calculus. When I insist that a boy ought to be able to compute, this is the sort 
of computation that I mean. Five years hence it will be called ‘ elementary mathe- 
matics.’ Four years ago it was an unorthodox subject called ‘practical mathe- 
matics, but it is establishing itself in every polytechnic and technical college 
and evening or day science school in the country. Several times I have heen 
informed that on starting an evening class, when plans have been made for a 
possible attendance of ten or twenty students, the actual attendance has been 200 
to 300. Pupils may come for one or two nights to a class on academic mathe- 
matics, but then stay away for ever; a class in practical mathematics maintains 
its large numbers to the end of the winter.” 

Hitherto the average boy has been taught mathematics and mechanics as if he 
were going to be a Newton or a Laplace; he learnt nothing and became stupid. I 
am sorry to say that the teaching of mechanics and mechanical engineering through 
experiment is comparatively unknown. Cambridge writers and other writers of 
books on experimental mechanics are unfortunately ignorant of engineering. Univer- 
sity courses on engineering—with one splendid exception, under Professor Ewing 
at Cambridge—assume that undergraduates are taught their mechanics as a logical 
development of one or two axioms ; whereas in many technical schools under the 
Science and Art Department apprentices go through a wonderfully good laboratory 
course in mechanical engineering. We really want to give only a few fundamental 
ideas about momentum and the transformations of energy and the properties of 
materials, and to give them from so many points of view that they become part of 
a student’s mental machinery, so that he uses them continually. Instead of giving 
a hundred labour-saving rules which must be forgotten, we ought to give the one 
or two ideas which a man’s common-sense will enable him to apply to any problem 
whatsoever and which cannot be forgotten. A boy of good mathematical attain- 
ments may build on this experimental knowledge afterwards a superstructure 
more elaborate than Rankine or Kelvin or Maxwell ever dreamt of as being 
possible. Every boy will build some superstructure of his own. 

I must not dwell any longer on the three essential parts of a good general 
education which lead to the three powers which all boys of fifteen ought to 
possess ; power to use books and to enjoy reading; power to use mathematics and 
to enjoy its use; power to study Nature sympathetically. English Board School 
boys who go to evening classes in many technical schools after they become 
apprentices are really obtaining this kind of education. The Scotch Education 
Board is trying to give it to all boys in primary and secondary schools. It will, 
I fear, be some time before the sons of well-to-do parents in England have a 
chance of obtaining it. 

When a boy or man of any age or any kind of experience enters an engineering 


1 Discussion last year and report of Committee, published by Macmillan. 
* To many men it will seem absurd that a real working knowledge of what is 
usually called higher mathematics, accompanied by mental training, can be given to 
the average boy. In the same way it seemed absurd 500 years ago that power to 
read and write and cipher could be given to everybody. These general beliefs of 
ours are very wonderful. 
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college and wishes to learn the scientific principles underlying a trade or profession, 
how ought we to teach him? Here is the reasonable general principle which 
Professors Ayrton and Armstrong and I have acted upon, and which has so far led 
us to much success. Whether he comes from a bad or a good school, whether he 
is an old or young boy or man, approach his intelligence through the knowledge 
and experience he already possesses. ‘his principle involves that we shall compel 
the teacher to take the pupil’s point of view! rather than the pupil the teacher's ; 
give the student a choice of many directions in which he may study ; let lectures 
be rather to instruct the student how to teach himself than to teach him; show 
the student how to learn through experiment, and how to use books, and, except 
for suggestion and help when asked for, leave him greatly to himself. If a 
teacher understands the principle he will have no difficulty in carrying it out with 
any class of students. 1 myself prefer to have students of very different qualifica- 
tions and experience in one class because of the education that each gives to the 
others. Usually, however, except in evening classes, one has a set of boys coming 
from much the same kind of school, and, although perhaps differing considerably 
as to the places they might take in an ordinary examination, really all of much 
the same average intelligence. Perhaps I had better describe how the principle is 
carried out in one case—the sons of well-to-do parents such as now leave English 
schools at about fifteen years of age. 

It was for such boys that the courses of instruction at the Finsbury Technical 
College (the City and Guilds of London Institute) were arranged twenty-two 
years ago. It was attempted to supply that kind of training which ought already 
to have been given at school, together with so much technical training as might 
enable a boy at the end of a two years’ course to enter any kind of factory where 
applied science was important, with an observing eye, an understanding brain, and 
a fairly skilful hand. The system, in so far as it applies to various kinds of 
mechanical engineering, will be found described in one of a small collection of 
essays called ‘England’s Neglect of Science,’ pp. 57-67.7, I am sure that any 
engineer who reads that description will feel satisfied that it was the very best 
course imaginable for the average boy of the present time. A boy was taught how 
he must teach himself after he entered works. If after two or three years in the 
works he cared to go for a year or so to one of the greater colleges, or did not 
so care, it was assumed that he had had such a training as would enable him to 
choose the course which was really the best for him, 

Old Finsbury students are to be found everywhere in important posts. The 
experiment has proved so successful that every London Polytechnic, every Muni- 
cipal Technical School in the country, has adopted the system, and in the present 
state of our schools I feel sure that all important colleges ought to adopt the 
Finsbury system. It hardly seems appropriate to apply the word ‘ system’ to what 
was so plastic and uncrystallised and had nothing to do with any kind of ritual. 


1 Usually it is assumed that there is only one line of study. In mathematics it is 
assumed that a boy has the knowledge and power and past experience and leisure of 
an Alexandrian philosopher. In mechanics we assume the boy to be fond of abstract 
reasoning, that he is a good geometrician who can do the most complex things in 
geometrical conics, but cannot possibly take in the simplest idea of the calculus. 

2 The ideas in this Address have been put forward many times by Professor 
Ayrton and myself. See the following, among other publications :—Hngland’s 
Neglect of Science (Fisher Unwin) ; Practical Mechanics, 1881 (Cassell); Applied 
Mechanics, 1897 (Cassell) ; The Steam Engine, §c., 1898 (Macmillan) ; The Calculus 
for Engineers, 1897 (Arnold); Recent Syllabuses and Examination Papers of the 
Science and Art Department in Subjects I., VII., Vy, and XXII.; Summary of 
Lectures on Practical Mathematics (Board of Education); The Work of the City 
and Guilds Central Technical College (Journal of the Society of Arts, July 9, 1897) ; 
Inaugural Lecture at Finsbury, 1879; Address at the Coventry Technical Institute, 
February 1898; ‘Education of an Electrical Engineer’ (Journal of the Society of 
Telegraph Engineers and of Electricians, September 1882); Presidential Address, 
Institution of Electrical Engineers, January 1892; ‘The Best Education for an 
Engineer (Nature), October 12, 1899; Address at a Drawing-room Meeting, March 


1837. 
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The Professors were given a free hand at Finsbury, and there were no outside 
examiners. I need not dwell upon the courses in Chemistry and Physics; some 
critics might call the subjects Rational Chemistry and Applied Physics ; they were 
as different from all other courses of study in these subjects as the courses on 
Rational Mathematics and Mechanics differed from all courses elsewhere. The course 
on Mechanics was really one on Mechanical Engineering. There were workshops in 
wood and iron, not to teach trades, but rather to teach boys the properties of 
materials. There were a steam-engine and a gas-engine, and shafting and gearing 
of many kinds, and dynamos which advanced students in turn were allowed to 
look after under competent men. There was no machine which might not be 
experimented with occasionally. Elementary and advanced courses of lectures 
were given; there was an elaborate system of tutorial classes, where numerical 
and squared paper exercise work was done; there were classes in experimental 
plane and solid geometry, including much graphical calculation ; boys were taught 
to make drawing-office drawings in pencil only, and tracings and blue prints, such 
as would be respected in the workshop, and not the ordinary drawing-class 
drawings, which cannot be respected anywhere; but the most important part of 
the training was in the Laboratory, in which every student worked, making 
quantitative experiments. An offer of a 100-ton testing-machine for that laboratory 
was made but refused; the advanced students usually had one opportunity 
given them of testing with a large machine, but not in their own laboratory. I 
consider that there is very little educational value in such a machine; the student 
thinks of the great machine,’ and not of the tiny specimen. Junior students 
loaded wires and beams, or twisted things with very visible weights, and saw 
exactly what was happening, or they studied vibrating bodies. Many hours were 
devoted to experiments on a battered, rusty old screw-jack, or some other lifting- 
machine, its efficiency under many kinds of load being determined, and students 
studied their observations using squared paper, as intently as if nobody had ever 
made such experiments before. There was one piece of apparatus, an old fly-wheel 
bought at a rag-and-bone shop, to which kinetic energy was given by a falling 
weight, which, [ remember, occupied the attention of four white-headed directors 
of Electric Companies in 1882 (evening students) for many weeks. A casual first 
measurement led on to corrections for friction and stiffness of a cord, and much else 
of a most interesting kind. At the end of six weeks these gentlemen had gained 
a most thorough computational acquaintance with every important principle of 
mechanics, a knowledge never to be forgotten. They had also had a revelation 
such as comes to the true experimenter—but that is too deep a subject. 

Perhaps teachers in the greater colleges will smile in a superior way when 
they hear of this kind of experimental mechanics being called engineering labora- 
tory work. True, it was elementary mechanics; but is not every principle which 
every engineer constantly needs called a mere elementary principle of mechanics 
by superior persons? I find that these elementary principles are very much 


1 These great testing-machines, so common in the larger colleges, seem to have 
destroyed all idea of scientific experiment. There is so much that the engineer 
wants to know, and yet laboratory people are persistently and lazily repeating old 
work suggested and begun by engineers of sixty years ago. For example, men like 
Fairbairn and Robert Napier would long ago have found out the behaviour of 
materials under combined stresses. We do not even know the condition of strength 
of iron or steel in a twisted shaft which is alsoa beam. The theory of strength of 
a gun or thick tube under hydraulic pressure is no clearer now than it was fifty years 
ago. The engineer asks for actual information derived from actual trial, and we offer 
him the ‘cauld kail het again’ stuff falsely called ‘theoretical,’ which is found in 
all the text-books (my own among others). These great colleges of university rank 
ought to recognise that it is their duty to increase knowledge through the work of 
their advanced students. The duty is not neglected in the electrical departments 
of some of the colleges. Perhaps the most instructive reference is to the work done 
at the Central Technical College of the City and Guilds Institute at South Kensington, 
as described by Professor Ayrton in some of the papers already referred to. I cannot 
imagine a better development of the Finsbury idea in the work of the highest kind 
of Engineering College. 
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unknown to men who have passed through elaborate mathematical studies of 
mechanics. Students found out in that laboratory the worth of formule; they 
gained courage in making calculations from formule, for they had found out the 
extent of their own ignorance and knowledge. 

I have never approved of elaborate steam-engines got up for students’ labora- 
tory exercise-work. A professor who had devoted much thought for a year to the 
construction of such a four-cylinder engine showed a friend how any one or any 
two or any three or all four cylinders, with or without jacketing, could be used in 
all sorts of ways. The friend ventured to say: ‘ This engine will be used just once 
and never after.’ The professor was angry, but his friend proved to be right. The 
professor made experiments with it once himself with a few good students. Un- 
fortunately it was not a sufficiently elaborate investigation for publication After- 
wards he never had time personally to superintend such work ; his assistants were 
busy at other things; his students could not be trusted with the engine by them- 
selves, and to this day it stands in the laboratory a beautiful but useless piece of 
apparatus, At Finsbury there was an excellent one-cylinder engine with vaporising 
condenser. It drove the workshops and electric generators. On a field-day it 
drove an electric generator only, and perhaps thirty students made measurements. 
Each of them had already acted as stoker and engine-driver, as oiler and tester of 
the machinery, lighting fires, taking indicator diagrams, weighing coals, opening and 
closing cocks from seven in the morning to ten at night, so that everything was 
well known to him. They maintained three different steady loads for trials of three 
hours each. They divided into groups, one from each group ceasing to take a 
particular kind of observation every ten minutes and removing to another job. All 
watches were made to agree, and each student noted the time of each observation. 
These observations were:—Taking indicator diagrams, checking the speed indicator, 
taking temperature of feed-water, quantity of feed by meter (the meter had been 
carefully checked by gauge-notch, and every other instrument used by us had 
been tested weeks before), taking the actual horse-power passing through a 
dynamometer coupling on the shaft, taking boiler and valve-chest pressures and 
vacuum pressures on the roof and in the engine-room, weighing coals (the calorific 
value had already been tested), taking the horse-power given out by the dynamo, 
counting the electric lamps in use,and soon. Each student was well prepared 
beforehand. During the next week he reduced his own observations, and some of 
the results were gathered on one great table. One lesson that this taught could 
never be forgotten—how the energy of one pound of coal was disposed of. So 
much up the chimney or by radiation from boiler or steam-jacket and pipes; in 
condensation in the cylinder ; to the condenser; in engine friction; in shaft 
friction, &c. I cannot imagine a more important lesson to a young engineer than 
this one taught through a common working engine. The students had the same 
sort of experience with a gas-engine. I need hardly say how important it was that 
the Professor himself should take tharge of the whole work leading up to, during, 
and after such a field-day. 

The difficulty about all laboratory exercise work worth the name is that of 
finding demonstrators and assistants who are wise and energetic. Through 
foolishness and laziness the most beautiful system becomes an unmeaning routine, 
and the more smoothly it works the less educational it is. In England just now 
the curse of all education is the small amount of money available for the wages 
of teachers—just enough to attract mediocre men. I have been told, and I can 
easily imagine, that such men have one talent over-developed, the talent for 
making their job softer and softer, until at length they just sit at a table, main- 
taining discipline merely by their presence, answering the questions of such 
students as are earnest enough to come and worry them. In such cases it is 
absolutely necessary to periodically upset their clockwork arrangements. After 
such an artificial earthquake one might be reminded of what occurred at the pool 
of Bethesda, whose waters had their healing property restored when the angel 
came down and troubled them. But for a permanently good arrangement there 
ought to be very much higher wages all round in the teaching profession. 

No kind of engineering has developed so rapidly as the electrical. Why, 
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it was at the meeting here in Belfast twenty-eight years ago (I remember, 
for I was a Secretary of Section A that year, and took the machine to pieces 
afterwards in Lord Kelvin’s laboratory) that there was exhibited for the first 
time in these islands a small Gramme machine. This handmaid of all kinds of 
engineering is now so important that every young engineer may be called un- 
educated who has not had a training in that kind of mechanical engineering 
which is called electrical engineering. Professor Ayrton’s laboratory at Finsbury 
is the model copied by every other electrical engineering laboratory in the world. 
He and I had the same notions; we had both been students of Lord Kelvin; we 
had worked together in Japan since 1875; but whereas I was trying to make 
my system of teaching mechanical engineering replace an existing system, or want 
of system, there was no existing system for his to replace. Thus it will be found 
that in every electrical engineering laboratory the elementary principles are made 
part of a pupil’s mental machinery by many quantitative experiments, and nobody 
suggests that it is mere elementary physics which is being taught—a suggestion 
often enough made about the work in my mechanical laboratory. When students 
lmow these elementary principles well, they can apply their mathematics to the 
subject. As they advance in knowledge they are allowed to find out by their 
own experiments how their simple theories must be made more complex in real 
machines. Their study may be very complete, but, however much mathematics 
and graphical calculation may come in, their designs of electrical machinery are 
really based upon the knowledge acquired by them in the electrical and mechanical 
laboratories. 

The electrical engineer has an enormous advantage over other engineers; 
everything lends itself to exact calculation, and a completed machine or any of 
its parts may be submitted to the most searching electrical and magnetic tests, 
since these tests, unlike those applied by other engineers, do not destroy the 
body tested. But for this very reason, as a finished product, the electrical 
engineer cannot have that training in the exercise of his judgment in actual 
practical work after he leaves a college that some other engineers must have. 
In tunnelling, earthwork, and building, in making railways and canals, the 
engineer is supremely dependent on the natural conditions provided for him, and 
these conditions are never twice the same, There are no simple laws known to 
us about the way in which sea and river currents will act upon sand and gravel, 
and engineers who have had to do with such problems are continually appealing to 
Nature, continually making observations and bringing to bear upon their work 
all the knowledge and habits of thought that all their past experience has given 
them. I do not know that there is any job which a good teacher would have 
greater pleasure in undertaking than the arrangement of a laboratory in which 
students might study for themselves such problems as come before railway, canal, 
river, harbour and coast-protection engineers; there is no such laboratory in 
existence at the present time, and in any case it could only be of use in the 
way of mere suggestion to an engineer who had already a good knowledge of his 
profession. 

It was a curious illustration of mental inertia that the usual engineering 
visitor, even if he was a professor of engineering, always seemed to suppose 
that the work done at Finsbury was the same as that done in all the great 
engineering colleges. Asa matter of fact no subject was taught there in the same 
manner as it was taught elsewhere.! 

Most of the students were preparing for electrical or mechanical engineering, 
and therefore we thought it important that nearly every professor or demonstrator 
or teacher should be an engineer. I know of nothing worse than that an engineer- 
ing student should be taught mathematics or physics or chemistry by men who 
are ignorant of engineering, and yet nothing is more common in colleges of 


1 It is really ludicrous to see how all preachers on technical education are 
supposed by non-thinking people to hold the same doctrine. The people asking for 
reform in education differ from one another more than Erasmus and Luther, and 
Jobn of Leyden and Knipperdoling. 
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applied science.!' The usual courses are only suitable for men who are preparing 
to be mere mathematicians, or mere physicists, or mere chemists. Hach subject 
is taken up in a stereotyped way, and it is thought quite natural that in one year 
a student shall have only a most elementary knowledge of what is to the teacher 
such a great subject. The young engineer never reaches the advanced parts 
which might be of use to him; he is not sufficiently grounded in general 
principles ; his whole course is only a preliminary course to a more advanced 
one which there is no intention of allowing him to pursue, and, not being quite 
a fool, he soon sees how useless the thing is to him. The Professor of 
Chemistry ought to know that until a young engineer can calculate exactly by 
means of a principle, that principle is really unknown to him. For example, 
take the equation supposed to be known so well, 


2H, +0, =2H,0. 


It is never understood by the ordinary elementary chemical student who writes 
it down so readily. Every one of the six cunning ways in which that equation 
conveys information ought to be as familiar to the young engineer as they are, or 
ought to be, to the most specialised chemist. Without this he cannot compute in 
connection with combustion in gas and oil engines and in furnaces. But I have 
no time to dwell on the importance of this kind of exact knowledge in the educa- 
tion of an engineer. 

Mathematics and physics and chemistry are usnally taugh in watertight com- 
partments, as if they had no connection with one another. In an engineering 
college this is particularly bad. Every subject ought to be taught through illus- 
trations from the professional work in which a student is to be engaged. An 
engineer has been wasting his time if he is able to answer the questions of an 
ordinary examination paper in chemistry or pure mathematics, The usual mathe- 
matical teacher thinks most of those very parts of mathematics which to an ordinary 
man who wants to use mathematics are quite valueless, and those parts which 
would be altogether useful and easy enough to understand he never reaches; and 
as I have said, so it is also in chemistry. Luckily, the physics professor has 
usually some small knowledge of engineering ; at all events he respects it. When 
the pure mathematician is compelled to leave the logical sequence which he loves 
to teach mechanics, he is apt scornfully todo what gives him least trouble ; namely, 
to give as ‘mechanics’ that disguised pure mathematics which forms ninety per 
cent. of the pretence of theory to be found in so many French and German books 
on machinery. As pure mathematical exercise work it is even meaner than the 
stupid exercises in school algebras ; as pretended engineering it does much harm 
because a student does not find out its futility until after he has gone through it, 
and his enthusiasm for mathematics applied to engineering problems is permanently 
hurt. But how is a poor mathematical professor who dislikes engineering, feeling 
like Pegasus harnessed to a common waggon—how is he to distinguish good from 
evil? He fails to see how worthless are some of the books on ‘Theoretical 
Mechanics’ written by mathematical coaches to enable students to pass examina- 
tions. An engineer teaching mathematics would avoid all futilities; he would 
base his reasoning on that experimental knowledge already possessed by a student ; 
he would know that the finished engineer cannot hope to remember anything 
except a few general principles, but that he ought to be able to apply these, 
clumsily or not, to the solution of any problem whatsoever. Of course he would 
encourage some of his pupils to take up Thomson and Tait, or Rayleigh’s ‘ Sound,’ 
or some other classical treatise as an advanced study.” 


1 At the most important colleges the usual professor or tutor is often ignorant of all 
subjects except his own, and he generally seems rather proud of this; but surely in 
such a case a man cannot be said to know even his own subject. 

2 One sometimes finds a good mathematician brought up on academic lines 
taking to engineering problems. But he is usually sta/e and unwilling to go 
thoroughly into these practical matters, and what he publishes is particularly harm- 
ful, because it has such an honest appearance. When we do get, once in forty 
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Not only do I think that every teacher in an engineering college ought to have 
some acquaintance with engineering, but it seems to me equally important to 
allow a professor of engineering, who ought, aboye all things, to be a practical 
engineer, to keep in touch with his profession. A man who is not competing with 
other engineers in practical work very quickly becomes antiquated in his know- 
ledge: the designing work in his drawing-office is altogether out of date; he 
lectures about old difficulties which are troubles no longer; his pupils have no 
enthusiasm in their work because it is merely academic and lifeless ; even when 
he is a man distinguished for important work in the past his students have that 
kind of disrespect for his teaching which makes it useless to them. If there is 
fear that too much well-paid professional work will prevent efficiency in teaching, 
there is no great difficulty in applying a remedy. 

One most important fact to be borne in mind is that efficient teachers cannot 
be obtained at such poor salaries as are now given. An efficient labourer is worthy 
of his hire; an inefficient labourer is not worthy of any hire, however small. 
Again, there is a necessity for three times as many teachers as are usually pro- 
vided in England. The average man is in future to be really educated. ‘his 
means very much more personal attention, and from thoughtful teachers. Is 
England prepared to face the problem of technical education in the only way which 
can lead to success, prepared to pay a proper price for the real article? If not, 
she must be prepared to see the average man remaining uneducated. 

Advocacy of teaching of the kind that was given at Finsbury is often met by 
the opposition not only of pure mathematicians and academic teachers, but I am 
sorry to say also ofengineers. The average engineer not merely looks askance at, 
he is really opposed to the college training of engineers, and I think, on the 
whole, that he has much justification for bis views. University degrees in 
engineering science are often conferred upon students who follow an academic 
course, in which they learn little except how to pass examinations. The graduate 
of to-day, even, does not often possess the three powers to which I have referred, 
He is not fond of reading, and therefore he has no imagination, and the idea of an 
engineer without imagination is as absurd as Teufelsdréch’s notion of a cast-iron 
king. He cannot really compute, in spite of all his mathematics, and he is absurdly 
innocent of the methods of the true student of Nature. This kind of labelled 
scientific engineer is being manufactured now in bulk because there is a money 
value attached to a degree. He is not an engineer in any sense of the word, and 
does not care for engineering, but he sometimes gets employment in technical 
colleges. He is said to teach when he is really only impressing upon deluded 
pupils the importance of formule, and that whatever is printed in books must be 
true. ‘The real young engineer, caught in this eddy, will no doubt find his way 
out of it, for the healthy experience of the workshop will bring back his common- 
sense, For the average pupil of such graduates there is no help. If he enters 
works, he knows but little more than if he had gone direct from school. He is 
still without the three qualifications which are absolutely necessary for a young 
engineer. He is fairly certain to be a nuisance in the works and to try another 
profession at the end of his pupilage. But if it is his father’s business he can 
make a show of knowing something about it, and he is usually called an engineer. 

Standardisation in an industry usually means easier and cheaper and better 
manufacture, and a certain amount of it must be good even in engineering, but 
when we see a great deal of it we know that in that industry the true engineer 
is disliked, I consider that in the scholastic industry there has been far too much 


years, a mathematician (Osborne Reynolds or Dr. Hopkinson) who has common- 
sense notions about engineering things, or a fairly good engineer (Rankine or James 
Thomson) who has a common-sense command of mathematics, we have men who 
receive the greatest admiration from the engineering profession, and yet it seems 
to me that quite half of all the students leaving our technical colleges ought to be 
able to exercise these combined powers if mathematics were sensibly taught 
in school and college. We certainly have had enough of good mathematicians 
meddling with engineering theory and of engineers with no mathematics wasting 
their time in trying to add to our knowledge. 
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standardisation. Gymnasien and polytechnic systems are standardised in Ger- 
many, and there is a tendency to import them into England; but in my opinion 
we are very far indeed from knowing any system which deserves to be standard- 
ised, and the worst we can copy is what we find now in Germany and Switzer- 
land. What we must strive for is the discovery of a British system suiting the 
British boy and man. The English boy may be called stupid so often that he 
actually believes himself to be stupid; but of one thing we may be sure, he will 
find in some way or other an escape from the stupefying kind of school work to 
which the German boy submits. And if it were possible to make the average 
English boy of nineteen pass such a silly school-leaving examination as the German 
boy,’ and to pass through a polytechnic, I am quite sure that there would be little 
employment among common-sense English engineers for such a manufactured 
article. But is it possible that British boys could be manufactured into such 
obedient academic machines, without initiative or invention or individuality, by 
teachers who are none of them engineers? No, we must have a British system 
of education. We cannot go on much longer as we have done in the past without 
engineering education, and, furthermore, it must be such as to commend itself to 
employers. Of my Finsbury students I think I may say that not one failed to 
get into works on a two or three years’ engagement, receiving some very small 
wage from the beginning, and without paying a premium. To obtain such em- 
ployment was obviously one test of fitness to be an engineer, because experienced 
men thought it impossible. One test of the system was the greater ease with 
which new men obtained employment in shops which had already taken some of 
our students. It is certainly very difficult to convince an employer that a college 
man will not be a nuisance in the shops. In Germany and France, and to a less 
extent in America, there is among employers a belief in the value of technical 
education. In England there is still complete unbelief. I have known the sub- 
scribers of money to a large technical college in England (the members of its 
governing board) to laugh, all of them, at the idea that the college could be of any 
possible benefit to the industries of the town. They subscribed because just then 
there was a craze for technical education due to a recent panic. They were 
ignorant masters of works (sons of the men who had created the works), ignorant 
administrators of the college affairs, and ignorant critics of their mismanaged 
college. I feel sure that if the true meaning of technical education were under- 
stood, it would commend itself to Englishmen. Technical education is an educa- 
tion in the scientific and artistic principles which govern the ordinary operations 
in any industry. It is neither a science, nor an art, nor the teaching of a handi- 
craft. It is that without which a master is an unskilled master; a foreman an 
unskilled foreman; a workman an unskilled workman; and a clerk or farmer an 
unskilled clerk or farmer. ‘The cry for technical education is simply a protest 
against the existence of unskilled labour of all kinds.” 


1 The following is, I understand, a stock question at certain gymnasien: ‘ Write 
out all the trigonometrical formule you know.’ I asked my young informant, ‘ Well, 
how many did you write?’ ‘Sixty-two’ was the answer. This young man informed 
me that a boy could not pass this examination unless he knew ‘all algebra and ail 
trigonometry and aii science.’ Strassburg geese used to be fed in France ; now they 
are fed in Germany. German education seems to be like smothering a fire with too 
much fuel or wet slack which has the appearance of fuel. 

2 T have pointed out how natural it is that business men should feel somewhat 
antagonistic to college training. Poorly paid unpractical teachers, with no ideas of 
their own, have in the past taught in the very stupidest way. They have called 
themselves ‘ scientific’ and ‘theoretical’ till these words stink in the nostrils of an 
engineer. When I was an apprentice, and no doubt it is much the same now, if an 
apprentice was a poor workman with his hands he often took to some kind of study 
which he called the science of his trade. And in this way a pawkiness for science 
got to be the sign of a bad workman. But if workmen were so taught at school that 
they all really knew a little physical science, it would no longer be laughed at. 
When a civil or electrical engineer is unsuccessful because he has no business habits, 
he takes to calculation and the reading of so-called scientific books, because it is 
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To have any good general system the employers must co-operate. Much of the 
training is workshop practice, and it cannot be too often said that this is not to be 
given in any college. The workshop in a college serves a quite different purpose. 
Now how may the practice best be given? I must say that I like the Finsbury 
plan very much indeed, but there are others. When I attended this college in 
winter I was allowed to work in the Lagan Foundry in summer. In Japan the 
advanced students did the same thing; they had their winter courses at the college, 
and the summer was spent in the large Government workshops; the system 
worked very well indeed. In Germany recently the great unions of manufacturers 
made facilities for giving a year of real factory work to the polytechnic students, 
but it seems to me that these men are much too old for entrance to works, and, 
besides, a year is too short a time if the finished product is to call itself a real 
engineer. Possibly the British solution may be quite different from any of these. 
A boy may enter works at fourteen on leaving a primary school or not later than 
sixteen on leaving a secondary school. In either case he must have the three 
powers to which I have already referred so often. It will be recognised as the 
duty of the owners of works to provide, either in one large works or near several 
works, in a well-equipped school following the Finsbury principle, all that training 
in the principles underlying the trade or profession which is necessary for the 
engineer. 

No right-thinking engineer has been scared by the newspaper writers who tell 
us of our loss of supremacy in manufacture, but I think that every engineer sees 
the necessity for reform in many of our ways, and especially in this of education. 
People talk of the good done tu our workmen’s ideas by the strike of two years 
ago; it is to be hoped that the employers’ ideas were also expanded by their 
having been forced to travel and to see that their shops were quite out of date.” 
In fact, we have all got to see that there is far too much unskilled labour among 
workmen and foremen and managers, and especially in owners. There may be 
some kinds of manufacture so standardised that everything goes like a wound-up 
clock, and no thought is needed anywhere; but certainly it is not in any branch 
of engineering. Many engineering things may be standardised, but not the 
engineer himself. Millions of money may build up trusts, but they will be wasted 
if the unskilled labour of mere clerks is expected to take the place of the 
thoughtful skilled labour of owners and managers. I go further, and say that 
no perfection in labour-saving tools will enable you to do without the skilled, 
educated, thoughtful, honest, faithful workman with brains. I laugh at the idea 
that any country has better workmen than ours, and I consider education of 


very easy to get up a reputation for science. The man is a bad engineer in spite of 
his science, but people get to think that he is an unpractical man because of his 
scientific knowledge. I do believe that the unbelief in technical education so very 
general has this kind of illogical foundation. Four hundred years ago if a layman 
could read or write he was probably a useless person who, because he could not do 
well otherwise, took to learning. What a man learnt was clumsily learnt; usually 
he learnt little with great labour and made no use of it; therefore reading and 
writing seemed useless. Now that everybody is compelled to read and write, it is 
not a usual thing to say that it hurts a man to have these powers. 
1 It was the idea of Principal Henry Dyer. 

* 2 Not only is there an enormous improvement in the use of limit-gauges and 
checking and tools, and the careful calculation of rates of doing work by various 
tools and general shop arrangement, but attention is being paid to the comfort of 
workmen. There are basins and towels, and hot and cold water for them to wash 
in. In the old days it wouid have been called faddy philanthropy. Now, owners of 
works who scorn all softness of heart provide perfect water-closets for their men ; their 
workshops are kept at a uniform temperature ; the evil effect of a bad draught in 
producing colds, or a bad light in hurting the eyes, is carefully considered. In some 
of these works it is actually possible for a workman or a member of his family to 
get a luxurious hot bath for a penny. Will this really pay? Some clever hard- 
ee men of my acquaintance say they already see that it does pay very well 
indeed. 
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our workmen! to be the corner-stone of prosperity in all engineering manu- 
facture. It is from him in countless ways that all ints leading to great inven- 
tions come. New countries like America and Germany have their chance just 
now; they are starting, without having to ‘scrap’ any old machinery or old 
ideas, with the latest machinery and the latest ideas. For them also the time 
will come when their machines will be getting out-of-date and the cost of 
‘scrapping’ will loom large in theireyes. In the meantime they have taught us 
lessons, and this greatest of all lessons—that unless we look ahead with much 
judgment, unless we take reasonable precautions, unless we pay some regard to 
the fact that the cleverest people in several nations are hungry for our trade and 
jealous of our supremacy, we may for a time lose a little of that supremacy. 
In the last twenty-three years I have written a good deal about the harm 
done to England by the general dislike that there is among all classes for 
any kind of education. I do not say that this dislike is greater than it used 
to be in England; I complain that it is about as great.? But I have never 
spoken of the decadence of England. It is only that we have been too confident 
that those manufactures and that commerce and that skill in engineering, for 
which Napoleon sneered at us, would remain with us for ever. Many writers 
have long been pointing out the consequences of neglecting education ; prophesying 
those very losses of trade, that very failure of engineers to keep their houses in 
order, which now alarms all newspaper writers. Panics are ridiculous, but there 
is nothing ridiculous in showing that we can take a hint. We have had a very 
strong hint given us that we cannot for ever go on with absolutely no educatiou 
in the scientific principles which underlie all engineering. There is another 
important thing to remember. Should foreigners get the notion that we are 
decaying, we shall no longer have our industries kept up by an influx of clever 
Uitlanders, and we are much too much in the habit of forgetting what we owe 
to foreigners, Fleming and German, Hollander, Huguenot, and Hebrew, for the 
development of our natural resources. Think of how much we sometimes owe 
to one foreigner like the late Sir William Siemens. 

But I am going too far; there is after all not so very much of the foolishness of 
Ishbosheth among us, and I cannot help but feel hopeful as I think lovingly of what 
British engineers have done in the past. We who meet here have lived through 
the pioneering time of mechanical and electrical and various other kinds of 
engineering. Our days and nights have been delightful because we have had the 
feeling that we also were helping in the creation of a quite new thing never before 
known. It may be that our successors will have a better time, will see a more 
rapid development of some other applications of science. Who knows? In every 
laboratory of the world men are discovering more and more of Nature’s secrets. 
The laboratory experiment of to-day gives rise to the engineering achievement of 
to-morrow. Sut I do say that, however great may be the growth of engineering, 
there can never be a time in the future history of the world, as there has never 
before been a time, when men will have more satisfaction in the growth of their 
profession than ergineers have had during the reign of Queen Victoria. 

And now I want to call your attention to a new phenomenon. Over and over 
again has atten'ion been called to the fact that the. engineer has created what is 
called ‘modern civilisation,’ has given luxuries of all kinds to the poorest people, 
has provided engines to do all the slave labour of the world, has given leisure and 
freedom from drudgery, and chances of refinement and high thought and high 
emotion to thousands instead of units. But it is doing things more striking still. 
Probably the most important of all things is that the yoke of superstitions of all 
kinds on the souls of men should be lifted. The study of natural science is alone 
able to do this, but education through natural science for the great mass of the 
people, even for the select few called the distinguished men of the country, has 
been quite impossible till recently. I say that it is to engineers that the world 


The old appenticeship system of training men has broken down, and this is the 
caase of most of our industrial troubles. An apprenticeship system suited to modern 
conditions is described fully on pages 68-88 of Lngland's Neglect of Science. 

2 Loe. cit. 
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owes the possibility of this new study becoming general. In our country nearly 
all discoveries come from below. The leaders of science, the inventors, receive from 
a thousand obscure sources the germs of their great discoveries and inventions. 
When every unit of the population is familiar with scientific ideas our leaders will 
not only be more numerous, but they will be individually greater. And it is we, 
and not the schoolmasters, who are familiarising the people with a better knowledge 
of Nature. When men can hardly take a step without seeing steam engines and 
electro-motors and telegraphs and telephones and steamships, with drainage and 
water works, with railways and electric tramways and motor-cars; when every 
shop-window is filled with the products of engineering enterprise, it is getting 
rather difficult for people to have any belief in evil spirits and witchcraft. 

All the heart-breaking preaching of enthusiasts in education would produce 
very little effect upon an old society like that of England if it were not for the 
engineer. He has produced peace. He is turning the brown desert lands of the 
earth into green pastures. He is producing that intense competition among 
nations which compels education. If England has always been the last to begin 
reform, she has always been the most thorough and steadfast of the nations on any 
reform when once she has started on it. Education, pedagogy, is a progressive 
science ; and who am I that I should say that the system of education advocated by 
me is that which will be found best for England? In school education of the 
average boy or man England has as yet had practically no experience, for she has 
given no real thought to it. Yet when she does, I feel that although the Finsbury 
echeme for engineers may need great improvement, it contains the germ of that 
system which must be adopted by a race which has always learnt through trial 
and error, which has been led less by abstract principles or abstract methods of 
reasoning than any race known in history. 


The following Paper was read :— 


1, Recent Progress in Large Gas Engines. By Hersert A. Humpurey, 
A.M Inst.C.E. 


The author said that the last few years had seen a development in large gas 
engines which has but few parallels in the history of engineering enterprise. Gas 
engines of 1,200 and 1,500 h.p. are already working, and others of 2,000 to 
4,000 h.p. are being constructed. In the Paris Exhibition of 1900 the 600 h.p. 
Cockerill gas engine created much surprise, but now the makers have in hand an 
engine of 2,500 h p., and are quite prepared to build a 5,000 h.p. gas engine. 

In this country the first gas engines above 400 h.p. were started in 1900 and 
ran with Mond gas, but at the present time the two leading English manufacturers 
have delivered or have under construction fifty-one gas engines of between 200 
and 1,000 h.p. Of these Messrs. Crossley Brothers, of Manchester, supply twenty- 
eight engines, having an aggregate of 8,300 h.p., or an average of 296 h.p. per engine, 
and the Premier Gas Engine Company, of Nottingham, supply twenty-three engines 
with a total of 9,300 h.p., giving an average of 4C4 h.p. per engine. These two 
makers collectively supply 17,600 h.p., and of this power 12,500 h.p, is for driving 
dynamos. 

This is a striking proof of rapid progress, but we have to look abroad for the 
great achievements in this direction. Neglecting, throughout this paper, all engines 
below 200 h.p., we find that Messrs. Kérting Bros. and their licensees have made 
or have under construction thirty-two gas engines with a total of 44,500 h.p., 
averaging 1,390 h.p. per engine. The Société Anonyme John Cockerill of Seraing 
and their licensees come next with fifty-nine engines, having an aggregate cf 
32,950 h.p.; so that the average size of the engines built by this firm is 558 h.p, 
The Gasmotoren Fabrik Deutz take the third place with fifty-one engines, develop- 
ing collectively 20,655 h.p.; and are followed by the Deutsche Kraftgas Gesell- 
schaft and licensees, working under the Oechelhaueser patents, with engines num- 
bering twenty-eight and giving 16,900 h.p. 
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Although America has lagged somewhat behind the Continent in adopting 
large gas engines, there is evidence that this state of affairs will not long continue. 
The Snow Steam Pump Works of Buffalo, New York, have only recently started 
the manufacture of gas engines, yet they have already put to successful work six 
gas engines of 1,000 h.p. each, and are now constructing two enormous gas-engine 
gas compressors of 4,000 h.p. each, the first to be running next November, and the 
second by January 1903. The Westinghouse Machine and Manufacturing Company, 
of Pittsburgh, have made gas engines of 1,500 h.p., and are prepared to build sizes 
up to 3,000 h.p., either horizontal or vertical. 

Improvements in construction were then dealt with, the points touched upon 
being concerned respectively with the framework, the cylinder and piston, the 
valves, ignition apparatus, governing devices, and self-starting mechanism. 

Types of engines were briefly considered with a view to show upon what lines 
the development is progressing, and to indicate the kind of machine which may 
be expected to prove the most successful gas engine in the future. 

Some advances in the theory of the gas engine were mentioned. The last few 
years have shed some light on what takes place in a gas-engine cylinder, and the 
author referred to the questions of temperature gradients, the effect of increased 
specific heats of gases at high temperatures, and the effect of high pressures on the 
mode of heat transference to the cylinder walls. The heat efficiency of gas engines 
received attention, and some figures were given as to the relative efficiencies of gas 
and steam engines. 

Gas Engines for Central Stations.—It is admitted that the future of gas 
engines for central-station purposes depends on the ability of gas engines to drive 
alternators in parallel. Numerous instances were given in which gas-driven alter- 
nators are regularly at work in parallel, giving good results. The permissible 
cyclic variation of gas engines intended for driving alternators was discussed, 
and other matters relating to successful parallel working were dealt with. 


FRIDAY, SEPTEMBER 12. 
The following Papers and Report were read :— 
1. Steam Turbines. By Hon. C. A. Parsons, LBS. 


2. Report on the Resistance of Road Vehicles to Traction. 
See Reports, p. 314. 


3. On Regular Undulations produced in a fioad by the Use of Sledges. 
By Vauauan Cornisu, D.Sc., /.G.S., .CS., FB.GS, 


On the steep road from the Saddlestone Slate Quarry, Coniston, Lancs, 
sledges are used to convey the slate down to the railway, the load for a sledge 
being half a ton. On the up journey the empty sledge is placed in the cart, to 
which on the down journey it acts as a drag, so that the sledges are only dragged 
in one direction, viz.,downhill. The sledges produce undulations of a symmetrical 
and rounded form, resembling a curve of sines, in the road. The length of the 
sledge-runners is 4 feet 7 inches. The average length of the undulations from 
crest to crest was, in September 1901, 14 feet 8 inches, and in August 1902, 
14 feet 9°4 inches, 7.e. a little more than three times the length of the sledge. The 
average height from trough to crest of a series of seven ridges, measured in 1902, 
was 7‘5 inches. Identical sledges are used on part of the road from Cove Quarry, 
on another side of the hill (the ‘Old Man’ of Coniston), which also produce undu- 
lations, the average length of which was 14 feet 9 inches. Sledges have been in 
use on the Saddlestone Quarry road for forty years, and it has not been found 
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practicable to avoid the formation of these inconvenient undulations. From time 
to time the crests, which are said to become very hard and compact, are hacked 
up, and the material thrown into the troughs. Their formation is generally 
ascribed by those who use the road to initial inequalities (such as cross-channels 
caused by violent rains) of sufficient size to make the sledge pitch. Unequal 
hardness of different parts of the road has also been assigned as a cause for com- 
mencing that pitching motion which is obviously associated with the formation of 
the undulations. 

‘When these conditions exist they undoubtedly tend to produce the effect ; but 
the author has found, by experiment with a miniature sledge, that, when the 
detritus of the road consolidates readily under pressure, these undulations arise 
spontaneously by the action of a steadily moving sledge when furrowing a 
homogeneous and level road. The wedge of detritus pushed along in front of the 
prow of the sledge becomes compacted, the sledge surmounts it, rolling like a 
wheel, and the detritus remains behind, as an excrescence incorporated with the 
road. At the same time the sledge pitches, furrowing the road more deeply, 
accumulating detritus in front of it, which it finally surmounts (with the rolling 
movement which assists to compress, bind, and consolidate the material) building 
up the next crest. 

The conversion of the plane surface to a strongly undulating surface of definite 
wave length, in the author’s experiments about 33 times the length of the sledge, 
proceeded very rapidly when the material (coarse river sand by the shore of 
Coniston Water) was of the right degree of dampness. The (horizontal) track was 
free from inequalities or obstructions, and the sledge was drawn steadily and 
slowly. 

Corresponding undulations sometimes produced by sledge-driving on snow- 
covered roads are familiar in Canada, where they are called cahots (jolts). The 
author saw these in and near Montreal in the winter 1900-1901. They averaged 
13 feet in length from crest to crest, and § inches appeared to be a not uncommon 
amplitude. The length of the sledge-runners varied, but 5 to 6 feet seemed to 
be a common size. The author came to the conclusion that for the marked 
development of cahots the snow should be in the state to bind under the pressure 
of the sledge when it rolls over a prominence. The dry snow in zero weather at 
Winnipeg did nct show the same tendency to go into cahots. 

The author has investigated many cases of undulating surfaces spontaneously 
produced by the passage of a fluéd (air or water) over granular materials. The 
above observations appear to extend the range of this class of phenomena. 


4. A New Elastic Vehicle Wheel. By J. Brown, FBS. 


In previously designed vehicle wheels having springs inserted between hub 
and rim, such springs, if rigidly fixed at their ends, are soon broken off at these 
points of attachment owing to the bending due to the continual displacement 
of the hub relatively to the rim during the revolution of the wheel. 

If springs be attached through jointed connections to rim and hub, the action 
of such joints involves continual loss of power by friction in the joints as the 
wheel revolves. 

In the wheel shown no joints are used, and the spring spokes are attached 
rigidly to hub and rim, but the tendency to fracture at the points of attachment 
is overcome in spreading the breaking stress over a foot or more of the ends of the 
spring by giving the ends of the steel strip from which the spring is made a 
taper form, gradually increasing in thickness towards the ends. The spring spokes 
are crossed alternately between hub and rim to give sideway stability. The outer 
ends are bolted to a casting attached to inner side of rim; the inner ends to a 
specially made hub so formed that by means of a taper key passing through a slot 
in the tail of the spring its tension can be adjusted so as to keep the rim true. 
The whole set of springs are then clipped fast by rings bolted on the faces of the 
hub. The wheel stood well a test at considerable speed on rough roads as a 
driver, and carrying a load of 11 cwt. 
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5. An All-stations Express Train. By J. Brown, F.R.S. 


The working model exhibited illustrated the automatic working, by means 
of appropriate self-acting switches and couplings, of the scheme for an electric 
railway described in the ‘Journal of the Institute of Electrical Engineers,’ 
vol. xxx., part 148 (1901), together with a newly added protective signalling 
device indicating to the driver in a car following another car, which it is about to 
pick up, the distance between such cars. This consists of a resistance fixed along 
the side of the track in contact with brushes or sliders on the cars. The brush 
on the car in advance is joined, say, to the positive of the main electric supply ; 
that on the following car to the negative. The current consequently flowing 
through the resistance, being inversely proportional to the distance between the 
cars, may indicate this distance on appropriate instruments under the driver's eye 
in each car, 


6. The Rainfall of Ireland. 
By Hueu Ropertr Mitt, D.Sc., LL.D., F.RSL. 


In order to determine the true mean annual rainfall of any region it is neces- 
sary to have uniform, continuous, and prolonged observations at a large number 
of well-distributed stations. 

It is now possible for the first time to give a fairly satisfactory account of 
Irish rainfall, though the observing stations at work are only one for every 
170 square miles as compared with one for every twenty square miles in England. 
The number of stations in Ireland has increased from 83 in 1874 to 190 in 1901, 
an increase of 140 per cent. ; while the number of stations in England and Wales 
increased only by 120 per cent., and in Scotland only by 32 per cent., in the same 
period. In 1874 there was not a single record of rainfall from the counties of 
Clare, Kildare, Leitrim, Limerick, Longford, or Monaghan ; now there is at least 
one rain record from every county. The number of stations is still far too small, 
especially in Connaught; and after the stimulus of the British Association in 
Belfast produced its effect in 1875 the number in Ulster has ceased to grow :— 


j No. of | 
Province Rain Stations} No. in 1875 No. in 1901 
in 1874 
Ulster . ; 3 3 5 ; . 30 55 56 
Connaught . : ; c . ; 10 15 22 
Leinster ‘ : é ; : 5 26 31 62 
Munster ‘ ; : . 2 é 17 28 50 
Ireland ; : 5 5 4 83 129 190 


While 1,400 additional stations would be necessary to place Ireland on the same 
footing as an equal area of England, only 185 additional observers are required to 
give the same number of rain-gauges per thousand of population. 

Perfect records for the ten years 1890-99 exist for 108 stations in Ireland, and 
by computation thirty-one additional records can be made available. Of these 
twenty-one records are perfect for the thirty years 1870-99, and fifty-six records 
of somewhat shorter duration can be computed with reasonable accuracy. The 
distribution is not satisfactory, the western half of the country and all the moun- 
tainous districts being very poorly represented. Maps have been constructed, 
however, which give a better representation of Irish rainfall than anything pre~ 
viously compiled. ; 

The map for the thirty years 1870-99 may be taken as showing the true mean 
fall so far as the limited number of stations makes it possible to do so. There are 
only three small areas with a fall exceeding 50 inches per annum in the west of 
Kerry, of Mayo and Galway, and of Donegal respectively. Possibly some parts 
of the eastern mountains may also have a fall exceeding 50 inches, More than 
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40 inches falls over the whole of Ireland west of the Foyle and the Shannon, and 
to the west and south of a line drawn from Limerick through Mallow to Clonmel, 
whence a narrow belt, equally wet, runs north-eastward through the counties of 
Waterford, Wexford, and Wicklow. ‘Two small areas with more than 40 inches 
occur in the south-east of Co. Down and the east of Co. Antrim. All the rest of 
Treland has between 30 and 40 inches of rain, except parts of Co. Dublin and 
Co. Meath, where the fall averages less than 30 inches. The following table gives 
a rough approximation to the areas of the different zones of rainfall :— 


Under 30 inches (average 29 in.) . A : 700 square miles. 

From 30 to 40 inches (average 35:5 in.) . 13,200 33 

From 40 to 50 inches (average 44 in.) . . 13,500 “e 

Above 50 inches (average 60 in.) . ; . 5,200 i. 
Treland 2 Z . 32,600 


This gives an average of 42 inches for the whole country; a figure which, 
although by no means certain, is probably not very far from the truth, 

The variations of rainfall in Ireland are less than those in England. Thus for 
the ten years 1890-99 the rainfall over Ireland was only 2 per cent. below the 
thirty years’ average ; that over England and Wales showed a deficiency of 7 per 
cent.! The average rainfall of the ten years was practically the same as that of 
the thirty years in central Ireland, a tritle above the average in the north-west, 
and a little below the average round the north, east, and south coasts. 


Rainfall Averages for Thirty Years, 1870-99. 


Place |1870-79 1880-89 1890-99 | 1870-99 
in. in. in. in. 

Portlaw, Mayfield, Co. Waterford . ; . | 41°65 | 43°31 | 42:18 | 42°38 
Glenam, Clonmel, a = 4 . | 43°47 | 42°15 | 40°89 | 42:17 
New Ross, Longraigue, Co, Wexford . : . | 48°57 | 39°29 | 38°75 | 40°54 
Enniscorthy, Ballyhyland, _,, F é . | 44:36 | 42°80 | 41°45 | 42°87 
Gorey, Courtown House, 4 : . Z 38:14 | 35°39 | 33°62 | 35°72 
Inistioge, Woodstock, Co. Kilkenny . : . | 46°64 | 41°67 | 38:50 | 42:27 
Bray, Fassaroe, Co. Wicklow. : : . | 38:70 | 43°28 | 39°68 | 40°55 
Carlow, Browne’s Hill, Co. Carlow. 5 . | 36:09 | 33°59 | 33°65 | 34:44 
Dublin, FitzWilliam Square, Co. Dublin . . | 28:47 | 27-47 | 27:30 | 27-75 
Athlone, Twyford, Co. West Meath . : . | 40°47 | 38°97 | 3583 | 38°42 
Ballinasloe, Co. Galway . ; : : . | 88°89 | 35°66 | 36°58 | 37-04 
Tuam, Gardenfield (6 ft.), Co.Galway. . | 38:43 | 42°76 | 41°85 | 41:01 
Belturbet, Redhills, Co. Cavan . ; ¢ . | 36°57 | 34:57 | 34:42 | 35-19 
Armagh, Observatory, Co. Armagh . 5 . | 30:95 | 32°16 | 30°97 | 31:36 
Seaforde, Co. Down . : : : : . | 41°67 | 37:89 | 36:27 | 38°61 
Banbridge, Milltown, Co. Down "4 4 . | 82°75 | 31:44 | 30:23 | 31:47 


Waringstown, +s : : ; . | 34:03 | 33°02 | 34:14 | 33-73 
Belfast, Queen’s College, Co, Antrim . . | 34:92 | 32°77 | 32:00 | 33:23 

,» Antrim Road, pe ; , . | 83°86 | 34:57 | 35:28 | 34:57 
Omagh, Edenfel, Co. Tyrone . 3 5 . | 87:25 | 36°63 | 39°66 | 37°85 


7. Water Power in Ireland. By F. J. Dick. 


8. A Direct Reducing Levelling Staff: 
By G. W. Herpman, B.Sc. 
The object of this staff is to lessen the arithmetic which is always necessary 


to obtain from the observation through the level telescope the actual height above 
datum (or ‘ reduced level’) of the spot where the staff is held. 


1 Seo Eritish Rainfall, 1901, p. 24. 
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The staff may be any number of feet in length, and may be graduated according 
to any pattern which the user finds convenient. It differs essentially from the 
ordinary levelling staff in having a shoe which slides on the staff at the end with 
the maximum graduations, and which can be extended and fixed at any particular 
hundredth of a foot so as to lengthen the staff by the amount of that extension. 

The method of employing it is as follows :— ' 

Having set up the level, the height of the instrument or ‘collimation level’ is 
obtained, as usual, by adding to the value of the ‘ bench mark’ on which the staff 
is held the reading seen on the staff. The shoe is now extended to the amount of 
the decimals in the collimation level, and in the field-book, beneath the collimation 
level, is written the ‘datum level,’ which is the total length of the extended staff 
less than the collimation level. The ‘datum level’ consequently is a whole 
number without decimals. All other observations from this position of the level 
are now taken with the staff inverted, z.e., the shoe on the ground, and the reduced 
level is obtained by adding the reading to the datum level. 

The amount to which the shoe is extended only has to be altered when the 
collimation level is altered, z.e., when the instrument’s position has been altered. 
The booking as reduced levels of a large number of observations from one position 
of the level is extremely simple and rapid. 


SATURDAY, SEPTEMBER 13. 
The Section did not meet. 


MONDAY, SEPTEMBER 15. 
The following Papers were read : — 


1. The Future of the Telephone in the United Kingdom. 
By J. E. Kincssury. 


2. A New Magnetic Testing Instrument. By F. Houpen. 


3. The Electrical Conductivity of certain Aluminium Alloys as affected by 
Exposure to London Atmosphere.1 By Professor ERNest WILSON. 


This paper deals with the effect upon electrical conductivity of exposing light 
aluminium alloys to London atmosphere. The author pointed out that if commer- 
cially pure aluminium be alloyed with a small percentage of copper for the purpose 
of increasing its tensile strength exposure diminishes electric conductivity, possibly 
by electrolytic action pitting the surface. If, in addition to the copper, a small 
percentage of nickel be added, no such effect occurs, and the tensile strength is 
increased. The discovery that metals which alloyed alone with aluminium may 
produce unfavourable effects, but in combination prove beneficial, may have 
practical importance in other than electrical branches of engineering. The 
physical properties of aluminium alloys are still little understood, and the 
subject is of great interest to engineers in general. 


4, Some Electrical Instruments. By M. B. Fiexp. 


Four instruments were exhibited and briefly described. The first was a volt- 
meter for a three-wire circuit which was compensated for the yoltage drop in a 


1 See the Hlectrician, September 19, 1902. 
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triple concentric cable, of which the outers had a cross-section of 0-5 square inch 
and the neutral 0:25 square inch. The feeder was one mile in length. 

The second instrument was intended for determinations of amperes, volts, 
watts, and power factor. It was constructed on the hot-wire principle, and was 
intended for use in test-rooms, workshops, &c. The various determinations were 
made by taking readings with a plug attached to the instrument in different plug- 
holes, two readings being necessary for the determination of watts. 

The third instrument was styled a ‘fault indicator,’ being designed principally 
for use on tramway circuits. The circuit-breakers protecting tramway feeders 
often open for unknown causes: sometimes it may be due to faults occurring, 

‘sometimes merely temporary overload. Usually the circuit-breakers are closed 
again without further precaution. This is obviously an unsatisfactory proceeding. 
The fault indicator showed whether the line was ‘clear’ or‘ blocked’ by measuring 
its resistance. It was arranged on the principle of a bridge: if the resistance was 
below a certain amount the pointer of the indicator went hard over to the left, 
indicating ‘line blocked’; if above a certain limit, hard over to the right, indicating 
‘line clear.’ 

The fourth instrument was a synchronising switch and voltmeter. 

The switch was arranged so that with a single setting it— 


(1) put pilot synchronising lamps into the cireuit, which lamps were situated 
near the engine of the incoming alternator for the driver’s benefit ; 

(2) put synchronising lamps into circuit on the panel of the incoming 
alternator ; 

(3) put a synchronising voltmeter in circuit ; 

(4) put a special voltmeter into circuit with a double winding, each winding 
actuating an independent pointer. 


The two pointers, however, moved over the same dial, and were arranged so 
that if they were indicating equal voltage they together formed a radial line 
across the dial; if unequal, a broken line. The one winding was connected to 
the incoming alternator, the other to the "bus bars. The double voltmeter and 
the synchronising voltmeter were mounted on the same swinging bracket. With 
the arrangement described the ordinary general arrangement of the switchboard 
could be simplified, and the process of synchronising facilitated. 


5. The Science of the Workshop. By W. Tayuor. 


6. The Importance of Minor Details in Engineering Work. 
By M. Hotroyp Smiru. 


7. On the Specific Utilisation of Materials in Dynamo Construction. 
By Professor 8. P. THompson, F.2.S. 


8. A new Flashing Lighthouse Light without Intervals of Darkness. 
By J. R. WicHaM. 


9. A Joint Discussion with Section L on the Training of Engineers. 


TUESDAY, SEPTEMBER 16. 
The following Report and Papers were read :— 
1. Report on the Smal! Screw Gauge.—See Reports, p. 350. 
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2 The Smokeless Combustion of Bituminous Fuel. 
By W. H. Booru, M.Am.Soc.C.£. 


The author points out that although engineers are taught the conditions neces- 
sary to combustion, they do not put them into practice, and the modern boiler is 
fixed in the most primitive manner. 

Certain fuels burn without smoke, and may be burned directly below heat- 
absorbing surface. This cannot be done smokelessly with hydrocarbons, because 
of the greater avidity of hydrogen than of carbon for oxygen, and the necessity 
of preserving a high temperature for burning hydrocarbon gas. 

The difference between long and short flaming coal is pointed out and the 
effects noted. 

The effect of refractory furnaces is discussed. The refrigerating effect of 
volatilising solid hydrocarbons is discussed in its effect on the distribution of _ 
temperature in a furnace, and the production of heat at and beyond the grate 
surface. Though less heat is produced at the grate surface, the total heat-pro- 
duction of bituminous coal is eventually secured if suitable furnace arrangements 
are provided for the purpose. 

The faults of everyday boiler-settings are pointed out in respect of various 
types of boilers, and the bad effect of cold-water pipes in the path of the furnace 
gases is referred to. Though very bad as a smoke producer, the common form of 
water-tube boiler can easily be set so as not to produce smoke, ‘The furnaces 
must be so arranged that all the gaseous products of the furnace are swept 
together with all the admitted air, and are not cooled down until sufficiently 
burned to admit of being used. For this purpose furnace linings must be non- 
heat absorbent. 

Small-tube boilers are condemned in their more common forms, and the 
arrangement of the refractory furnace of the Weir boiler pointed out as affording 
economical and smokeless combustion. 

The locomotive is also instanced as an example of how partial recognition of 
the correct principles has been fairly successful. 

Some of the attempts to secure smokeless combustion are discussed, and the 
conviction expressed that there is nothing in smoke prevention to justify the 
assertion so often made that it is economically impossible. 

The final conclusion is that smokeless combustion of bituminous coal is as 
easy and certain as the reverse method. 


3. The Prevention of Smoke. By J.S. Rayworru. 
4. The Solignac Bowler. By W. H. Booru. 
5. The Making of a Dynamo. By H. A. Mavor. 


6. Experiences with the Infantry Range-finder in the South African War. 
By Professor G. Forses, /.2.S. 


7. A Preliminary Note on Gas-engine Explosions.. By H. E. Wimperts. 


In this note the writer refers to a previous paper published in the columns of 
Engineering (June 27 and August 1, 1902) in which the thermodynamic properties 
of gaseous mixtures during explosion were investigated in the light of the results 


1 Published in extenso in Engineering, October 10, 1902, and in the Engineer, 
October 10, 1902. 
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obtained by the Gas-engines Research Com nittee of the Institution of Mechanical 
Engineers. A linear relation to connect specific heat and temperature was 
employed, and the present case is a consideration, on somewhat similar lines, of 
the results obtained in the classical experiments carried out by Dugald Clerk. 
It is shown that with variable specific heat constants and cooling corrections 
based on experimental data it is possible to account for the whole of the heat 
liberated during explosive combination, and that it is unnecessary to assume the 
existence of any after-burning. 


8. A Note on Gas-engine Explosions. By Professor J. Perry, F.R.S. 


9. The Direction and Velocity of Material-bearing Ocean Currents, with 
Description of wn Apparatus recently designed for Estimating the same. 
By R. G. Autanson-Winy, B.A., MInst.C. £1, 


It appears that our present knowledge with respect to the action of bottom 
currents is very incomplete ; and that experiments, conducted with great care over 
lengthy periods, are necessary in order to establish certain data. 

A large number of experiments at many piaces would involve the expenditure 
of considerable sums annually, but the author is convinced that such an outlay 
would be by no means thrown away; and with the view of making a start with 
actual experiments he has designed a simple form of current indicator by means of 
which the direction and velocity of bottom currents may be very approximately 
arrived at. 

The instrument exhibited is of simple construction, and not liable to get 
out of order. Itconsists of a very heavily weighted vertical bar on which rotates a 
free vane capable of being clamped the moment the apparatus leaves the bottom on 
which it is resting during the registration of direction and velocity. A compass 
is attached, and this is also clamped at the same moment; so that the observer, on 
pulling up the instrument, has been enabled to take the depth of water and the 
direction of the bottom current. The measurement of the velocity is arrived at 
by the attachment to the vane of a current meter of approved pattern, such as 
Revey’s screw or B. T. Moore's! — 

This meter may be also set free on the instrument touching the bottom, and 
clamped the moment it leaves the bottom. 

In order to guard against disturbances such as seaweed, jeily-fish, &c., &c., 
the whole apparatus can be sunk in a cylindrical wire-netting case. Even this 
protection is not sufficient ; so it is very advisable to take several soundings, and 
then take the mean of these. 

The author feels that a great deal depends upon the simplicity of the working 
parts of an instrument for sea observations, very delicate machines being liable to 
be thrown out of gear by unavoidable rough usage and the action of salt water. 


1 Pro.. Inst.C.E., xlv. 220. ‘ 
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Section H.—ANTHROPOLOGY. 


PRESIDENT OF THE SEctIon—A. C. Happon, M.A.,Sc.D., F.R.S., M.R.LA. 


THURSDAY, SEPTEMBER 11. 
The President delivered the following address :— 


So much has been written of late on totemism that I feel some diffidence in 
burdening still further the literature of the subject. But I may plead a slight 
claim on your attention, as I happen to be an unworthy member of the Crocodile 
kin of the Western tribe of Torres Straits, and I have been recognised as such 
in another island than the one where I changed names with Maino, the chief of 
Tutu, and thereby became a member of his kin. 

Ido not intend to discuss the many theories about totemism, as this would 
occupy too much time; nor can I profess to be able to throw much light upon the 
problems connected with it; but I chiefly desire to place before you the main 
issues in as clear a manner as may be, and I venture to offer for your consideration 
one way in and some ways out of totemism. 

A few years ago M. Marillier wrote’ that ‘totemism is one of the rare forms 
of culture: it is incapable of evolution and transformation, and is intelligible only 
in its relations with certain types of social organisation. When these disappear 
it also disappears. Totemism in its complete development is antagonistic alike to 
transformation or progress.’ In due course I shall describe how one people at 
least is emerging from totemism. At the outset I wish it to be distinctly under- 
stood that I do not regard this as the only way out; doubtless there have been 
several transformations, but a record of what appears to be taking place appeals 
more to most students than a guess as to what may have happened. 

What is most needed at the present time is fresh investigation in the field. 
Those who are familiar with the literature of the subject are only too well aware 
of the imperfection of the available records. There are several reasons which 
account for this. Some of the customs and beliefs associated with totemism have 
a sacred significance, and the average savage is too reverent to speak lightly of 
what touches him so deeply. Natives cannot explain their mysteries any more 
than the adherents of more civilised religions can fully explain theirs. Further, 
they particularly dislike the unsympathetic attitude of most inquirers, and nothing 
silences a native more effectually than the fear of ridicule. 

Language is another difficulty. Even supposing the white man has acquired 
the language, the vocabulary of the native is not sufficiently full or precise to 
explain those distinctions which appeal to us, but which are immaterial to him. 

Granting the willingness of the native to communicate his ideas, and that the 
hindrance of language has been overcome, there remains the difficulty of the native 
understanding what it is the white man wishes to learn. If there is a practically 


' Rev. de Vv Hist. des Religions, xxxvi. 1897, pp. 368, 369. 
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insuperable difficulty in the investigator putting himself into the mental attitude 
of the savage, there is also the reciprocal source of error. 


‘Oh, East is East, and West is West, 
And never the twain shall meet.’ 


If Kipling is right for the civilised Oriental, how about those of lower stages 
of culture and more primitive modes of thought ? 

We must not overlook the fact that the majority of white men who mix with 
primitive folk are either untrained observers or their training is such that it 
renders them yet more unsympathetic—one might say antagonistic—to the native 
point of view. ‘The ignorance and prejudice of the white man are great hindrances 
to the understanding of native thought. 

When students at home sift, tabulate, and compare the available records, they 
get a wider view of the problems concerned than the investigator in the field is 
apt to attain. Generalisations and suggestions crystallise out which may or may 
not be true, but which require further evidence to test them. So the student 
asks for fresh observations and sends the investigator back to his field. 

The term ‘ totemic’ has been used to cover so many customs and beliefs that it 
is necessary to define the connotation which is here employed. 

It appears from Major J. W. Powell’s recent account of totemism! that the 
Algonkin use of the term ‘totem’ is so wide as to include the representation of the 
animal that is honoured (but he does not state that the animal itself is called a 
totem), the clay with which the person was painted, the name of the clan,? and 
that of the gens,* the tribal name, the names of shamanistic societies, the new name 
assumed at puberty, as well as the name of the object from which the individual is 
named. He distinctly states, ‘We use the term “ totemism” to signify the system 
and doctrine of naming.’ I must confess to feeling a little bewildered by this 
terminology, and I venture to think it will not prove of much service in advancing 
our knowledge. It looks as if there had been some misunderstanding, or that the 
Algonkins employed the word ‘ totem’ to cover several different ideas because they 
had not definite terms with which to express them. Major Powell’s definitions 
practically exclude those cults which are practised in various parts of the world, 
and which by the common consent of other writers are described as totemic. 

Professor E. B. Tylor has given* the following clear exposition of his inter- 
pretation of the American evidence : ‘ It is a pity that the word “ totem ” came over 
to Europe from the Ojibwas through an English interpreter who was so ignorant 
as to confuse it with the Indian hunter's patron genius, his mdnitu, or “ medicine.” 
The one is no more like the other than a coat of arms is like a saint’s picture. 
Those who knew the Algonkin tribes better made it clear that totems were the 
animal signs, or, as it were, crests, distinguishing exogamous clans; that is, clans 
bound to marry out of, not into, their own clan. But the original sin of the 
mistake of Long the interpreter has held on ever since, bringing the intelligible 
institution of the totem clan into such confusion that it has become possible to 
write about ‘‘ sex totems ” and “ individual totems,” each of which terms is a self- 
contradiction. . . . Totems are the signs of intermarrying clans.’ 

A reviewer in ‘ L’Année Sociologique,’ 1i. 1899, says (p. 202): ‘One must avoid 
giving to a genus the name of a species. It will be said these are merely verbal 
quibbles; but does not the progress of a science consist in the improvement of its 
nomenclature and in the classification of its concepts ?’ 

Totemism, as Dr. Frazer and I understand it, in its fully developed condition 
implies the division of a people into several totem kins (or, as they are usually 
termed, totem clans), each of which has one, or sometimes more than one, totem. 
The totem is usually a species of animal, sometimes a species of plant, occasionally 
a natural object or phenomenon, very rarely a manufactured object. Totemism 


1 Man, 1902, No. 75. 

2 A group that reckons descent only through the mother. 

* A group that reckons descent only through the father. 

* Man, 1902, No. 1; cf. Journ. Anthrop. Inst., xxviii. 1898, p, 138. 
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also involves the rule of exogamy, forbidding marriage within the kin, and 
necessitating intermarriage between the kins. It is essentially connected with 
the matriarchal stage of culture (mother-right), though it passes over into the 
patriarchal stage (father-right). The totems are regarded as kinsfolk and 
protectors or benefactors of the kinsmen, who respect them and abstain from 
killing and eating them, There is thus a recognition of mutual rights and 
obligations between the members of the kin and their totem. The totem is the 
crest, or symbol, of the kin. 

Sometimes all the kins are classified into two or more groups; for example, 
in Mabuiag, in Torres Straits, there is a dual grouping of the kins, the totems of 
which are respectively land and water animals; and in speaking of the latter group 
my informant volunteered the remark, ‘ They all belong to the water; they are all 
friends” Onthe mainland of New Guinea also I found that one group of the 
totems ‘stop ashore,’ while the other ‘stop in water.’ When no member of a 
group of kins ina community can marry another member of that same group, 
that group is termed a phratry. An Australian tribe is generally divided into 
two exogamous phratries, 

North America is the home of the term ‘ totem,’ and though typical totemism 
does occur there, it is often modified by other customs, In Australia we find 
true totemism rampant, and it occurs in Africa, where also it is subject to much 
modification. Quite recently the Rev. J. Roscoe has. published an important 
paper ! on the Baganda, in which he describes a perfectly typical case of totemism. 
Among the Baganda there are a number of kins, each of which has a totem, 
muziro. The kin, kika, is called after its totem; no member of a kin may kill 
or eat his totem, though one of another kin may do so with impunity. No one 
mentions his totem. Old people aftirm their fathers found some things injurious 
to them, either as food or to their personal safety, and made their children promise 
not to kill or eat that particular thing. No man may marry into his mother’s 
kin, because all the members of it are looked upon as sisters of his mother; nor 
may he marry into his father’s kin except in the case of two very large kins. In 
Uganda, royalty follows the totem of the mother, whilst the common people follow 
the paternal totem. Each kin has its own special part of the country where the 
dead are always buried. For sympathy or assistance the member of a kin always 
turns to his particular kin, S’rom what Mr. Roscoe says about the married 
women of the Green Locust kin, it is evident that the magical aspect of totemism 
is present, as it is in Australia and Torres Straits. The Baganda are thus a true 
totemic people who are in an interesting transitional condition between matri- 
archy and patriarchy. Totemic practices also occur in various parts of Asia, 

To put the matter briefly, totemism consists of the following five elements :— 


Social organisation with totem kinsmen and totem symbols. 
Reciprocal responsibilities between the kin and the totem. 
Macical increase 2 or repression of the totem by the kinsmen. 
Social duties of the kinsmen. 

Myths of explanation. 


Ov go tO 


Totemism is only one of several animal cults, and it is now necessary to consider 
certain cults that have been termed totemic before I proceed with the main object 


of this Address. 


1 Journ. Anthrop. Inst., xxii. 1902, p. 265. 

2 The first intimation of this aspect of totemism is entirely due to the researcies 
of Messrs. Spencer and Gillen (Zhe Native Tribes of Central Australia, 1899). Dr. 
J. G. Frazer, appreciating the value of these observations, extended the conception 
to totemism generally, Journ. Anthrop. Inst., xxviii, 1899, p. 285, read December 14, 
1898; the Fortnightly Review, April 1899, pp. 664, 665 ; ¢f. also ‘Israel and Totem- 
ism,’ by S. A. Cook, Jewish Quart. Revier, April 1902, pp. 25, 26 of reprint. 
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Manitu (Guardian Spirit). 


Very widely spread in North America was the belief in guardian spirits, which 
appeared to young men in visions after prayer and fasting. It then became the 
duty of the youth to seek until he should find the animal he had seen in his 
trance ; when he found it, he must slay and preserve some part of it. In cases when 
the vision had been of no concrete form, a symbol was taken to represent it: 
this memento was ever after to be the sign of his vision, the most sacred thing he 
could ever possess, for by it his natural powers were so to be reinforced as to give 
him success as a hunter, victory as a warrior, and even power to see into the 
future. 

The guardian spirit was obtained in various ways by different American tribes, 
but the dream apparition was the most widely spread. Dr. Frazer? calls it 
*jndividual totem’; Miss Fletcher speaks of the object dreamed of (the wahube 
of the Omaha) as the ‘personal totem’ or simply as the ‘totem’; it is termed 
by the Algonkin manitu, by the Huron okki, by the Salish Indians sudia, and 
nagual in Mexico. Perhaps it would be best to adopt either wahube or manitu 
to express the guardian spirit. 

Miss Alice C. Fletcher finds that among the Omaha? those who have received 
similar visions, that is, those who have the same wahube, formed brotherhoods 
which gradually developed a classified membership with initiatory rites and 
other rituals. These religious societies acquired great power ; still later, according 
to this observer, an artificial social structure, the ‘gens,’ was organised on the 
lines of the earlier religious societies. Hach ‘gens’ had its particular name, which 
referred directly or symbolically to its totem, and its members practised exogamy 
and traced their descent only through the father. ‘As totems could be obtained 
in but one way—through the rite of vision—the totem of a “gens” must have come 
into existence in that manner, and must have represented the manifestation of an 
ancestor's vision, that of a man whose ability and opportunity served to make 
him the founder of a family’ Mr. C. Hill-Tout,? in discussing the origin of the 
totemism of the aborigines of British Columbia, states :—‘ There is little room for 
doubt that our clan totems are a development of the personal or individual totem 
or tutelar spirit, as this is in turn a development of an earlier fetishism.’ 

Dr. F. Boas points out * that the tribes of the northern portion of the North 
Pacific group of peoples, such as the Tlingit, Haida, and Tsimshian, have a 
maternal organisation with animal totems: the clans bear the rames of their respec- 
tive totems and are exogamous. The central tribes, particularly the Kwakiutl, 
show a peculiar transitional stage. The southern tribes have a purely paternal 
organisation, and their groups are simple village communities which are often 
exogamic. ; 

Dr. Boas distinctly asserts’ that ‘the natives do not consider themselves 
descendants of the totems; all endeavours to obtain information regarding the 
supposed origin of the relation between man and animal invariably led to the 
telling of a myth, in which it is stated how a certain ancestor of the clan in 
question obtained his totem. ... It is evident that legends of this character 
correspond almost exactly to the tales of the acquisition of manitows among the 
eastern Indians, and they are evidence that the totem of this group of tribes is in 
the main the hereditary manitow of a family.° This analogy becomes still 


! Totemism, 1887, pp. 2, 53. 
2 «The Import of the Totem,’ Proc. Amer. Assoc. Adv. Sci., Detroit Meeting, 1897, 


pp. 325 fi. 
3 Trans, Roy. Soc. Canada (2nd ser.), vii., sect. 2, 1901, p. 6. 
* Report U.S. Nat. Mus., 1895 (1887), pp. 322, 323, 334. 5 L.e., p. 323. 


® But Mr. E. 8. Hartiand points out (Holk-love, xi. 1900, p. 61) that we have clear 
evidence froin the legends of the descent at all events of some of the clans from 
non-human ancestors; and Mr. Hill-Tout says: ‘Among the Salish tribes it is 
uniformly believed that in the early days, before the time of the tribal heroes or 
great transformers, the beings who then inhabited the world partook of the character 
of both men and animals assuming the form of either apparently at will.’ 
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clearer when we consider that each man among these tribes acquires a guardian 
spirit, but that he can acquire only such as belong to his clan. Thus a person 
may have the general crest of his clan, and besides use as his personal crest such 
guardian spirits as he has acquired. This accounts partly for the great multi- 
plicity of combinations of crests on the carvings of these people.’ 

Throughout a considerable portion of North America there appears to be a 
mixture ot variously developed cults of the totem and of the manitu. It is not 
perhaps possible at present to dogmatise as to the relative chronology of these 
two cults. Personally I am in favour of the superior antiquity of the totem 
cult, as the conception of an individual spirit-helper appears to me to be of a 
higher grade than the ideas generally expressed by purely totemic peoples, or 
what may be gathered by implication from a study of their ceremonies. 

The social organisation appears to be very weak in some Californian tribes ; 
our knowledge of the Seri in this respect is very meagre, but Dr. Dixon definitely 
denies ! the existence of totemic grouping among the Maidu. 

Accepting then for the present the priority of the totem cult, we find a 
substratum of totemism underlying many of the social organisations in North 
America. Religious societies are a noticeable feature of the social life of North- 
west America ; those societies have the guardian spirit (manztw) as their central 
idea, but it appears as if the organisation is rooted in a clan” system which has 
been smothered and virtually destroyed by the parasitic growth. The problems 
to be solved in North-west America are very complicated, and we must await 
with patience further researches. It is perfectly evident from the researches of 
Boas, Nelson, Hill-Tout, and others that comparatively recent great changes 
have taken place. Dr. Boas indeed states that ‘the present system of tribes and 
clans (of the Kwakiutl) is of recent growth and has undergone considerable 
changes.’* An interesting illustration of this is found in the alteration in the 
organisation of the (Kwakiutl) tribe during the season of the winter ceremonial. 
‘During this period the place of the clans is taken by a number of societies, namely, 
the groups of all those individuals upon whom the same or almost the same 
power or secret has been bestowed by one of the spirits.’* The characteristic 
North American idea of the acquisition of the manitu was evidently also funda- 
mental among the Kwakiutl, as all their tales refer to it, and the whole winter 
ceremonial is based on it. 

I agree in the main with Mr. Hartland® in thinking that, ‘whether or no 
totemism was anciently a part of the tribal organisation, the manitu conception is 
of modern date. It is part of the individualism which is tending, not among 
these tribes only, to obscure the older communistic traditions.’ 


Nyarong. 


Allied to the manitu of North America is the nyarong, or spirit helper, of the 
Iban (Sea Dayaks) of Sarawak. The Iban believe that the spirit of some ancestor 
or dead relative may come to them in a dream, and this nyarong becomes the 
special protector of the individual. An Iban youth will often retire to some lonely 
spot or mountain-top and live for days on a very restricted diet in his anxiety to 
obtain a vision. This custom is called mampok. On the following day the 
dreamer searches for the outward and visible form of the nyarong, which may 
be anything from a curious natural object to some one animal. In such cases the 
nyarong hardly differs from a fetish. In other cases, as the man is unable to 
distinguish the particular animal which he believes to be animated by his nyarong, 
he extends his regard and gratitude to the whole species. In some instances all 
the members of a man’s family and all his immediate descendants, and if he be a 
chief all the members of the community over which he rules, may come to share 
the benefits conferred by the nyarong and pay respect to the species of animal in 
one individual of which it is supposed to reside. ‘In such cases,’ Drs. Hose and 


' Bull. Amer. Mus. Nat. Hist., xvii., pt. 2, 1902, p. 35. 
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McDougall remark,! ‘the species approaches very closely the clan totem in some 
of its varieties.’ Here we have a parallel to the North American custom, but the 
later stages are not carried as far. 

Personally I concur in the opinion expressed by Drs. Hose and McDougall 
that there is no proof that the peculiar regard paid in Sarawak to animals, the 
sacrifice of animals to gods or spirits, the ceremonial use of the blood of these 
sacrificed animals are survivals of a fully developed system of totem worship now 
fallen into decay. It is very significant that the magical and social aspects of 
totemism are entirely lacking. 

Those who have read Miss Alice Fletcher's sympathetic account of ‘The 
Import of the Totem’? can scarcely fail to recognise that the moral support due 
to a belief in the guidance and protection of a wahube (‘ personal totem’) is of 
great importance to the individual, and would nerve him in difficulty and danger, 
and thus proving a very present help in time of need, it would surely justify its 
existence in a most practical manner, and consequently be of real utility in the 
struggle for existence—a struggle which in man has a psychical as well as a 
material aspect. 

The advantages of totemism are many, but most of them are social and benefit 
the special groups or the community at large. The hold that the manitu has on 
the individual consists in its personal relation: the man feels that he himself is 
helped, and I suspect this is the main reason why it supplants totemism. IL 
believe Mr. Lang some years ago suggested the term manztuism for this cult. If 
this name be not accepted I venture to propose the revival of the word ‘daimon’ 
(Saizev) to include the manitu, nyarong, and similar spirit helpers, and ‘daimonism’ 
as the name of the cult. 


Theriomorphic Ancestor Worship. 


Dr. Frazer calls attention * to a publication by Dr. G. McCall Theal * in which 
he describes the tribal veneration for certain animals, soko. The Bantu believed 
that the spirits of the dead visited their friends and descendents in the form of 
animals. Lach tribe regarded some particular animal as the one selected by the 
ghost of its kindred, and therefore looked upon it as sacred. Dr. Frazer says: 
€Thus the totemism of the Bantu tribes of South Africa resolves itself into a 
particular species of the worship of the dead: the totem animals are revered as 
incarnations of the souls of dead ancestors. This entirely agrees with the general 
theory of totemism suggested by the late S. G. A. Wilken, and recently advo- 
cated by Professor E. B. Tylor.’® But is this totemism? The stboko are the re- 
sidences of the ancestral spirits of the tribe, not of a clan; there is no mention of 
siboko exogamy. Is this anything more than theriomorphic ancestor worship? 
‘There can, however, be little doubt that true totemism did occur, and probably 
universally so, among the Bantu people; but some of the tribes appear to be ina 
transitional state, and others have doubtless passed beyond typical totemism. The 
decay of the Bantu totemism in South Africa appears to have been mainly due to 
a patriarchal organisation combined with a pastoral life.° 

In describing Dr. Wilken’s theory that the doctrine of the transmigration of 
souls affords the link which connects totemism with ancestor worship, Professor 
Tylor concludes as follows: ‘ By thus finding in the world-wide doctrine of soul- 
transference an actual cause producing the two collateral lines of man and beast 
which constitute the necessary framework of totemism, we seem to reach at least 
something analogous to its real cause.’ I have already expressed my belief that 
the animal cults of the Malay Archipelago, so far as they are known at present, 


1 Journ. Anthrop. Inst., ¥XxXi. 1901, p. 210. 
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5 Journ. Anthrop. Inst., Xxviil. p. 146. 

6 B. Durkheim, L’Année Sociologique, v. 1902, p. 330; ef. also F. B. Jevons, Intro- 
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74.4, REPORT—1902. 


cannot be logically described as totemism, and the majority of the peoples of this 
area have so long passed out of savagery that we are hardly likely to find here an 
unequivocal clue to the actual origin of totemism. | 

The reverence paid to particular animals or plants by certain groups of people 
in Fiji may, as Mr. Lorimer Fison says,' ‘look like reminiscences’ of totemism, 
but he has ‘no direct evidence.’ It surely belongs to the same category as the 
Samoan custom of which Dr, George Brown writes: * ‘In Samoa every. principal 
family had some animal which they did not eat, and I have always reearded this as 
meaning, not that they thought the animal divine, or an object of worship, but 
that it was the “shrine” in which their ancestral god had dwelt, or which was 
associated with some fact in their past history which had led them to adopt it as 
their totem.’ An opinion which Professor Tylor has independently expressed, 
but he naturally dissents from the incarnate god being termed a ‘ totem.’ 

I agree with Dr. Codrington‘ in doubting whether the evidence warrants a 
belief in totemism as an existing institution in the Southern Solomon Islands. I 
suspect that totemisin has been destroyed over a considerable portion of Melanesia 
by the growth of secret societies as well as by theriomorphic ancestor worship. 
Herr R. Parkinson,> however, proves true totemism in the Northern Solomon 
Islands as the Rev. B. Danks had previously done ° for New Britain, Duke of York 
Island, and New Ireland. 

- The more one looks into the evidence the more difficult is it to find cases of 
typical totemism ; almost everywhere considerable modification has taken place, 
often so much so that the communities cannot logically be called totemistic. The 
magical increase of the totem by the clansmen does not appear to be common, but 
that may be due to its having been overlooked ; on the other hand, magic may be 
performed against the totems to prevent them from injuring the crops, as in the 
case of the ‘ Reptile people’ of the Omaha.’ : 


Animal Brethren. 


Throughout South-eastern Australia and probably elsewhere in that continent 
there is a peculiar association of a species of animal, usually a bird, with each sex. 
To take two examples given by Mr. A. W.. Howitt,° ‘the bird totems of the 
Kurnai are the Emu, Wren, and the Superb Warbler, which are respectively the 
‘man’s brother ” and ‘ woman’s sister.”, . . When we turn to the Kulin we find 
both the Kurnai totems in just the same position. In addition there are also a 
second male and female totem, namely, the Bat and the small Night-Jar.’ Mr. 
Howitt is careful to point out, ‘They are not true totems in the sense that these 
represent subdivisions of the primary classes; yet they are true totems in so far 
that they are regarded as being the “ brothers ” and “ sisters” of the human beings 
who bear their names.’ Mr. A. L. P. Cameron® also states that these are ‘ some- 
thing different from ordinary totems.’ Later Mr. Howitt!° says: ‘Among the 
Wotjobaluk tribe which have a true totemic system these were real totems 
although of a peculiar kind. They were called yaur, or “ flesh,” or ngirabiil, or 
mir, just as were the totems proper. The only difference was that the Bat was 
the brother of all the men, while any one totem was the brother only of the men 
who bore it as their totem. . . . Itis evident that the institution of the “man’s 
brother” and the “ woman’s sister” as totems is very widespread throughout 
Australia, I have traced it over an extent of about a thousand miles and in 
tribes having marked differences in language and in social organisation. It seems 
to be very persistent and enduring, for it remained among the Kurnai in full force 
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after the ordinary social organisation in class divisions and totems had become 
extinct.’ Mr. Howitt speaks of these as ‘abnormal totems,’ and Dr. Frazer ! 
calls them ‘sex totems.’ As it appears most desirable to distinguish between 
this cult, which is confined to Australia, and true totemism I propose, in default 
of a distinctive native term, to call these reverenced animals ‘ animal brethren.’ 
Although the natives do not appear to distinguish nominally between these 
animal brethren and ordinary totems, it does not follow they are to be considered 
as the same. I am calling attention to an analogous confusion of terms in the 
totemism of Torres Straits. 

I must now pass on to a further consideration of true totemism as understood 
by Tylor, Frazer, Lang, Hartland, Jevons, Durkheim, and others, as it is impossible 
within the limits of an Address to give an account of all the varieties of pseudo- 
totemism. 


A Suggestion concerning the Origin of Totemism. 


I take this opportunity to hazard a suggestion for a possible origin of one 
aspect of totemism. Primitive human groups, judging from analogy, could never 
have been large, and the individuals comprising each group must have been closely 
related. In favourable areas each group would have a tendency to occupy a 
restricted range owing to the disagreeable results which arose from encroaching 
on the territory over which another group wandered. Thus it would inevitably 
come about that a certain animal or plant, or group of animals or plants, would be 
more abundant in the territory of one group than in that of another. To take a 
clear example, the shore-folk and the river-folk would liye mainly on different 
food from each other and both would have other specialities than fell to the lot 
of the jungle-folk. The groups that lived on the seashore would doubtless have 
some natural vegetable products to supplement their animal diet, but the supply 
would probably be limited alike in quantity and variety. Even they would 
scarcely have unlimited range of a shore line, and there would be one group of 
shore-folk that had a speciality in crabs, another would have shell-beds, while a 
third would own sandy shores which were frequented by turtle. A similar natural 
grouping would occur among the jungle-folk: sago flourishes in swampy land, 
certain animals frequent grassy plains, others inhabit the dense scrub, bamboos 
grow in one locality, various kinds of fruit trees thrive best in different soils ; the 
coastal plains, the foot hills, the mountains, each has its characteristic flora 
and fauna. There is thus no difficulty in accounting for numerous small human 
groups each of which would be largely dependent upon a distinctive food supply 
the superfluity of which could be bartered * for the superfluities of other groups. 
These specialities were not confined to food alone; for example, the shore-folk 
would exchange the shells they collected for the feathers obtained from the 
jungle-folk. 

It may be objected that in the great prairies and steppes of America, Eurasia, 
and Australia the natural products are very uniform; but these areas are not 
thickly populated, and in most cases they probably were only inhabited when the 
pressure of population in the localities with more varied features forced migration 
into the open. Certainly these were never the primitive homes of man. 

In a recent paper read before the Folklore Society, Mr. Andrew Lang put 
forward the hypothesis that while each primitive human group called itself ‘the 
men’ they named the surrounding groups from the names of animals or plants, and 
hence arose totemism. The idea that there was an intimate connection between 
the group and the object from which they were nicknamed would soon be 
developed, and myths of origin would spring up to account for the name. Mr. 
Lang’s theory, still unpublished, regards totem names as given from without for a 
variety of reasons, amongst which, I understand, he includes my own suggestion. 


1 Totemism, p. 51; The Golden Bough, iii. p. 416. 

? It may be objected that the idea of barter is by no means primitive; but as I 
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no reason why it should not have occurred quite early in a rudimentary sort of way. 
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His conjecture is based on the similar names, or sobriquets, of villages in the 
folklore, or blason populaire, of France and England, which, again, is almost 
identical with the extant names of Red Indian totem kindred now counting 
descent in the male line. Similar phenomena occur in Melanesia with female kin. 
Mr. Lang is rather indifferent to the causes of the name-giving so long as the 
name-giving comes from without and applies to groups, not to individuals. 

To return to my suggestion. Among the shore-folk the group that lived mainly 
on crabs and occasionally traded in crabs might well be spoken of as‘ the crab-men’ 
by all the groups with whom they came in direct or indirect contact. The same 
would hold good for the group that dealt in clams or in turtle, and reciprocally 
there might be sago-men, bamboo-men, and so forth, It is obvious that men who 
persistently collected or hunted a particular group of animals would understand 
the habits of those animals better than other people, and a personal regard for 
these animals would naturally arise. Thus from the very beginning there would 
be a distinct relationship between a group of individuals and a group of animals 
or plants, a relationship that primitively was based, not on even the most 
elementary of psychic concepts, but on the most deeply seated and urgent of 
human claims, hunger. 

There is scarcely any need to point out that the association of human groups 
with fearsome animals would arise by analogy very early. Hence tiger-man and 
crocodile-man would restrain the ravages of those beasts (Dr. Frazer! describes 
this as the negative or remedial side of totemic magic); but I take it this was 
not as primitive as the nutritive alliances. The relation between groups of men 
and the elements has a purely economic basis ; for example, rain is rarely required 
for itself, but as a means for the increase of vegetable food; similarly the fisher- 
man wants a wind to enable him to get to and from his fishing grounds, 

The next phase is reached when man arrived at elementary metaphysical con- 
ceptions and endeavoured by sympathetic or symbolic magic to increase his food 
supply. Naturally the food or product that each group would endeayour to 
multiply would be the speciality or specialities of that group, and for this practice 
we now have demonstrative evidence. Though this may be an early phase of 
totemism I donot consider it the earliest: it can scarcely be the origin of totemism, 
but it doubtless helped to establish and organise the system. 

The essential difference between the view advocated by Dr. Frazer,? and that 
here suggested is, that according to him totemism ‘is primarily an organised and 
co-operative system of magic designed to secure for the members of the community, 
on the one hand, a plentiful supply of all the commodities of which they stand in 
need, and, on the other hand, immunity from all the perils and dangers to which 
man is exposed in his struggle with nature. Each totem group, on this theory, 
was charged with the superintendence and control of some department of nature 
from which it took its name, and with which it sought, as far as possible, to 
identify itself.’ Whereas I suggest that the association between a group of men 
and a species of animals or plants was the natural result of local causes, and that 
departments of nature were not ‘ assigned to a particular group’ of men. I think 
it is scarcely probable ‘ that in very ancient times communities of men should have 
organised themselves more or less deliberately for the purpose of attaining objects 
so natural by means that seemed to them so simple and easy.’ I suspect that if 
there was any deliberate organisation it was in order to regulate already existing 
practices. 

To us it might appear that these magical practices could be undertaken by 
anyone, but this does not seem to have been an early conception. As far as we 
can penetrate the mind of existing backward man there is a definite acknow- 
ledgment of the limit of his own powers. The members of one group can perform 
a certain number of actions; there are others that they cannot undertake. One 
group of men, for example, may ensure the abundance of a certain kind of 
animal, but another will have power over the rain. An interesting example of 
this limitation is afforded at Port Moresby, in British New Guinea, where the 
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Motu immigrants have to buy fine weather for their trading voyages from the 
sorcerers of the indigenous agricultural Koitapu.' 

The remarkable researches of Messrs. Spencer and Gillen in Central Australia 
prove that it is the function of the kinsmen of a particular totem to perform what 
are known as éntichiwma ceremonies, the object of which is to cause the abundance 
of the species of animal or plant which is the totem of that kin. The descriptions 
of these ceremonies are well known to students.” I have adduced further evidence 
of a like nature,’ and from what Mr. Roscoe has found in Uganda we may expect 
other examples from Africa. 

It may be that in some, possibly in all, of the instances of sympathetic and 
symbolic magic there is a belief that wind or sun, animal or plant, or whatever 
the objects may be, are animated by spirits akin to those of humankind ; but even so, 
as Dr. Frazer * points out, the action of the magician is a direct one: it does not 
imply the assistance of other powers who can control the body or spirit of those 
objects. The data from Australia and Torres Straits point to the conclusion that 
there is a magical aspect of totemism, which is of great economic importance, and 
there is no evidence that the officiators at these ceremonies acknowledge the 
assistance of spiritual powers resident either within the objects themselves or in 
the form of independent, more or less supreme beings. The existing data do not 
deny their existence, they simply ignore them in the ceremonies, and so far they 
are practically non-existent. 

According to the suggestion I have ventured to make, the primitive totemic 
groups ate their associated animals or plants; indeed these were their chief 
articles of diet. Messrs. Spencer and Gillen point out® that while amongst most 
Australian tribes a man may not eat his totem, amongst the Arunta and other 
tribes in the centre of the continent there is no restriction according to which a 
man is altogether forbidden to eat his totem. On the other hand, though he may, 
only under ordinary circumstances, eat very sparingly of it, there are certain special 
occasions on which he is obliged by custom to eat a small portion of it, or otherwise 
the supply would fail. The Arunta are a peculiar people, while they may be primi- 
tive in some respects ; in others they are not so, as also has been pointed out by 
Durkheim.* According to the strict definition of the term, they are not even a 
totemic people. Judging from the evidence of the legends of the Alcheringa time 
and the traces of group marriage and mother right, Mr. Hartland? is of opinion 
that the present disregard by the Arunta of the totem in marriage is a stage in the 
sloughing of totemism altogether, whereas the engwura, or final initiation cere- 
monies, indicate that ‘the organisation is undergoing a slow transformation into 
ed more like the so-called secret societies of the British Columbian 
tribes. 

The eating of what are evidently the totem animals by the Arunta may possibly 
be a persistence from an earlier phase, but, without doubt, the totem taboo is 
characteristic of totemism in full sway.’ We have evidence to show that under 
certain conditions the totem taboo may break down, but this is a later transfor- 
mation, and indicates a breaking up of the rigid observance of totemism. 

Mr. Lang’ has made a simple suggestion to account for the origin of the 
totem taboo. He says: ‘These men therefore would work the magic for propa- 
gating their kindred in the animal and vegetable world. But the existence of 
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this connection would also suggest that, in common propriety, a man should not 
kill and eat his animal or vegetable relations. In most parts of the world he 
abstains from this uncousinly behaviour ; among the Arunta he may eat sparingly 
of his totem, and must do so at the end of the close-time or beginning of the 
season. He thus, as a near relation of the actual kangaroo or grubs, declares the 
season is open, now his neighbours may begin to eat grubs or kangaroos; the 
taboo is off.’ Dr. Frazer puts forth two suggestions: ! the one is that as avimals 
do not eat their own kind, so man thought it inconsistent to eat his totem kin; 
the other is a hypothetical idea of conciliation. 

I have barely touched upon the reiation of social organisation, with its marriage 
taboo, to totemism. It is by no means certain that the social regulations and 
‘customs, which are so much in evidence in a fully developed totemic society, were 
primitively connected with totemism. So far as the Arunta are concerned, Messrs. 
Spencer and Gillen believe * the ‘totemism appears to be a primary, and exogamy 
a secondary, feature . . . and that exogamic groups were deliberately introduced 
£0 as to regulate marital relations.’ But is this primitive ? 

Tf one admits that mankind was originally distributed in small groups, which 
must have consisted of near kin, it does not seem difficult to imagine that mar- 
riage would more likely take place between members of contiguous groups rather 
than within the groups themselves. The attraction for novelty must always have 
operated, and in the struggle for existence there was always one advantage to be 
gained by alliances between neighbouring groups, not only from a commissariat 
point of view, but for offensive and defensive purposes. There is, of course, the 
converse of this, as wife-stealing would lead to feuds; perhaps daughter-abduction 
was more frequent, and this probably was not regarded as an offence so serious 
that a mild scrimmage would not set matters right. It would not take long for 
wont to crystallise into rigid custom, and custom is always supported by public 
opinion. 

Social regulations must be later than social conditions, and I suspect that the 
privileges and taboos which run through the social aspect of totemism first arose 
when totemic greups were in process of aggregation into more complex com- 
munities, and afterwards gradually became fixed into a system. 


Hero-cults. 


The facts to which I have hitherto directed your attention fall well within 
the sphere of totemism, but I wish now to indicate two interesting departures 
from typical totemism, both of which occur among the Western tribe of 
Torres Straits. 

I have alluded to the dual grouping of the totem kins at Mabuiag, and an ana- 
logous arrangemert occurred in the other islands; I propose to speak of each group 
of kins as a phratry. Strictly speaking, a phratry is a group of exogamous kins 
within a community ; that is, no member of a group of kins (or phratry) could 
marry another person belonging to the same phratry. The evidence that this is or 
was the case in the Western tribe of Torres Straits is strong, but it is not abso- 
lutely proven. 

In Yam, as in the other islands, there is at least one iwod, or taboo ground, 
where sacred ceremonies were held. In the principal %wod in Yam there was 
formerly a low fence surrounding a space about thirty-five feet square in which 
were the shrines of the two great totems of the island. All that now remains is 
several heaps of great Fusus shells. 

Two of the heaps are about twenty-five feet in length. Formerly at the 
southerly end of each long row of shells was a large turtle-shell (tortoise-shell) 
mask representing respectively a crocodile and a hammei-headed shark, These 
were decorated in various ways, and under each was a stone in which the life of 
the totem resided ; stretching from the front end of each mask was a cord to 
which numerous human lower jaw-bones were fastened, and its other end was 
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attached to a human skull, which rested on a stone. Beside the shrine of the 
hammer-headed shark was a small heap of shells which was the shrine of.a sea- 
snake, which was supposed to have originated from the shark. These shrines 
were formerly covered over by long low huts, which like the fence were decorated 
with large Fusus shells. 

Outside the fence were two heaps of shells which had a mystical connection 
with the shrine: they were called the ‘ navels of the totems.’ 

I have referred to the intichiwma ceremonies of the Arunta tribe of Centrak 
Australia as being magical rites undertaken by certain kinsmen for the multiplica- 
tion of the totems. In some cases, apparently, the ceremonies may take -place 
wherever the men happen to be camping; in other cases there are detinite locali- 
ties where they must be performed, as there are in these places certain stones, 
rocks, or trees which are intimately connected with the magical rites. These 
spots may be spoken of as shrines. In the island of Mabuiag the magical cere- 
mony for the alluring of the dugong was performed by the men of that kin in 
their own kwod, which was a fixed spot; and doubtless this was the case in the 
other islands of Torres Straits, for even in the small islands there was a tendency 
to a territorial grouping of the kins, This localisation of a totem cult has 
proceeded one step further in Yam Island. Here we have a dual synthesis. The 
chief totem of each group of kins is practically alone recognised; in other words, 
the various lesser totems are being absorbed by two more important totems. 
Each totem has a distinct shrine, and the totem itself, instead of being a whole 
species, is visualised in the form of a representation of an individual animal, and 
this image was spoken of as the totem (augud). Indeed, the tendency to con- 
cretism had gone so far that the life of the augud was supposed to reside in the 
stone that lay beneath the image,’ and certain heaps of shells were the navels of 
the totems, a further linkage of the totem to that spot of ground. 

A suggestion as to the significance of this transformation is not lacking. There 
are various folk-tales concerning a family of brothers who wandered from west to 
east across Torres Straits. Some of them were, in a mysterious way, sharks as 
well as men. The two brothers who went to Yam were called Sigai and Maiau, 
and each became associated, in his animal form, with one of the two phratries. 
The shrines in the Awod were so sacred that no women might visit them, nor did 
the women know what the totems were like. They were aware of Sigai and 
Maiau, but they did not know that the former was the hammer-headed shark and 
the latter was the crocodile; this mystery was too sacred to be imparted to the 
uninitiated. When the totems were addressed it was always by their hero names, 
and not by their animal or totem names. 

Malu, another of these brothers, introduced the cult that bears his name to the 
Murray Islanders, who form part of the Eastern tribe. He also was identified 
with a hammer-headed shark. Totemism, as such, had practically disappeared 
from Murray Island before the advent of the white man, and the great ceremonies 
at the initiation of the lads into the Malu fraternity were a main feature of the 
religion of these people. 

In Yam totemism was merging into a hero cult; in Murray Island the trans- 
formation was accomplished ; the one had replaced the other. 

In Mabuiag, one of the Western Islands, there was a local hero named Kwoiam 
whose deeds are narrated ina prose epic. Kwoiam made two crescentic ornaments 
of turtle-shell, which blazed with light when he wore them at nighttime, and 
which he nourished with the savour of cooked fish. These ornaments were called 
totems (augud)—presumably because the natives did not know by what other 
sacred name to call them—and they became the insignia of the two groups of kins 
of Mabuiag. The crescent which was worn above Kwoiam’s mouth was regarded 
as the more important, and those kins which had land animals for their totems 


? For the keeping of a soul in an external receptacle, and for Dr. Frazer’s views 
on its bearing on totemism, cf. /urtnightly Review, Mav 1899, p. 844; The Golden 
Bough, iii. 1900, pp. 418-422 ; and 8. A. Cook, Jewish Quart. Revien, 1902, p. 34 of 
reprint, 
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were called from it ‘the children of the great totem,’ but the water group were 
called ‘the children of the little totem.’ There is reason to believe that the dual 
grouping of the kins is ancient. The erecting Kwoiam’s emblems as the head 
totems of the two groups of kins must be comparatively recent. Here again the 
primitive association of a group of men with a group of natural objects obtains in 
the small groups or totem-kins, but in the larger synthesis a manufactured object 
replaces a group of animals, and this object possesses definite magical powers. 
There were two navel-shrines connected with the cult of Kwoiam, which were 
constructed to show that the two awgud were born there. When it was deemed 
necessary to fortify the augud—that is, the emblems—they were placed on their 
respective navel-shrines. Further, in Muralug and the adjacent islands Kwoiam 
himself was a totem (awgud). Thus in the westernmost islands of the Western tribe 
the transition from totemism to hero-worship was in process of evolution till it 
was arrested by the coming of the white man. 

To what was this transformation due? It is not very easy to answer this 
question. We have evidence that in comparatively recent times a change took 
place in the social organisation of the people, and that the former matriarchal 
conditions had been replaced by patriarchal. Although superficially the marriage 
system of the Western tribe appears to be regulated by totemism, Dr. Rivers 
has found! that it is really a relationship system, and that descent, rather than 
totemism, is the regulating factor. The Eastern tribe, as represented by the 
Murray Islanders, had progressed further along this road than had the Western 
tribe. Such a change as this could not fail to have a disturbing effect upon other 
old customs. 

The folk-tales that I collected clearly indicate a migration of culture from 
New Guinea to the Western tribe, and from the Western tribe to the Eastern 
tribe. I believe I can demonstrate the migration from New Guinea of a some- 
what broad-headed people that spread over the Western Islands but barely 
reached Murray Island. It is conceivable that the culture myths have reference 
to this migration, and that the gradual substitution of a hero cult for totemism 
may be part of the same movement; but, on the other hand, this social and 
religious change is most thorough in Murray Island, where, I imagine, the 
racial movement has been least felt. The isolation of Murray Island from out- 
side disturbing factors is very complete, and, as it is but a small island, a change 
once started might take place both rapidly and effectively. 

It is interesting to note that the totem heroes of the Western tribe were 
invoked when their votaries were preparing to go to war. I obtained the 
following prayer in Yam Island:—‘O Augud Sigai and O Augud Maiau, both 
of you close the eyes of those men so that they cannot see us,’ which had for 
its intent the slaughtering of the enemy without their being able to make a 
defence. I was informed that when the Yam warriors were fighting they would 
also call on the name of Kwoiam, who belonged to another group of islands, and 
on Yadzebub, a local warrior. Yadzebub was always described as ‘a man,’ 
whereas Kwoiam and Sigai were relegated to a ‘long time’ back. From the folk- 
tales it is evident that Sigai and Maiau are more mythical or mysterious than 
Kwoiam. We thus have an instructive series: Yadzebub, the local famous man; 
Kwoiam, the hero, who was also a totem to other people; and Sigai and Maiau, 
the local totem heroes whose cult was visualised in turtle-shell images, and the 
life of each of whom resided in a particular stone. Perhaps it would be more 
correct to speak of this as the grafting of a new cult on totemism rather than 
to describe it as an evolution of totemism, A transformation has certainly 
occurred, but it does not appear to me to be a gradual growth—a metamorphosis 
in the natural history sense of the term—so much as the pouring of new wine into 
old bottles. 

I hope on another occasion to deal with the question of religious and secret 
societies, as the growth of these has invariably disintegrated whatever antecedent 
totemism there may have been. 


1 Reports Camb. Anthrop. Expedition to Torres Straits, v.‘ Kinship’ (in the press). 
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It is highly probable that something like what was taking place in Torres 
Straits has occurred elsewhere, but I cannot now enter into a comparative study 
of the rise of hero cults, 


Local or Village Exogamy. 


I have more than once! called attention to the fact that among some Papuans 
marriage restrictions are territorial and not totemic. Dr. Rivers * has shown that 
in Murray Island, Eastern tribe of Torres Scraits, marriages are regulated by the 
places to which natives belong. A man cannot marry a woman of his own 
village or of certain other villages. The totemic system which probably at one 
time existed in this island appears to have been replaced by what may be called 
a territorial system. A similar custom occurs in the Mekeo district of British 
New Guinea, and it is probably still more widely distributed. 

I was informed by a member of the Yaraikanna tribe of Cape York, North 
Queensland, that children must take the ‘land’ or ‘ country’ of their mother ; all 
who belong to the same place are brothers and sisters, a wife must be taken from 
another ‘country’;° thus it appears their marriage restrictions are territorial 
and not totemic. The same is found amongst the Kurnai and the Coast Murring 
tribe in New South Wales.* 

_At Kiwai, in the delta of the Fly River, B.N.G., all the members of a totemic 
group live together ina long house which is confined to that group. I have 
also collected evidence which proves there was a territorial grouping of totemic 
clans among the Western tribe of Torres Straits.” 

Within a comparatively small area we have the following conditions :— 


(1) A typical totemic community with totem-kin houses (Kiwai). 

(2) A typical totemic community with territorial grouping of the kins. 
Although there is totem exogamy, the marriage restrictions are regulated by 
relationship. The former mother-right has comparatively recently been replaced by 
father-right, but there are many survivals from matriarchy (Western tribe, 
Torres Straits). 
~ (8) A community in which totemism has practically lapsed, with village 
exogamy and marriage restrictions regulated by relationship, patriarchy with 
survivals from matriarchy (Eastern tribe, Torres Straits). 

(4) Total absence of totemism (?), village exogamy (Mekeo). 


I do not assert this is a natural sequence, but it looks like one, and it appears 
to indicate another of the ways out of totemism, It is suggestive that this order 
also indicates the application of the several peoples to agriculture: the people 
of Kiwai are semi-nomadic, those of the Mekeo district are firmly attached to 
the land. This constraint of the soil must have operated in a similar manner 
elsewhere.® The territorial exovamy occasionally found in Australia cannot be 
explained as being due to agriculture; a rigid limitation of hunting grounds may 
here have had a similar effect. 


In offering these remarks to-day I desire, above all, to impress on you the 
need there is for more work in the field. When one surveys the fairly extensive 
literature of totemism one is struck with the very general insufficiency of the 
evidence ; as a matter of fact, full and precise information is lamentably lacking. 
The foundations upon which students at home have to build their superstructures 
of generalisation and theory are usually of too slight a character to support these 


1 Folk-lore, xii. 1901, p. 233; Head-hunters, Black, White, and Brown, 190i, 
p. 258. 
2 Journ. Anthrop. Inst., xxx. 1900, p. 78. 
Brit. Assoc. Report, Dover, 1899, p. 585. 
Frazer, Totemism, p. 90. 
Reports Camb. Anthrop. Expedition to Torres Straits, v. (in the press). 
Cf. L’Année Sociologique, v. 1902, pp. 330, 333. 
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erections with much chance of their permanence. There is only one remedy for 
this, and that is more extensive and more thorough field work. The problems 
connected with totemism bear upon many of the most important phases in the 
social and religious evolution of man, the solution of which can only be obtained 
within the space of a few years. The delay of each year in the investigation of 
primitive peoples means that so much less information is possible to be obtained. 
There is no exaggeration in this. Those who have a practical experience of 
backward man and who have travelled in out-of-the-way places can testify as to 
the surprising rapidity with which the old order changeth. In sober earnestness 
I appeal to all those who are interested in the history and character of man, 
whether they be theologians, historians, sociologists, psychologists, or anthropo- 
logists, to face the plain fact that the only available data for the solution of 
many problems of the highest interest are daily slipping away beyond recovery. 


The following Papers were read :— 


1. The Initiation Ceremonies of the Natives of the Papuan Gulf. 
By Rev. J. H. Hormes. 


If his friends can afford it, a boy is isolated in the eravo at the commencement 
of puberty, and he is not released until his hair has grown to its fulllength. Anold 
man looks after the boys and instructs them, There are several taboos: seeing or 
speaking to women ; certain food; utensils. The boy is taught to be brave, and all 
social customs attending birth, courtship, marriage, and death, as well as religious 
duties. During the seclusion the boy’s body must not be exposed to the sun, so 
that they may have strong bodies and grow into big men. The bull-roarer, tiparu, 
is shown and explained. Masks playa great part in the more important ceremonies, 


2. The Religious Ideas, Totems, Spirits, and Gods of Elema. 
By Rev. J. H. Hotes, 


From certain customs and taboos it is evident the natives of the Papuan Gulf 
were totemic peoples, but they appear to have partially passed beyond this phase. 

There are four classes of spirits: (1) Of those who have died a natural death ; 
(2) of those who have died in a fight; (3) of those who have been murdered ; 
(3) of those killed by crocodiles. 

Several tribes of the Papuan Gulf believe in gods. For example, Kivavea is the 
deified ancestor of the Vailala tribe; this is the Kivovia of the Toaripi, who made 
sago, betel-nuts, &c. Other gods of the Toaripi are Harisu, the chief god, who 
presides over hosts of deities; occasionally a man is recognised as his messenger 
(Harohoha) to men. Karisu is the evil god, who presides over the host of the 
sub-deities of evil. Ualare is the god who made the sun, moon, and stars, the sea 
and ull that is therein, and the land and what lives on the land, with the exception 
of certain kinds of food. Ivaoye Maialaove is the god of death. Saukroo is a tree- 
god who kills men. Hiovaki is the god of war who terrifies the enemy, and only 
those who fall in battle go to him. The banana has two gods, the sweet potato 
has one: the taro has another. Every family of living things, from man down- 
wards, has its special god or guardian angel, for whom there is a feeling of 


respect. 


3. Human Souls and Ghosts among the Malays of Patani. 
By NEwson ANNANDALE. 


After summarising the sources of information the paper describes the Malay 
beliefs as to the various non-material elements and their functions in man, the 
ghosts of murdered men, and the other ghosts that arise from men in an ill-defined 
manner. It discusses the question of kramat and inspired magic‘ans; the 
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ghosts of such inspired magicians ; the giving in marriage of the son of such a ghost 
and the marriage procession—a cyclone ; the evolution of a local god from such a 
ghost ; and concludes with an account of the cult of ’Toh Ni. 


4. Cornelius Magrath, the lrish Giant. 
By Professor D. J. Cunnineuam, M.D., F.R.S. 


5. On a Skull modified by Acromegaly. By Professor A. F. Dixon, UB. 


6. Exhibition of Specimens illustrating Physical Anthropology. 
By Professor J. Symineton, JLD., F.R.S.E. 


T. On some Ulster Souterrains. By Witu1am J. FENNELL. 


The north-east corner of Ireland is peculiarly rich in evidences of prehistoric 
man. Though no houses of any kind are known to exist which are attributable 
to the Stone Age, there is another class of built structure—the sowterain—which 
may be claimed as the primeval architecture of the country, for these souterrains 
exist in great numbers, and fresh ones are constantly coming to light. 

A souterrain may be defined as a subterranean place of refuge—and in that 
sense only, a dwelling. The entrance to souterrains is either naturally difficult of 
approach or cunningly hid, and its interior is generally long, low, narrow, and 
winding, and beset with frequent barriers, locally known as ‘difficulties,’ through 
which only one person could pass at a time, and then only by creeping. If these 
were the abodes of peace this succession of barriers would have no meaning, 
although one at the entrance might be useful. 

That they were not burial-places is evident, as no relics of early cremation or 
remains of human bones, or, in fact, of any kind, have been found in them. One 
recently discovered at Stranocum, near Ballymoney, contained only a small frag- 
ment of a cow bone. ‘This latter sowterrain is constructed inside a rath, and has a 
communication running under the ramparts to the outer escarpment—either as an 
exit or asa vent. The built burying-places or sepulchral-chambers for cremated 
remains, such as those at Douth and New Grange, are far in advance of the 
souterrain from a building point of view, and also bear indications of a love of 
decoration on strong, if undecided lines, which point to a more recent and 
advancing people. 

The souterrains are not burrows, but vaulted chambers connected by passages, 
well defended, and built of dry masonry walls and roofs, and afterwards covered 
up by earth and eventually hidden by vegetation. The exterior covering is always 
very thin, so that in many cases they are close to the surface. The construction 
is invariably of rough unhewn stones from the neighbourhood—chiefly of smooth 
ice-worn boulders, which are found in such profusion in these districts; but in 
some cases the stones are large and placed in upright positions, and the roof is 
invariably formed by the overlapping of one stone on another, a system followed 
into much more recent times. 

The barriers are formed of walls rising from the floor almost to the roof, then a 
space of 12 or more inches to the next wall, which descends from the ceiling 
to within 15 inches of the floor, and leads in some cases to a long low tunnel 
16 or 18 inches high, with a similar barrier at the other end. 

No two souterrains are alike in plan; some are straight, or almost so, with 
chambers branching off; some like the letter F or W, and some slightly circular— 
like that of Artole near Ardglass. Some are extremely short, while others are 
considerably over 100 feet long. 
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The souterrain at Muckamore is a solitary example of a two-storey building 
entered from the field-level to the upper floor and from that to the lower one. 

It is impossible to assign a date to these rough rude structures, but the 
diminutive one at Connor, County Antrim, has two Ogham stones inserted, 
so that at least some of them must have been erected much later by a race who 
used an alphabet. It shows a distinct advance in building construction in the use 
of a series of lintel stones—including the Ogham ones—to support the roof, but 
even in this case it seems to have been simply a place of refuge. 


8. On some Ancient Subterranean Chambers recently discovered at Waddon, 
near Croydon. By GEORGE CuIncH, F.G.S. 


Excavations for a sewer at Waddon House, near Croydon, in June 1902, 
revealed three subterranean chambers cut in a bed of Thanet sand, and partly 
occupied by sand which had fallen or been washed into them. In each chamber, 
however, a compact floor was found at about 15 feet below ground. The 
chambers were of beehive shape, about 7 feet high and 12 feet or less in diameter. 
Each had its independent entrance opening on the south-south-east side, but no 
other means of access till the domed roofs were cut open by the sewer trench. 

Below the sand which covered the floors of the chambers several cores and 
chips of green-coated flints were found, with small fragments of imperfectly baked 
pottery, and larger fragments of Romano-British pottery. These green-coated 
flints occur at the base of the Thanet beds, whereas the chambers were excavated 
10 to 15 feet above the base; the flints must therefore have been procured lower 
down, near Waddon Station (where there is an outcrop of the bed in which they 
occur), and brought up the hill to the chambers. This could not have been done 
by rain wash or similar agencies. 

The small dimensions and the form and plan of the Waddon chambers, the 
absence of a perpendicular shaft, and their occurrence in sand, differentiate them 
entirely from the so-called ‘ dene-holes’; nor have they any feature in common with 
the ‘flint-mines’ of Grime’s Graves and Cissbury, nor with the beehive-shaped 
cavities found in the Isle of Purbeck in 1883.1 

On the continent of Europe the most similar chambers are those at Palmella 
in Portugal, which M. Cartailhac ascribes to sepulchral purposes in the latter end 
of the Polished Stone Age.? In particular, the flat floors and hemispherical vault- 
like sides and roofs are common to both; and the thickening of the walls near 
the doorway—a provision, as M. Cartailhac notes at Palmella, against the special 
wear and rubbing to which these parts are subject—recurs in two at least of the 
Waddon chambers. Similar chambers have been noted in Brittany and else- 
where, The subterranean ‘beehive tombs’ at Mycenz, also, are identical in plan, 
though different in dimensions and material. 

Bones of Bos taurus (? longifrons), horse, dog, or wolf, &c., were found in the 
loose sand in the Waddon chambers, but no human bones; nevertheless, the 
evidence seems to show that the chambers were primarily sepulchral. Subsequent 
disturbance, however, is indicated by the later objects found in the loose sand, 
and by certain rude scratches—possibly medizeval—on the curved roof, variously 
interpreted by different observers as a bird, an animal, or a boat. 

South-east and east of Waddon there are many hut circles which have been 
attributed to the Neolithic Age. They are circular in form, with marks of 
entrances on the east and south-east side, and exhibit general resemblance in 
dimensions and plan with the Waddon chambers. On the steep side of Croham 
Hurst (about three miles south-east of Waddon) traces of similar dwellings are 
recorded, and may very likely have influenced the design of the sepulchral 
chambers, as so often happens. 

The Waddon discovery is therefore of some importance as evidence for the 


1 Proc. Geol. Assoc., viii. 7 (July 1884) pp. 404-410. 
2 Matériaux, 3 Ser. II. (1885) pp. 1-18; reprinted in Cartailhac’s Les Ages pré- 
historiques de V Espagne et du Portugal. 
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size, shape, plan, &c., of prehistoric dwellings; the vaulted roofs cut in hard sand 
reproducing, in general form, the interlaced boughs, benders, and wicker-work 
of the ordinary surface hut, and the lateral passage the doorway of the neolithic 
dwelling. 

Dhesains idea of interment within a house survived during the Bronze Age ; 
but when cremation came into yogue, a miniature copy of the Bronze Age house— 
the ‘ hut-urn ’—was sufficient repository for the ashes. 

The tradition of the circular neolithic hut was carried on in the Celtic beehive 
dwellings of Cornwall, Wales, Scotland, Ireland, and Gaul, and probably in the 
circular buildings of subsequent English architecture. The Bronze Age dwellings, 
on the other hand, which are reproduced in the ‘ hut-urns,’ may be regarded as 
the prototypes of the square or angular forms of ecclesiastical and domestic 
architecture. 


9. Underground Dwellings in the British Isles. 
By Davip MacRircuir, F.S.A.Scot. 


The primitive underground habitations described in the paper are typical of 
a class of structure apparently existing at one time throughout the British Isles, 
though the greater part of the specimens now remaining are found in Ireland and 
Scotland. It is hardly possible to conceive of human dwellings more archaic in 
character, and yet some of them, if not all, belong to times that are quite historic. 
Two specimens, one at Crichton in Mid-Lothian, and the other at Newstead in 
Roxburghshire, must have been built after the arrival of the Romans in Britain— 
and probably a long time after that date—for the reason that a number of dressed 
stones with Roman ornamentation have been used in their construction, presum- 
ably taken from Roman ruins. 

That these underground structures were used as. places of human abode is 
obvious, because they contain domestic utensils, such as hand-mills and personal 
ornaments, as well as the broken bones of animals used by man as food. In a few 
instances they have a fireplace, but this is very exceptional. Like the similar 
dwellings of the Eskimos, these underground habitations are so well protected 
from the cold cf even the keenest winter that a fire is not necessary, and oil lamps 
suffice for heating, lighting, and cooking. From their characteristics, therefore, 
these underground structures quite justify the name of ‘earth-house,’ which is 
given to them in the Norse sagas and also in living popular speech. 

In appearance they vary considerably, but most of them have their roofs about 
a foot or two below the surface of the ground, entrance being obtained from above 
by one or more downward-slanting passages. They are built of rough, undressed, 
unmortared stones, the walls gradually converging until they meet in a ‘ Cyclo- 
pean’ or ‘false’ arch, completed by large flagstones laid across. In some cases 
their very small dimensions support the traditional belief that they were built for 
a dwarfish race. 


FRIDAY, SEPTEMBER 12. 
The following Papers and Report were read :— 


1. The Oldest Bronze-age Ceramic Type in Britain: its Close Analogies 
on the Rhine ; its Probable Origin in Central Europe. By the Hon. 
JoHN ABERCROMBY. 


The oldest Bronze-age type of pottery in Britain is the ‘drinking-cup,’ for which 
it is proposed to substitute the shorter term ‘ beaker.’ Thurman recognised three 
types, designated a, 8, y. Twenty examples of a, sixteen of 8, and seventeen of y, 
are illustrated. Type a seems to be the oldest and y to be derived from it ; 8 has 
a different secondary origin from a. Twenty-five interments are described in 


1 Will be published in extenso in the Journal of the Anthropological Institute. 
3c2 
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which the beaker was accompanied by ancient objects; three with large flint 
daggers, three with buttons with the \-shaped perforation below, and five with 
stone wrist-guards, all of which objects belong to the later neolithic period on the 
Continent. None of the objects found with the remaining fourteen interments are 
of later date than the thin, flat, broad knife-dagger. As no other ceramic type in 
Britain can show such a pedigree, it is clear that the beaker is the oldest, though 
before it died out several other types of fictilia came into use. The beakers found 
with food-vessels and burnt interments are shown by their form and ornament to 
belong to a rather late period. As ornamentation is a very important subject, 
fifty-nine examples taken from the three types are exhibited and contrasted. Some 
later developments are pointed out. The ornament, like the form, points to a 
different secondary origin for a and 8. 

The localities where beakers have been found in Great Britain and Ireland are 
shown on a map. Though # is the least represented numerically, it has the 
widest diffusion. It extends from the coast of Sussex to Sutherland—perhaps to 
the Shetlands—and is the only type at present known in Ireland. 

Ten photographic examples of type 8 from the Rhine, between Coblenz and 
Mainz, are compared with ten British. The ornament of the Rhenish examples is 
shown on a slide and compared. Some of the ornament on the Rhenish beakers 
is borrowed from a different type, known as the ‘bell-shaped beaker.’ This par- 
ticular system of ornamentation is not found west of the Rhine Valley, south of 
the Danube, east of about the longitude of Vienna, or north of the latitude of 
Berlin. 

The origin of type a can only be suggested, not demonstrated. Its form seems 
derived from the much earlier Schnur-becher and its later off-shoots, a few 
examples of which will be exhibited on a slide. But the practice of distributing 
the ornament in zones or bands is probably owing to the influence of the ‘bell- 
beaker,’ one example of which is shown. This is an extension of Dr. Gétze’s 
theory. Type @ is derived from a type much more influenced by the ‘ bell-beaker,’ 
though some examples of it are perhaps merely later modifications of the ‘ bell- 
beaker.’ In type a the influence of the ‘ bell-beaker’ is much less direct, so that, 
supposing both a and 8 are off-shoots of the ‘cord-beaker,’ they have different 
secondary origins, but go back to a common form at a point in time many centuries 
earlier. But the possibility is not excluded that the origin of B is to be referred 
entirely to the ‘ bell-beaker,’ in which case a and @ have an independent origin. 

The areas in Central Europe where the ‘ cord-beaker’ and its off-shoots, as well 
as the ‘ bell-beaker,’ are found, are Northern Bohemia and the region of the Saale, 
a western tributary of the Elbe. As a fully developed type occurs on the Rhine, 
both at the centre of its course and near its mouth. From the Rhine it passed 
over to Britain. 


2. On Objects of the Plateau Kind from the Interglacial Gravels of Ireland. 
By W. J. KNOwueEs. 


A few years ago I obtained from Mr. Benjamin Harrison a selection of plateau 
implements from the South of England. I found that the forms and style of 
workmanship were not new to me, as I had met with somewhat similar objects in 
Treland. These mostly belonged to the class which I had often described as the 
older series of Irish flint implements. ‘The Irish objects, like the English plateau 
implements, showed in most cases a dark-brown patina and ‘the fashion of 
chipping the flint perpendicularly through the thickness.’ Lately I have obtained 
from gravels of interglacial age in Galgorm Parks, Co. Antrim, flints showing 
the same warm brown patina and the ‘perpendicular chipping through the 
thickness,’ Among the Irish specimens is one fairly large object, 5$ inches 
long, which is not unlike a paleolithic implement in outline, but the only 
dressing it shows is of the perpendicular kind round the sides. It fits the hand, 
and would be a useful implement for striking, if stunning, not cutting, were the 
object in view. It resembles some of the English plateau examples in shape, 
but is much larger, The Irish specimens are as yet few, as I do not know of any- 
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one except myself who has collected them; but if attention were drawn to them I 
believe the number of them could be greatly increased. The definition given 
above is from a very instructive and temperate paper by Mr. R. D. Darbi- 
shire, F.S.A., to the Manchester Literary and Philosophical Society, He 
believes in the artificial character of the implements. There are two questions 
which it appears to me should be solved in regard to these implements: (1) What 
useful object could the perpendicular chipping serve to man? and (2) If not 
artificial, what force in Nature can dress so many objects alike with chipping that 
has all the appearance of being artificial in character ? 


3. On Stone Axe Factories near Cushendall, Co. Antrim. 
By W. J. KNow es. 


There are several centres where stone axes have been manufactured in the 
neighbourhood of Cushendall, but they are most numerous in Glen-Ballyemon. 
One well-marked site, in a field belonging to Mr. Richard McCurry in the town- 
land of Tamnaharry or Tavnaghharry, was observed about three years ago on the 
natural pasture being broken up. Many axes in the rudely chipped state were 
found in it—some whole, others broken, probably in the course of manufacture. 
Mixed up with these were pick-like objects, scrapers, and numerous rounded balls 
(evidently hammer-stones) of the same kind of stone as that from which the axes 
were made; flakes, too, were in great abundance. Many of the flakes showed 
dressing or marks of use along the edges. The field containing these objects has 
an elevated position, and commands a fine view. There was probably an encamp- 
ment at this place, though I could observe no signs of kitchen-middens or 
remains of food, such as split bones. On walking away from this centre flakes 
and other signs of manufacture grew less frequent, and eventually ceased. 

Another site was found on the farm of Mr. James Quinn in Clougheen. The 
signs of industry appeared thickest around a damp spot (probably an ancient 
well) in a field near his house.1 

Other sites are found on Mrs. Darragh’s farm in Cloughs, near the top of 
the ridge separating Glenann from Ballyemon, in Muroo and Knockans, 
Other centres of manufacture are found around Tievebulliagh, a prominent peak 
1,346 feet high ; and several sites containing many objects of the kind enumerated, 
with large quantities of flakes, were found near the top of Tievebulliagh itself. 
These when discovered were in a perfectly undisturbed condition. Implements 
and flakes similar in kind to those described have been found in Glenariff, 
Glenann, and Glendun, indicating sites of manufacture. , 

The rock from which most of the axes are formed is not, I think, native to the 
district. It is of a close-grained, bluish kind, and appears to be metamorphic. It 
occurs in the valley in the form of boulders showing glacial strie, and weighing from 
about two pounds up to several hundredweight. Many of the larger boulders, some 
of which are firmly embedded in boulder clay, have been hammered and flaked, in 
order no doubt to procure large flakes or spalls for axes. Oversix hundred whole 
axes and about as many broken specimens have been obtained from the various 
sites. The flakes, which are all of the kind produced in the manufacture of 
implements, are in thousands. Sometimes at a short distance they appear like 
pieces of roofing slate that have been broker and scattered over the field. 

While some of the axes are finely finished, others are very rude. All stages 
in the manufacture can be easily traced. We see the boulder with a few chips 
remoyed, also specimens showing more and more chipping, till we reach the 
completed axe. Some of the ruder kinds are crooked, unsymmetrical, and some- 
times so blunt at the part intended for the cutting edge that one would be 
inclined to regard all these as failures; but, judging from some rude specimens 
that have been partly ground and polished, I have come to the conclusion that a 
piece of good rock was not rejected on account of its not working true. When a 


} There is a bullaun stone on the ditch opposite this place. 
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lump could not be removed by the hammer-stone, or a thick edge could not be 
made finer, it appears to me that the specimens showing such defects were not 
regarded as failures, but that all was set right by patient grinding. 

The axes are of various sizes. One fine specimen is 14% inches long and 
weighs 82 lb.; some weigh 5 lb., others 4 to3 lb. The average specimen would 
weigh about 1 lb., and some small chisel-like objects only 1 oz. or 2 oz. 

Looking over a collection of polished stone axes, I find various types, some of 
which might be considered of a newer pattern than others, either introduced or 
developed from an older type; but we find here most types among the rudely 
made specimens—edges showing various forms of curve, expanding edges, 
squared sides, swages, and even kitchen-midden types—all made in these forms 
at the first, and apparently contemporaneous. 


4, The Manufacture of Arrow- and Spear-heads. By W. J. KNOwLEs. 


The majority of Irish flint arrow- and spear-heads are made from flint flakes. 
Many specimens, even when highly finished, show traces of the bulb of percussion 
or of the ridge on the back of the flake. In some the plain undressed ridge of the 
flake still remains, the edges only being slightly dressed. There are examples 
showing a stem or barbs at the base with the natural point of the flake to act as 
the point of the arrow. Sometimes in such objects there is a slight trimming at 
the extreme point. We sometimes see specimens with barbs, but blunt and 
unfinished points. At same time we find nicely dressed points with undressed 
butts. There are arrow-heads well finished at both butt and point, but so crooked 
that one cannot see how they could be made serviceable. In many cases we can 
see that great efforts have been to neutralise by work the curve of the flake. In 
a large series where both good and poor specimens have been collected, the 
various stages of workmanship can be seen, from the first beginnings up to those 
very fine and perfectly chipped specimens which are so thin that they are almost 
transparent. 

All collectors of flint implements must have specimens such as are mentioned 
above, and have no doubt observed the various stages in the process of manu- 
facture of arrow- and spear-heads ; but there is another kind of rude flint objects, 
of a leaf shape, found occasionally on manufacturing sites, which has not been 
observed, or at least noted, as far as I know, by collectors. These are ovate 
or oval objects, varying from 4 to 2 inches in length, the flaking on which, 
being coarse and irregular, must have been produced by blows from a hammer- 
stone. Some specimens have evidently been made from small boulders, some from 
half-boulders, and others from coarse flakes. They are so rude, some being 
without points, that they could not be used in their present condition as imple- 
ments, but, I believe, were blocked-out spear- and arrow-heads, which were 
intended to be worked into useful implements by means of a flaking tool. No 
hoard of such objects, so far as I know, has been found in Ireland; but, having 
long put articles having similar peculiarities together, I find, on counting up 
after thirty years, that I have accumulated over 200 specimens of these rude 
objects. They come from various well-known sites—Whitepark Bay, Portstewart, 
Glenhead, Glenleslie, Threetowns, and Forked Bridge in the Braid district, 
Culbane, Co. Derry, &e. 

In America, round Washington, Mr. W. H. Holmes has found workshops 
where American tribes had chipped down rounded boulders into leaf-shaped 
blades, not for use in that condition, but in order that they might more easily be 
carried to other sites to be manufactured into arrow- and spear-heads. Sir John 
Evans, ‘ Ancient Stone Implements,’ 2nd edit., p. 35, mentions a find of thirty-four 
such objects as I have described from Old Deer, Aberdeenshire. Dr. Munro, 
‘Prehistoric Scotland,’ p. 357, mentions a similar hoard of ‘ thirty-four flints worked 
roughly to a leaf shape,’ and another is described by Dr. Joseph Anderson, as 
‘ A deposit of flints worked to a leaf shape found at Bulwark, Old Deer, Aberdeen- 
shire.’ These finds seem to be one and the same, and from the figures shown in 
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Dr. Anderson’s paper I believe the objects to be similar to those which I have 
collected. He sums up in his paper that ‘ We have here the material partially 
manufactured, roughly blocked out for arrow- and spear-heads, so treated that 
they could easily be transported to a distance.’ 

That these rough Irish specimens represent, therefore, a stage in the manu- 
facture of spear- and arrow-heads, I have no doubt, and they seem to form a series 
from the rude to a more highly finished state. 


5. On a recent Discovery of Paleolithic Implements in Plateau Gravels 
of Ipswich. By Miss Nina F. Layarp. 


The deposit in question appears to have been formed under post-Glacial con- 
ditions, somewhat resembling those which obtain at Hoxne. The area hitherto 
examined does not exceed 53 feet by 30 feet, but it has yielded twenty-seven 
implements representing fifteen distinct varieties, a fairly complete assortment of 
paleolithic types. Pointed implements predominate; the majority conveniently 
humped for holding, but one sharpened at the butt, so that it could not have 
been held comfortably unless hafted. Two other implements show depres- 
sions which might have received a haft. The clumsier tools would appear to have 
been specially fitted for agricultural purposes. 

One implement seems to show traces of previous working, for the flint was 
already of the desired shape before its thick white coating was formed. 


6. Ona recent Find of Paleolithic Flint Implements at Knowle, Wiltshire. 
By Wu. Cunnineton, F.G.5., and Wu. A. Cunnineton, Ph.D. 


In a gravel-pit near Knowle Farm, on the borders of Savernake Forest, Wilt- 
shire, there have been found within the last year and a half a large number of 
palzolithic flint implements. Some are very cleverly flaked, in this respect almost 
resembling neoliths, whilst others are exceedingly rude, almost shapeless, and diffi- 
cult to recognise as having been wrought by man. In connection with the imple- 
ments, as indeed with the unworked flints from the same locality, two interesting 
and somewhat difficult problems arise. The flints, worked and unworked alike, 
are in some cases (about 10 per cent. of the whole) scratched in a remarkable 
manner, either all over or on the more exposed areas. The scratches appear in 
some cases to have been more or less filled up by a later deposit of white silica. 
Various suggestions have been made to account for the scratching, but the authors 
believe it could only have been accomplished by glacial agency. If the markings be 
accepted as glacial strize, we have here further evidence of the existence of man 
on the earth in pre-Glacial or inter-Glacial times, A further remarkable feature 
exhibited by many of the flints is their highly glazed or polished state. The flints 
are seldom completely polished, but have polished areas of varying size, often cor- 
responding to the more exposed regions. Bands of varying hardness show varying 
degrees of polish, and the high gloss is most frequently produced upon lately 
fractured surfaces. Certain authorities have attributed the extremely glossy sur- 
face to a secondary deposition of silica locally whilst the flints were embedded 
in the gravel. The authors, however, believe the effect to have been produced by 
blown sand, presumably very fine sand, the action being in all probability assisted 
by the presence in it of a considerable percentage of iron oxide. 


7. Notes on the Excavation of a Primitive Site near Groomsport, Co. Down. 
By Rosert M. Youne. 


This Paper describes the remains of a primitive settlement discovered by the 
author in July 1897 on the Co. Down coast. 
1. The site was adjacent to the sea, beneath a grass-grown field, formerly a 


760 REPORT—1902. 


sanddune, Ata depth of several feet were found a number of burnt clay hearths, 
about 1 foot in diameter, surrounded with charcoal and burnt stones. 

2, There were numerous fragments of bones which had been broken to extract 
the marrow. Professor R. O, Cunningham has identified a small species of deer, 
boar, and probably goat. Shells of limpet and periwinkle of unusual size occurred 
in masses, and whelks, mussels, scallops, and cockles sparingly. 

3. The principal relics found comprised a bronze pin, an amulet of flint with 
natural perforation, burnt clay food-vessel simply incised, and numerous imple- 
ments of schistose slate. 

4. From the appearance of the deposit now covering the ancient ground-surface 
the author is of opinion that it has been probably deposited by the sea, which would 
have required to rise at least 10 feet above its present highest level to do so. 


8. On the Occurrence in Ireland of Objects of Hallstatt Types. 
by G. Correy. 


The author noted the frequent occurrence in Ireland of bronze swords of the 
type of Plate V.7 of von Sacken’s ‘Graberfeld von Hallstatt,’ and illustrated 
details of their points and handle-plates. Scabbard chapes also occur, like those 
in De Mortillet, ‘Musée Préhistorique,’ Plate XCVI. The Irish examples of 
caldrons like von Sacken, Plate XX., were probably imported, and appear to 

. have influenced the forms of the pottery; round-bottomed caldrons also occur. 
Pointed rivet-heads, and twisted stay-rods, like von Sacken, Plates XXIII.— 
XXIV., and embossed and corrugated metal-work, often with concentric-circle 
ornament, supply further correspondences ; so also certain pins, chains, pendants, 
and other miscellaneous objects. Iron was probably known before the close of 
the Hallstatt period in Ireland; and early ‘La Téne’ monuments have been 
noted. 


9. Report on Explorations in Crete.—See Reports, p. 466. 


SATURDAY, SEPTEMBER 13. 
The Section did not meet. 


MONDAY, SEPTEMBER 15. 
The following Reports and Papers were read :— 


1. Report on Anthropometric Investigations among the Native Troops 
of the Egyptian Army.—See Reports, p. 350. 


2. Note on a Method of Radial Craniometry. By C. 8S. Myers, ILD. 


3. Measurements of the Indian Coronation Contingent. By J. Gray, B.Sc. 


These measurements were made at the camp of the Indian contingent at 
Hampton Court. About nineteen different racial groups from all parts of India, 


1? Published in full in Man, 1903. 
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except Eastern Bengal, were represented. The number of persons in each group 
varied from six to eighteen. The maximum length and breadth of the head and 
the stature were measured in each case. The average dimensions of each group 
and the standard deviations of these dimensions have been calculated. The results 
are given in the annexed table. Whenthe groups are plotted out ona chart, using 
the average length and breadth of head as co-ordinates, they arrange themselves in 
five main divisions: I. The North-West Frontier or Mongolian; II. The Northern 
Plain or Aryan; III. The Himalayan; IV. The Eastern Deccan; V. The Western 
Deccan. Division I., represented by the Baluchis, is characterised by a very short 
and broad head, and is quite distinct from all the other Indian races. The Aryans 
(Division II.) are very long-headed. The Himalayan (Division III.) and the 
Dravidian (Division 1V.) are almost exactly alike in head dimensions, pointing to 
the conclusion that they both belonged to the same pre-Aryan race, and were 
separated by the Aryan invasion. The inhabitants of the Western and Central 
Deccan (Division V.) have much shorter heads than the Kastern Dravidians, 
which points to an immigration on the west coast of a Mongolian race by sea, 
or by land from Persia or Baluchistan, The smallest deviations are exhibited by 
the highest castes, such as the Brahmans and the Rajputs, and by geographically 
isolated races such as the Dogras, Goorkhas, and Pathans ; and the greatest devia- 
tions by Mohammedans and Sikhs, where caste does not exist to prevent 
admixture with other races. 


Table of Measurements and Deviations. 


Head Head 
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4. Note on some Measurements of Eskimo of Southampton Island. 
By J. F. Tocusr, £.1.C. 


5. Report on the Pigmentation Survey of the School Children 
of Scotland.—See Reports, p. 352. 


6. On the Mental and Moral Characteristics of the People of Ulster. 
By Wiiuian Grauam, J.D. 


By the term ‘ Ulsterman’ is here meant not any or every inhabitant of Ulster, 
but only that element in the population which derives its descent from the Scotch 
and English colonists of the Plantation under JamesI. Ulster in this narrow 
sense really means little more than the counties of Derry, Antrim, Down, and 
Armagh. The main elements which have gone to the making of the Ulsterman 
are as follows:—(1) The foundation is lowland Scotch. In parts of Antrim there 
may be seen the descendants of a still earlier emigration into the country from the 
Celtic Western Isles of Scotland; but this element is small, and may be dis- 
regarded. The colonists from Dumfries and Ayrshire were the really determining 
factors in the creation of the modern Ulsterman. (2) A very considerable 
English leaven which coalesced with the Scotch settlers; this element is especially 
to noted in counties Armagh and Fermanagh. (8) An infusion of French 
blood, due to the Revocation of the Edict of Nantes, for it was under Louis 
Crommellin, the Huguenot leader, that the linen industry was established, which 
has lain at the root of Ulster prosperity. Here we may find the source of a certain 
vivacity which distinguishes the Ulsterman from the lowland Scot. 

Two qualities the Ulsterman owes to his Scotch blood: (a) his self-reliance 
and independence, liable at times to degenerate into rudeness; (6) his ultra- 
religiousness. He is in creed a Calvinist of the most uncompromising type. He 
differs, however, from the Scot in other points: (1) he is not so ‘dour,’ he is 
more genial and human; (2) he is not particularly clannish, and owing to his 
history as a settler in a strange land he has assumed a certain cosmopolitan tinge ; 
(3) he is more adaptable than the lowland Scot; he takes on the culture, and 
accommodates himself at once to the customs, of another country. 

Again, he is to be distinguished from the Celtic Irish as follows:—(a) In 
modes of speech and habits of thought. There are many provincialisms peculiar 
to Ulster. A few may be given: ‘carnaptious’ = ill-tempered; ‘dunt’ = blow; 
‘dunsh’ = push; ‘spuds’ = potatoes; ‘ wheen’ = a quantity; ‘ girn’ = grin; 
and ‘oxther’ = armpit, (4) The Celt is a poetic and unpractical person ; the 
Ulsterman is nothing if not utilitarian, He cares nothing for the ssthetic. 
Solid comfort, plain practical ends, are what he aims at. (c) The Celt is 
loyal to persons—leaders in Church and State; the Ulsterman is loyal to 
institutions, (d@) The Celt is an aristocrat in disposition; the Ulsterman, what- 
ever may be his theory, is in practice a democrat. Hence (e) the Celt has 
grace, pliancy, and inborn susceptibility to beauty and refinement; while the 
Ulsterman is hard, self-assertive, and somewhat rude. (f) The Celt has humour; 
the Ulsterman has wit. Humour is fantastic, governed by no law save the way- 
wardness of fancy ; wit in Ulster is sharp, biting, cynical, with strong affinities to 
the type prevailing in Scotland. The form of humorous speech known as ‘bulls’ 
is unknown in Ulster. (g) The Celt is a sportsman, and takes his pleasures gaily ; 
the Ulsterman cares nothing for hunting, racing, the fine arts, opera, or the dance. 
The latter, as has been said, is thoroughly utilitarian. He eschews amusements, 
and gives himself wholly to work. 

There is a form of insanity which in Ireland is peculiar to Ulster—that arising 
from religious causes. At intervals epidemics of this form of brain disorder have 
swept through the country, notably in 1859. Tables are appended to this Abstract 
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from which it may be found—(1) That religion as a factor in the causation of 
insanity is confined to the Protestant population; Roman Catholics are not much 
affected by it. (2) That general paralysis of the insane is practically unknown 
in the rural communities of Ulster. It is in Belfast we find it. (3) In Ov. 
Armagh religion as a cause falls into the background. This is probably owing to 
the fact that the settlement was originally English, and hence not so intense in 
religion as the neighbouring Scotch people. (4) Paradoxical though it be, that in 
Belfast insanity increases in proportion as trade prospers—while the contrary 
holds good of the country districts. The explanation seems to be that increased 
wages in the city leads to increased indulgence in drink and other vices ; whereas 
in the country the burden of poverty, always felt in some degree, unhinges the 
mind when times are specially bad. 

It may be added that one of the main preventible causes of insanity in Ulster 
is the prevailing lack of amusements and recreations. Of an intensely religious 
nature by heredity, the Ulsterman has no counterbalancing aptitudes which might 
rectify abnormal brain reactions. 


I. Return of Admissions of Patients to the District Lunatic Asylums named, due 
to ‘ Religious Excitement’ during the years 1890 to 1900 inclusive. 
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Belfast City . : : - 255,922 348,876 
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II. Return showing Admissions of Patients to the District Asylums named, 
suffering from ‘ General Paralysis of the Insane, for the period from 1890 
to 1900 inclusive. 


Year rg tae Armagh Down Londonderry 
1890 4 — 3 — 
1891 3 — —_— —_— 
1892 5 1 — — 
1893 3 iL 5 _— 
1894 2 — 6 -- 
1895 1 — 2 —_— 
1896 8 1 3 — 
1897 8 | 1 2 — 
| 1898 6 1 | 2 —_— 
1899 12 — 4 — 
1900 14 — 3 _ 
Totals 66 5 30 0 


7. A Study in the Psychology of Primitive Man. By A. Amy BuuLtey. 


Sufficient information is now available with regard to primitive man to afford 
a general view of the trend of his ideas, We are thus enabled to estimate his 
intellectual calibre, and ascertain which among the mental processes he carried on 
with ease, and which were feebly and tentatively performed, Perfect certainty 
cannot be attained, but the results of the survey should be useful in testing the 
correctness of theories crediting primitive man with particular ideas and beliefs. 
Negative conclusions only are aimed at here. By ascertaining the limits of primi- 
tive man’s intellectual powers we can rule out theories as to his beliefs which are 
incompatible with his actual stage of development. If found weak in certain 
mental processes he cannot be reasonably credited with conceptions implying their 
free working. 

Investigation does not warrant us in attributing any absolute mental deficiency 
to primitive man. He appears to have been capable of all mental processes. 
The higher and more complex processes, however (ideation, analysis, synthesis, 
and the formation of complex concepts), were performed with facility only when 
concerned with the details of daily life and the struggle for existence. Where 
these were not present the higher processes were but imperfectly performed. In 
the world of abstract ideas we must predicate for primitive man, as for his 
descendants, a considerably lower level than in the practical world. 

The most conspicuous failing in primitive man was inability to differentiate. 
He perceived similarities rather than differences, the latter involving clearer per- 
ception, and being therefore a later product of the intelligence. Things which were 
alike were to him identical, or at least equivalent. To employ the terminology of 
Principal Lloyd Morgan, he ‘sensed’ objects singly, and without anything more 
than a hazy perception of their relation to one another. 

The results of this deficiency were :— 


1. Inability to generalise. 

2. No distinction recognised between essential and non-essential charac- 
teristics. 

3. Imperfect understanding of cause and effect. 


1. Generalisation demands differentiation, the analysis of separate qualities, 
and their re-combination in a new concept covering a wide field of observation. 
These processes primitive man could only perform imperfectly. 
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2. A mental stumbling-block too familiar to need explanation. It is not 
wholly unknown in more advanced times, 

8. Observation and induction, leading up to the correct inference of cause and 
effect, demand a sustained mental effort of which primitive man was incapable. 
He accepted as cause and effect any set of phenomena commonly or strikingly 
associated in his experience, On the other hand, he failed to perceive cause and 
effect in the simplest and most universal biological processes or physical sequences. 
It is doubtful further whether, as Dr. Frazer thinks, he had grasped the idea of 
the universality of Nature involved in the inference of cause and effect. 

Since all human ideas must have passed through the stage characterised by the 
deficiencies just mentioned, we may apply the test to certain theories of the origin 
of religious ideas :— 


1. One Supreme God.—We may safely assert that primitive man was incapable 
of the abstraction and generalisation requisite for forming the idea of one Supreme 
God, omnipotent and universal, distinct and separate from humanity—the Creator 
of the world. 

2. Phallic worship.—If not otherwise discredited as an origin, phallic worship 
would have to be ruled out for similar reasons. Primitive man was incapable of 
mentally isolating a single faculty or power sufficiently to exalt it for worship. 

3. The ‘ ghost theory’ demands a more distinct conception of personality and a 
clearer realisation of the ideas of life and death than primitive man possessed. 
He had not reached the belief in death from natural causes, and the personality 
of a deceased man might, to his thinking, be re-incarnate in his descendants. 

4. Dr. Jevons’s theory of the continuum in religion implies the existence of a 
single clear, persistent perception dissociated from the general stock of primitive 
ideas, and apparently on a higher level. 


The absence of clear and distinct ideas on any subject in the early stages of 
development makes it improbable that any single idea whatever is to be regarded 
as the origin of religion. Probably a number of separate ideas combined later, but 
all theories on this subject must be in harmony with the general stage of primitive 
development so far as ascertained. 


8. On the Lolos and other Tribes of Western China. 
By AucustinE Henry. 


The Paper describes (1) the various Tibetan tribes on the western border of 
Szechuan; (2) the migratory Mzao-tze from Kweichow, whose tonal monosyllabic 
language has a vocabulary distinct from that of the other languages of that group ; 
(3) the Yaos, a farming and hunting people who are probably the aborigines of 
Kwangsi, and inhabit isolated villages from Kwangst to Szemao, and also dwell in 
French Laos; (4) the Shans of the low-lying plains of South Yunnan and Upper 
Burma, who are akin to the Siamese ; (5) the dark swarthy Wont, a very uniform- 
featured people, aboriginal south of the Red River of Yunnan ; (6) the diminutive 
Pula, 4-43 feet in stature, who speak a dialect of Lolo, and are regarded as 
wizards by the Chinese ; and whose love of gay clothing, and lively temperament 
afford further parallels to the traditions of a diminutive fairy-folk, which Dr. Rhys 
has collected in Western Europe. 

In addition to these, the paper describes (7) the Zodos, a tall handsome people 
whose home is in Szechuan, but who are found all over Yunnan and in a few dis- 
tricts in Kweichow. Their language is tonal and monosyllabic, and the author 
contends that a comparison of Lolo and Miao-tze speech with Chinese shows that 
the tonal monosyllabic languages form a distinct primitive group, and are not the 
result of breaking down a polysyllabic agglutinative language. 

The peculiar script of the Lolos is described and discussed. Though of hiero- 
glyphic character it is not derivative from the Chinese script. It runs in vertical 
columns from eft to right. The analogy of the later Syriac script suggests that 
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this peculiarity may be due to early Nestorian missionaries, who had settlements 
in Yunnan as early as the time of Marco Polo. ; 

The paper further describes the religious beliefs, elaborate animistic beliefs, 
cosmogony, ceremonies and rituals, songs and literature, and social organisation of 
the Lolos. Their surnames always signify the name of a tree or animal, or both 
tree and animal ; and these are considered as the ancestors of the family bearing 
the name. To ask a man his name, the question is, ‘ What is it you do not touch P” 
but no worship is paid to the plant or animal. 


9. On the Wild and Civilised Races of the Malay Peninsula. 
By Newson ANNANDALE and H. C. Rosinson. 


The Paper describes the districts which were visited by the authors, the 
investigations undertaken, and the material obtained. 


I. The civilised tribes are as follow :— 


1. Malays and Siamese of the district between Singora and Jambu.—Physical 
differences between the two are slight or absent ; there is evidence of an admixture 
of aboriginal blood, though the aborigines are now practically extinct in the 
district. The general customs and mode of life are described. Two distinct 
physical types are to be recognised, but neither can be associated with one people 
or the other. Mahommedan and Buddhist customs are noted. The amusements, 
opium-smoking, diseases, and modes of burial are described. 

2. The South Perak Malays are distinct from the people of Patani; their 
standards of civilisation more Occidental, but their race is non-persistent, being 
swamped by immigration. 

3. In Selangor there is no long-established Malay population. 

4. The Samsams of Trang are identical with or nearly related to the Malays 
o Upper Perak, but certain physical differences from the Malays of South Perak 
are noted, and their language, religion, and weapons are described. 


II. The savage tribes are the following :— 


5. Semangs—Their distribution, social status, physical characters, and mode of 


life are described. } 
6. Sakais.—Their distribution and relationship to Semangs are noted, and their 


mode of life, external relations, and burial customs. 
7.—Orang Laut Kappir of Trang.—Their possible relationships are discussed, 
with their dialect, religion, and customs. 


TUESDAY, SEPTEMBER 16. 


The following Papers and Reports were read :— 


1. The Lia Fail of Tara, and Election of Kings by Augury. 
By E. Sipney Harrianp. 


The famous Lia Fazl, or Stone of Destiny, often identified with the Coronation 
Stone, ‘was a stone on which were enchantments, for it used to roar under the 
person who had the best right to obtain the sovereignty of Ireland at the time of 
the men of Ireland being in assembly at Tara to choose a king over them,’ It 
was thus an oracle; and the choice of king was made by the augury which it gave. 
Other modes of augury were also used in Ireland for this purpose, as well as in 
many savage and semi-civilised countries. Examples of these are cited from 
stories, as embodying real traditions of customs once prevalent. Kingship was 
something more than human, It was necessary, then, to ascertain the will of the 
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gods. The practice in Central Africa; Melchizedek; the testimony of Homer; 
the ancient kings of Rome ; changes in custom and oral tradition; the diagnosis 
of blood royal by animals and other means. 


2. On Perforated Stone Amulets. By F. T. Exwortuy, FSA. 


There is a widespread belief in the efficacy of naturally perforated stones as 
prophylactic agents against witchcraft. Examples are given of :— 


(1) Witchstones in a garden and against a door in Lincolnshire. 

(2) The preservation of these stones as family possessions. In all cases the 
root idea is the need of protection against the Evil Eye. 

(8) The prevalence of the belief in the susceptibility of cattle, and in ‘witch 
doctors.’ 

(4) The so-called ‘holy ilints,’ used chiefly in gardens in England, but also 
worn on the person, and employed by Dorset boatmen as protectors. 

(5) A much-worn stone from Antrim used to protect cattle. This amulet has 
ap only been tied upon cows’ necks, but has been boiled in water for the cows to 

rink. 

(6) Many specimens from Southern Italy, where they are also found on cow- 
houses, though chiefly, as in Lincolnshire, on dwelling-houses. 

(7) A round piece of sea-worn pottery, with a central hole, from « house i 
South Italy, almost identical with a similar object in Bohemian glass, made as a 
trade article for East Africa. 


That the perforation rather than the material is the real seat of the ideal value 
is proved by evidence from various localities, but particularly from modern 
Somerset. The question is raised of the connection of holed pebbles with the 
well-known larger apertures in rocks and boulders. 


3. Note on Two Japanese ‘ Boki-to.’ Dy EK. S. Hartianp. 


The author exhibits two bokt-to, or wooden swords, formerly worn as _profes- 
sional emblems by medical practitioners in Japan. One of them is shaped as a 
bean-pod containing seven seeds and adorned, near the ends, with representations 
in lacquer of a grasshopper and four other insects. The other is a rough piece 
of willow, on one side of which are cut Japanese characters meaning spider-boat. 
This name is connected with a Japanese legend. Attached to the doki-to in 
question is a natural seed-vessel, or fig, for the purpose of retaining it in the 
girdle. 


4, On Tallies. By E. Lovert. 


Tallies are records kept by cutting notches in sticks of wood, and are a sur- 
vival of probably the earliest appliance of a commercial nature made by man. 
The collection of these objects which is exhibited, a list of which is given below, 
is of special interest from the fact that the specimens have been in actual use, either 
quite recently or within the last twenty years or so. They represent two classes 
of tally, viz. (1) The contract tally, formed by a split stick (through the notches), 
each portion of which is retained by the two contracting parties respectively—a 
most effective and safe instrument, (2) The simple or memorandum tally, repre- 
sented by single slips of wood upon which are recorded, by a series of notches of 
various form or arrangement, the intentional record of the operator. This latter 
form is of wide geographical distribution and of great antiquity ; tallies of ivory, 
bone, and horn having been found in the cavern deposits of France. It is interest- 
ing to note that whereas the simple or folk tally has survived, the complex form, 
as elaborated in the bankers’ and Exchequer tallies, has become quite obsolete, and 
now only exists in the form of our present commercial terms and expressions, all] 
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of which refer to the wooden instrument and not to its documentary successor. 
Eyen the word tally itself, which is derived from the French word ‘ to cut a notch,’ 
is now taken to mean ‘ to agree, or balance amounts.’ 

To-day tallies are used in some of the hopfields of Kent and Worcestershire ; 
very extensively by the bakers of Normandy and some other parts of France; in 
the vineyards of the valley of the Gironde ; and here and there by farmers, game- 
keepers, and wood-cutters in some of the rural districts of our own islands. 
Naturally, too, they are found in various simple forms in use by the aborigines of 
foreign countries, and the museums of the Continent contain many examples 
from various deposits of. prehistoric age. 

The specimens exhibited include :—Hop tally (and counters), Kent and Wor- 
cester ; bakers’, Normandy and Holland; brewers’, Isle of Man and Berlin; snow, 
Vienna; fishing, Tain (N.B.); vineyard, Gironde (France); farmers’ lamb, Wor- 
cester ; gamekeepers’ and faggot-makers’, Norfolk; curling, Scotland; journey, 
Blantyre (B.C. Africa); carters’, Sussex and Worcester; labour, Beauly (N.B.). 


5. Report on the Age of Stone Circles.—See Reports, p. 455. 


6. Preliminary Note on a Prehistoric Cemetery-cave in Palestine. 
By R. A. Stewart Macatister, J/,A. 


In the excavation at present in progress on behalf of the Palestine Exploration 
Fund at the site of the ancient city of Gezer an important discovery has just been 
made. Overlaid by débris, which may tentatively be dated about 2000 B.c., the 
mouth of a cave about 30 feet long was found, This cave proved to have been 
artificially cut out to serve the purpose of a crematorium. The floor was strewn, in 
some cases thickly covered, with the remains of human bodies, which had been 
burnt where they lay. A chimney was cut in the rock to provide the draught 
necessary for the fire. Ata later time the cave was again used, this time for the 
interment of unburnt bodies, many of which were scattered (in a contracted posi- 
tion) over the floor, a few being deposited in enclosures separated by rude walls 
from the rest of the cave. 

Large numbers of food-vessels, of early types, were found associated with both 
strata of remains. 

The bones were examined by Professor A. Macalister. They are so broken and 
‘injured that satisfactory measurements of a few only could be made. However, 
they are distinguished into two well-marked types. 

The burnt bones are those of people of slender build, and small but not dwarfish 
stature—none over 5 feet 7 inches, most under 5 feet 4 inches. Limbs slender 
but muscular; no perforated humeri, a few slightly platycnemic tibie, a few platy- 
meric, but no pilastered femora. Cranial shape an elongated oval, fairly well 
arched longitudinally, but rather flat-sided, with length-breadth index about 72 to 
75. Skull bones thick and heavy. 

The unburnt bones belong to a taller race—average height 5 feet 6 inches 
(maximum 6 feet 11 inches) in males, 5 feet 4 inches in females. Limbs stronger 
and larger-boned, platycnemic tibie, pilastered femora. Squatting facets on leg 
joints well developed. Skulls larger, of thinner bones, pentagonoid both when 
viewed from above and from behind. Length-breadth index about 78. 

This is the first discovery yet made of bones belonging to the pre-Israelite 
inhabitants of Palestine. The unburnt bones belong apparently to the earliest 
Semite stock, their predecessors to a pre-Semite and possibly aboriginal race. 

A full account of this discovery, with illustrations, appears in the ‘ Quarterly 
Statement’ of the Palestine Exploration Fund for October 1902. 
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7. On a Survival of certain Pagan Sepulchral Symbols on Early Christian 
Monuments in Ireland. By P. J. O’Rettty. 


The writer points to the existence of cup-marks and inscribed single circles and 
concentric circles in the earlier, and cup-and-concentric circles in the later, of the 
Trish pagan tumuli, and presents photographs of a series of Christian sepulchral 
monuments found in the cemeteries of ancient churches, all of which were pro- 
bably founded in or before the seventh century, and are situated in the limited 
area of the half-barony of Rathdown, Co. Dublin. These monuments include cup- 
ped stones at Dalkey, Tully, and Rathmichael ; stones presenting a cupped medial- 
band design at Rathmichael and Killegar; others at Cruagh and Rathmichael 
bearing cup-and-concentric-circle designs; others at Killegar and Rathmichael 
exhibiting the latter design in combination with a radiating triple-line design; 
a cupped ‘ fish-bone’ design at Rathmichael ; and combinations of the cup-and- 
concentric-circle and ‘ fish-bone’ designs at Ballyman and Tully. Among facts 
stated which show that these Rathdown designs were wrought at a later period 
than their pagan prototypes, and that the stones bearing them are not pagan 
sepulchral monuments utilised as memorials of Christian dead, is the existence on 
one at Dalkey of a symmetric combination of two cup-and-concentric-circle groups 
and four single circles with an incised cupped Irish wheel-cross that is undeniably 
of Christian origin and contemporaneous with the remainder of the design, which 
forms a valuable link between the pagan-like patterns of the earlier members of 
the series and the free standing crosses of the district, four of which bear the 
single-circle symbol. : 


8. Report on the Excavations in the Roman Fort at Gellygaer. 
See Reports, p. 450. 


9. Report on the Excavations of the Roman City at Silchester. 
See Reports, p. 453. 


10. On the Khami Ruins, near Bulawayo, Rhodesia. 
By F. P. Mewnett, £.G.S., Curator of the Rhodesia Museum. 


All over the territory between the Zambesi and the Limpopo, now known as 
Southern Rhodesia, are numerous structures which testify to a former occupation 
of the country by a race far more advanced in the arts than the Bantu tribes, who 
are shown by Arab records to have inhabited the country for fully two thousand 
years. The Khami Ruins, situated twelve miles from Bulawayo, may be taken as 
typical. They consist of about a dozen separate structures showing the usual 
mortarless walls faced with carefully squared granite blocks about twice as large 
as an ordinary brick. These walls are about 3 feet thick, and rise perpendicu- 
larly without any batter, as a rule, to heights of 10 to 20 feet or more. The 
exterior walls roughly conform to the shape of the ground available, or are more 
or less circular, but the interior ones ramify about in a most intricate manner. 
The principal ruin has three sets of walls at different levels; and as the spaces 
which they enclose haye become filled with débris, they give the hill on which 
they are built a terraced appearance. The main entrance to this structure has 
square ends to the walls on either side, and recent excavations have revealed the 
fact that a series of stone-built steps lead up to it from the foot of the slope. In 
other cases the walls are rounded off at the entrances, and rounded buttresses 
support them at times, Other devices in the way of decoration are the ‘chess- 
board ’ and ‘ herring-bone’ patterns, formed by varying the positions of the facing 
blocks and the introduction of dark-coloured dolerite blocks to contrast with the 
granite. 

It has been stated that these structures could not have been roofed in, and in 
only one instance (Impateni) out of many hundreds is a covered entrance known. 
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At Dhlo Dhlo Ruins, however, there are the remains of wooden posts let into the 
masonry, and these have now been found at Khami also. It seems possible that 
they may have been intended, in some cases at least, as supports for a roof. That 
the buildings were intended primarily as forts may be inferred from their inacces- 
sible situations, their narrow and well-commanded entrances, and the fact that the 
sides of some of the hills on which they are built have evidently been artificially 
steepened. 

Mane objects of interest have been discovered at Khami, most of which are 
now in the Rhodesia Museum, Bulawayo. The pottery and the articles made of 
copper and iron are probably in nearly all cases the work of later occupants of the 
ruins than the builders. Discrimination is rendered difficult by the obvious fact 
that the natives have copied the designs of the earlier workers. This may indi- 
cate either that they are the degenerate descendants of the builders of these 
remarkable structures, or that their ancestors were forced to work for the latter 
as slaves. The second is in all probability the correct explanation. Peculiar flat. 
oval-shaped stones, sometimes pierced with a hole near one end, are among the 
articles which may be regarded as ancient, and so are the numerous gold orna- 
ments. The latter include chain- and wire-work, tacks for fastening beaten gold 
on to wood, and gold beads of all shapes and sizes and in every stage of manufac- 
ture. A few pieces of tin found in one of the smaller structures are of interest, 
as the metal does not appear to occur anywhere in Rhodesia. They may have 
been imported. Two classes of objects are conspicuous by their absence here, as 
at all the other ruins. These are inscriptions of any kind, and iron tools such as 
must have been used in dressing the stone for building. The latter may well have 
rusted away during the thousands of years which have almost certainly elapsed 
since they were laid aside, but the absence of the former is not so easy to 
explain, if these structures are the work, as has been contended, of the Sabzeans 


of Arabia. 


ll. On the Ethnography of the Nagas. By W. H. Furness, M.D. 


12. Demonstration on the Specimens in the Anatomical Museum which. 
illustrate points in Physical Anthropology. By Professor J- 
Symineton, J.D. 


WEDNESDAY, SEPTEMBER 17. 


The following Papers and Reports were read :-— 


1. Excavations at Palectastro in Eastern Crete. 
By RB. C. Bosanquet, M.A. 


2, Report on the Collection, Preservation, and Systematic Registration of 
Photographs of Anthropological Interest.—See Reports, p. 449. 


3. Report on the Organisation of an Ethnological Survey of Canada. 
See Reports, p. 353. 


4. On the Classification and Arrangement of the Exhabits in an 
Anthropological Museum. By W. H. Homes. 


5. Suggestions for the Classification of the Subject-matter of 
Anthropology. By E. N. Fauuaize, B.A. 
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Secrion I.—PHYSIOLOGY 


PRESIDENT OF THE Secrion—Professor W. D, Hatrisurtoy, M.D., F.R.S. 


THURSDAY, SEPTEMBER 11. 
The President delivered the following Address : — 


The Present Position of Chemical Physiology. 


AN engineer who desires to thoroughly understand how a machine works must 
necessarily know its construction. Ifthe machine becomes erratic in its action, 
and he wishes to put it into proper working order, a preliminary acquaintance with 
its normal structure and function is an obvious necessity. 

If we apply this to the more delicate machinery of the animal body we at 
once see how a knowledge of function (physiology and pathology) is impossible 
without a preliminary acquaintance with structure or anatomy. 

It is therefore not surprising, it is indeed in the nature of things, that physio- 
logy originated with the great anatomists of the past. It was not until Vesalius and 
Harvey by tedious dissections laid bare the broad facts of structure that any 
theorising concerning the uses of the constituent organs of the body had any firm 
foundation. 

Important and essential as the knowledge is that can be revealed by the 
scalpel, the introduction and use of the microscope furnished physiologists with a 
still more valuable instrument. By it much that was before unseen came into 
view, and microscopic anatomy and physiology grew in stature and knowledge 
simultaneously. 

The weapons in the armoury of the modern physiologist are multitudinous in 
number and complex in construction, and enable him in the experimental investi- 
gation of his subject to accurately measure and record the workings of the different. 
parts of the machinery he has to study. But pre-eminent among these instruments 
stands the test-tube and the chemical operations typified by that simple piece of 

lass. 
: Herein one sees at once a striking distinction between the mechanism of a 
living animal and that of a machine like a steam engine or a watch. It is quite 
possible to be an excellent watchmaker or to drive a steam engine intelligently 
without any chemical knowledge of the various metals that enter into its composi- 
tion. In order to set the mechanism right if it goes wrong all the preliminary 
knowledge which is necessary is of an anatomical nature. The parts of which an 
engine is composed are stable ; the oil that lubricates it and the fuel that feeds it 
never become integral parts of the machinery. But with the living engine all this 
is different. The parts of which it is made take up the nutriment or fuel and 
assimilate it thus building up new living substance to replace that which is 
destroyed in the wear and tear associated with activity. This condition of 
unstable chemical equilibrium is usually designated metabolism, and metabolism 
is the great and essential attribute of a living as compared with a non-living thing. 
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It seems childish at the present day, and before such an audience as this, to 
point out how essential it is to know the chemical structure as well as the 
anatomical structure of the component parts of the body. But the early 
anatomists to whom I have alluded had no conception of the connection of the 
two sciences. Speaking of Vesalius, Sir Michael Foster says: ‘The great 
anatomist would no doubt have made use of his bitterest sarcasms had someone 
assured him that the fantastic school which was busy with occult secrets and 
had hopes of turning dross into gold would one day join hands in the investiga- 
tion of the problems of life with the exact and clear anatomy so dear to him,’ 
Nor did Harvey, any more than Vesalius, pay heed to chemical learning. The 
scientific men of his time ignored and despised the beginning of that chemical 
knowledge which in later years was to become one of the foundations of physiology 
and the mainstay of the art of medicine. 

The earliest to recognise this important connection was one whose name is 
usually associated more with charlatanry than with truth, namely, Paracelsus, and 
fifty years after the death of that remarkable and curious personality his doctrines 
were extended and developed by van Helmont. In spite, however, of van Hel- 
mont’s remarkable insight into the processes of digestion and fermentation, his 
work was marred by the mysticism of the day which called in the aid of super- 
natural agencies to explain what could not otherwise be fully comprehended. 

Tn the two hundred and fifty years that have intervened between the death of 
van Helmont and the present day alchemy became a more and more exact science, 
and changed its name to chemistry, and a few striking names stand out of men 
who were able to take the new facts of chemistry and apply them to physiological 
uses, Of these one may mention Mayow, Lower, Boerhaave, Réaumur, Borelli, 
Spallanzani, and Lavoisier. Mulder in Holland and Liebig in Germany bring us 
almost to the present time, and I think they may be said to share the honour of 
being regarded as the father of modern chemical physiology. This branch of 
science was first placed on a firm basis by Wéhler when he showed that organic 
compounds can be built out of their elements in the laboratory, and his first suc- 
cessful experiments in connection with the comparatively simple substance urea 
have been followed by numberless others, which have made organic chemistry the 
vast subject it is to-day. 

Sir Michael Foster’s book on the History of Physiology, from which I have 
already quoted, treats of the older workers who laid the foundations of our science, 
and whose names I have not done much more than barely mention. Those inter- 
ested in the giants of the past should consult it. But what I propose to take up 
this morning is the work of those who have during more recent days been engaged 
in the later stages of the building. The edifice is far from completion even now. 
It is one of the charms of physiological endeavour that as the older areas yield 
their secrets to the explorers new ones are opened out which require equally 
careful investigation. 

If even a superficial survey of modern physiological literature is taken, one is 
at once struck with the great preponderance of papers and books which have a 
chemical bearing. In this the physiological journals of to-day contrast very 
markedly with those of thirty, twenty, o1 even ten years ago. The sister science 
of chemical pathology is making similar rapid strides. In some universities the 
importance of biological chemistry is recognised by the foundation of chairs which . 
deal with that subject alone ; and though in the United Kingdom, owing mainly to 
lack of funds, this aspect of the advance of science is not very evident, there are 
signs that the date cannot be far distant when every well-equipped university or 
university college will follow the example set us at many seats of learning on the 
Continent and at Liverpool. 

With these introductory remarks let me now proceed to describe what appear 
to me to be the main features of chemical physiology at the present time. 

The first point to which I shall direct your attention is the rapid way in which 
chemical physiology is becoming an exact science. Though it is less than twenty 
years since I began to teach physiology, I can remember perfectly well a time 
when those who devoted their work to the chemical side of the science might 
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almost be counted on the fingers of one hand, and when chemists looked with 
scarcely veiled contempt on what was at that time called physiological chemistry: 
they stated that physiologists dealt with messes or impure materials, and therefore 
apything in the nature of correct knowledge was not possible. There was a good 
deal of truth in these statements, and if physiologists to-day cannot quite say that 
they have changed all that, they can at any rate assert with truth that they are 
changing it. This is due to a growing rapprochement between chemists and 
physiologists. Many of our younger physiologists now go through a thorough 
preliminary chemical training ; and on the other hand there is a growing number 
of chemists—of whom Emil Fischer may be taken as a type—who are beginning to 
recognise the importance of a systematic study of substances of physiological 
interest. A very striking instance of this is seen in the progress of our knowledge 
of the carbohydrates, which has culminated in the actual synthesis of several 
members of the sugar group. Another instance is seen in the accurate informa- 
tion we now possess of the constitution of uric acid. When Miescher began his 
work on the chemical composition of the nuclei of cells, and separated from them 
the material he called nuclein, he little foresaw the wide practical application of 
his work. We now know that it is in the metabolism of cell-nuclei that we have 
to look for the oxidative formation of uric acid and other substances of the purine 
family. Already the chemical relationships of uric acid and nuclein have taught. 
practical physicians some of the secrets that underlie the occurrence of gout and 
allied disorders. 

With the time at my disposal, it would be impossible to discuss all the 
chemico-vital problems which the physiologists of the present day are attempting 
to solve, but there is one subject at which many of them are labouring which 
seems to me to be of supreme importance—I mean the chemical constitution of 
eran or albuminous substances. Proteids are produced only in the living 
aboratory of plants and animals; proteid metabolism is the main chemical 
attribute of a living thing; proteid matter is the all-important material present in 
protoplasm. But in spite of the overwhelming importance of the subject chemists. 
and physiologists alike have far too long fought shy of attempting to unravel. 
the constitution of the proteid molecule, This molecule is the most complex that 
is known: it always contains five, and often six, or even seven elements. The- 
task of thoroughly understanding its composition is necessarily vast, and advance- 
slow. But little by little the puzzle is being solved, and this final conquest of 
organic chemistry, when it does arrive, will furnish physiologists with new light 
on many of the dark places of physiological science. 

The revival of the vitalistic conception in physiological work appears to 
me a retrograde step. To explain anything we are not fully able to understand 
in the light of physics and chemistry by labelling it as vital or something we 
can never hope to understand is a confession of ignorance, and, what is still 
more harmful, a bar to progress. It may be that there is a special force in 
living things that distinguishes them from the inorganic world. If this is so, the 
laws that regulate this force must be discovered and measured, and I have no 
doubt that those laws when discovered will be found to be as immutable and 
regular as the force of gravitation. I am, however, hopeful that the scientific 
workers of the future will discover that this so-called vital force is due to certain 
physical or chemical properties of living matter which have not yet been brought 
into line with the known chemical and physical laws that operate in the inorganic 
world, but which as our knowledge of chemistry and physics increases will ulti- 
mately be found to be subservient to such laws. 

Let me take as an example the subject of osmosis. The laws which regulate 
this phenomenon through dead membranes are fairly well known and can be 
experimentally verified ; but in the living body there is some other manifestation 
of force which operates in such a way as to neutralise the known force of 
osmosis. Is it necessary to suppose that this force is a new one? May it not 
rather be that our much vaunted knowledge of osmosis is not yet complete? It 
is ot aaa easy to understand why a dead and a living membrane should behave 
differently in relation to substances that are passing through them, The 
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molecules of the dead membrane are, comparatively speaking, passive and stable ; 
the molecules in a membrane made of living cells are in a constant state of 
chemical integration and disintegration; they are the most unstable molecules 
we know. Is it to be expected that such molecules would allow water, or 
substances dissolved in water, to pass between them and remain entirely 
inactive? The probability appears to me to be all the other way; the sub- 
stances passing, or attempting to pass, between the molecules will be called 
upon to participate in the chemical activities of the molecules themselves, and in 
the building up and breaking down of the compounds so formed there will be a 
transformation of chemical energy and a liberation of what looks like a new force. 
Before a physicist decides that his knowledge of osmosis is final, let him attempt 
to make a membrane of some material which isin a state of unstable chemical 
equilibrium, a state in some way comparable to what is called metabolism in 
living protoplasm. I cannot conceive that such a task is insuperable, and when 
accomplished, and the behaviour of sucha membrane in an osmometer or dialyser is 
studied, I am convinced that we shall find that the laws of osmosis as formulated 
for such dead substances as we have hitherto used will be found to require revision. 

Such an attitude in reference to vital problems appears to be infinitely prefer- 
able to that which too many adopt of passive content, saying the phenomenon is 
vital and there is an end of it. 

When a scientific man says this, or that vital phenomenon cannot be explained 
by the laws of chemistry and physics, and therefore must be regulated by laws of 
some other nature, he most unjustifiably assumes that the laws of chemistry and 
physics have all been discovered. He forgets, for instance, that such an important 
detail as the constitution of the proteid molecule has still to be made out. 

The recent history of science gives an emphatic denial to such a supposition. 
All my listeners have within the last few years seen the discovery of the Réntgen 
rays and the modern development of wireless telegraphy. On the chemical side 
we have witnessed the discovery of new elements in the atmosphere and the 
introduction of an entirely new branch of chemistry called physical chemistry. 
With such examples ready to our hands, who can say what further discoveries 
will not shortly be made, even in such well-worked fields as chemistry and physics? 

The mention of physical chemistry brings me to what I may term the second 
head of my discourse, the second striking characteristic of modern chemical 
physiology: this is the increasing importance which physiologists recognise in a 
study of inorganic chemistry. The materials of which our bodies are composed 
are mainly organic compounds, among which the proteids stand out as pre- 
eminently important; but everyone knows there are many substances of the 
mineral or inorganic kingdom present in addition. I need hardly mention the 
importance of water, of the oxygen of the air, and of salts like sodium chloride and 
calcium phosphate. 

The sew branch of inorganic chemistry called physical chemistry has given us 
entirely new ideas of the nature of solutions, and the fact that electrolytes in 
solution are broken up into their constituent ions is one of fundamental import- 
ance. One of the many physiological aspects of this subject is seen in a study of 
the action of mineral salts in solution on living organisms and parts of organisms. 
Many years ago Dr. Ringer showed that contractile tissues (heart, cilia, &c.) con- 
tinue to manifest their activity in certain saline solutions. Howell goes so far as 
to say, and probably correctly say, that the cause of the rhythmical action of the 
heart is the presence of these inorganic substances in the blood or lymph which 
usually bathes it. The subject has more recently been taken up by Loeb and his 
colleagues at Chicago: they confirm Ringer’s original statements, but interpret them 
now as ionic action. Contractile tissues will not contract in pure solutions of non- 
electrolytes like sugar or albumin. But different contractile tissues differ in the 
nature of the ions which are their most favourable stimuli, An optimum salt 
solution is one in which stimulating ions, like those of sodium, are mixed with a 
certain small amount of those which like calcium restrain activity. Loeb considers 
that the ions act because they affect either the physical condition of the colloidal 
substances (proteid, &c.) in protoplasm or the rapidity of chemical processes. 
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Ameeboid movement, ciliary movement, the contraction of muscle, cell division, 
and karyokinesis all fall into the same category as being mainly dependent on the 
stimulating action of ions. 

Loeb has even gone so far as to consider that the process of fertilisation is 
mainly ionic action; he denies that the nuclein of the male cell is essential, but 
asserts that all it does is to act as the stimulus in the due adjustment of the pro- 
portions of the surrounding ions, and supports this view by numerous experiments 
on ova in which without the presence of spermatozoa he has produced larve by 
merely altering the saline constituents and so the osmotic pressure of the fluid 
that surrounds them. Whether such a sweeping and almost revolutionary notion 
will stand the test of further verification must be left to the future; so also 
must the equally important idea that nervous impulses are to be mainly explained 
on an electrolytic basis. But whether or not all the details of such work will 
stand the test of time, the experiments I have briefly alluded to are sufficient 
to show the importance of physical chemistry to the physiologist, and they also 
form a useful commentary on what I was saying just now about vitalism. Such 
eminently vital phenomena as movement and fertilisation are to be explained in 
whole or in part as due to the physical action of inorganic substances. Are not 
such suggestions indications of the undesirability of postulating the existence of 
any special mystic vital force ? 

I have spoken up to this point of physical chemistry as a branch of inorganic 
chemistry; there are already indications of its importance also in relation to 
organic chemistry. Many eminent chemists consider that the future advance of 
organic chemistry will be on the new physical lines. It is impossible to forecast 
where this will lead us; suffice it to say that not only physiology, but also 
pathology, pharmacology, and even therapeutics, wiil receive new accessions to 
knowledge the importance of which will be enormous. 

I have now briefly sketched what appear to me to be the two main features of 
the chemical physiology of to-day, and the two lines, organic and inorganic, along 
which I believe it will progress in the future. 

Let me now press upon you the importance in physiology, as in all experimental 
sciences, of the necessity first of bold experimentation, and secondly of bold . 
theorising from experimental data. Without experiment all theorising is futile ; 
the discovery of gravitation would never have seen the light if laborious years of 
work had not convinced Newton that it could be deduced from his observations. 
The Darwinian theory was similarly based upon data, and experiments which 
eccupied the greater part of its author's lifetime to collect and perform, Pasteur 
in France and Virchow in Germany supply other instances of the same devotion 
to work which was followed by the promulgation of wide-sweeping generalisations. 

And after all it isthe general law which is the main object of research ; 
isolated facts may be interesting and are often of value, but it is not until facts 
are correlated and the discoverers ascertain their interrelationships that anything 
of epoch-making importance is given to the world. 

It is, however, frequently the case that a thinker with keen insight can see the 
general law even before the facts upon which it rests are fully worked out. Often 
such bold theorisers are right, but even if they ultimately turn out to be wrong, 
or only partly right, they have given to their tellows some general idea on which 
to work; if the general idea is incorrect, it is important to prove it to be so in 
order to discover what is right later on. No one has ever seen an atom or a 
molecule, yet who can doubt that the atomic theory is the sheet anchor ot 
chemistry? Mendeleetf formulated his periodic law before many of the elements 
were discovered ; yet the accuracy of this great generalisation has been such that 
it has actually led to the discovery of some of the missing elements. 

I purpose to illustrate these general remarks by a brief allusion to two typical 
sets of researches carried out during recent years in the region of chemical physio- 
logy. Ido not pretend that either of them has the same overwhelming import- 
ance as the great discoveries I have alluded to, but I am inclined to think that one 
of them comes very near to that standard. The investigations in question are 
those of Ehrlich and of Pawlow. The work of Ehrlich mainly illustrates the useful 
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part played by bold theorising, the work of Pawlow that played by the introduc- 
tion of new and bold methods of experiment. 

I will take Pawlow first. This energetic and original Russian physiologist has 
by his new methods succeeded in throwing an entirely new light on the processes 
of digestion. Ingeniously devised surgical operations have enabied him to obtain 
the various digestive juices in a state of absolute purity and in large quantity. 
Their composition and their actions on the various foodstuffs have thus been ascer- 
tained in a manner never before accomplished; an apparently unfailing resource- 
fulness in devising and adapting experimental methods has enabled him and his 
fellow workers to discover the paths of the various nerve impulses by which secre- 
tion in the alimentary canal is regulated and controlled. The importance of the 
psychical element in the process of digestion has been experimentally verified. If 
i were asked to point out what I considered to be the most important outcome of 
all this painstaking work, I should begin my answer by a number of negatives, and 
would say, not the discovery of the secretory nerves of the stomach or pancreas ; 
not the correct analysis of the gastric juice, nor the fact that the intestinal juice 
has most useful digestive functions; all of these are discoveries of which anyone 
might have been rightly proud; but after all they are more or less isolated facts. 
The main thing that Pawlow has shown is that digestion is not a succession of 
isolated acts, but each one is related to its predecessor and to that which follows 
it; the process of digestion is thus a continuous whole ; for example, the acidity 
of the gastric juice provides for a delivery of pancreatic juice in proper quantity 
into the intestine; the intestinal juice acts upon the pancreatic, and so enables the 
latter to perform its powerful actions. I am afraid this example, as I have tersely 
stated it, presents the subject rather inadequately, but it will serve to show what 
Imean. Further, the composition of the various juices is admirably adjusted to 
the needs of the organism; when there is much proteid to be digested, the proteo- 
lytic activity of the juices secreted is correspondingly high, and the same is true for 
the other constituents of the food. It is such general conclusions as these, the cor- 
relation of isolated facts leading to the formulation of the law that the digestive 
process is continuous in the sense I have indicated and adapted to the needs of the 
work to be done, that constitute the great value of the work from the Russian 
laboratory. Work of this sort is sure to stimulate others to fill in the gaps and 
complete the picture, and already has borne fruit in this direction. it has, for 
instance, in Starling’s hands led to the discovery of a chemical stimulus to pan- 
creatic secretion. This is formed in the intestine as the result of the action of the 
gastric acid, and taken by the blood-stream to the pancreas. Whether this secretin 
as it is called may be one of a group of similar chemical stimuli which operate in 
other parts of the body has still to be found out. 

The other series of researches to which I referred are those of Ehrlich and his 
colleagues and followers on the subject of immunity. This subject is one of such 
importance to every one of us that I am inclined to place the discovery on a level 
with those great discoveries of natural laws to which I alluded at the outset of 
this portion of my Address. I hesitate to do so yet because many of the details 
of the theory still await verification. But up to the present all is working in that 
direction, and Ehrlich’s ideas illustrate the value of bold theorising in the hands of 
clear-sighted and far-seeing individuals. 

But when I say that the doctrine is bold, I do not mean to infer that the 
experimental facts are scanty; they are just the reverse. But in the same way 
that a chemist has never seen an atom, and yet he believes atoms exist, so no one 
has yet ever seen a toxin or antitoxin in a state of purity, and yet we know they 
exist, and this knowledge promises to be of incalculable benefit to suffering 
humanity. 

It may not be uninteresting to state briefly, for the benefit of those to whom 
the subject is new, the main facts and an outline of the theory which is based 
upon them. 

We are all aware that one attack of many infective maladies protects us 
against another attack of the same disease. The person is said to be immune 
either partially or completely against that disease. Vaccination produces in a 
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patient an attack of cowpox or vaccinia. This disease is related to smallpox, and 
some still hold that it is smallpox modified and rendered less malignant by passing 
through the body of a calf. Atany rate an attack of vaccinia renders a person 
immune to smallpox, or variola, for a certain number of years. Vaccination is an 
instance of what is called protective inoculation, which is now practised with 
more or less success in reference to other diseases like plague and typhoid fever. 
The study of immunity has also rendered possible what may be called curative 
imoculation, or the injection of antitoxic material as a cure for diphtheria, tetanus, 
snake poisoning, &c. 

The power the blood possesses of slaying bacteria was first discovered when 
the effort was made to grow various kinds of bacteria in it; it was looked upon 
as probable that blood would prove a suitable soil or medium for this purpose. 
It was found in some instances to have exactly the opposite effect. The chemical 
characters of the substances which kill the bacteria are not fully known; indeed, 
the same is true for most of the substances we have to speak of in this connection. 
Absence of knowledge on this particular point has not, however, prevented 
important discoveries from being made. 

So far as is known at present, the substances in question are proteid in nature. 
The bactericidal powers of blood are destroyed by heating it for an hour to 56° C. 
‘Whether the substances are enzymes is a disputed point. So also is the question 
whether they are derived from the leucocytes; the balance of evidence appears to 
me to be in favour of this view in many cases at any rate, and phagocytosis becomes 
more intelligible if this view is accepted. The substances, whatever be their source 
or their chemical nature, are sometimes called alexins, but the more usual name 
now applied to them is that of dacterto-lysins. A 

Closely allied to the bactericidal power of blood, or blood-serum, is its 
globulicidal power. By this one means that the blood-serum of one animal has 
the power of dissolving the red blood-corpuscles of another species. If the serum 
of one animal is injected into the blood-stream of an animal of another species, the 
result is a destruction of its red corpuscles, which may be so excessive as to lead to 
the passing of the liberated hemogiobin into the urine (hemoglobinuria). The 
substance or substances in the serum that possess this property are called 
hemolysins, and though there is some doubt whether bacterio-lysins and hemo- 
lysins are absolutely identical, there is no doubt that they are closely related 
substances. 

Another interesting chemical point in this connection is the fact that the 
bactericidal power of the blood is closely related to its alkalinity. Increase of 
alkalinity means increase of bactericidal power. Venous blood contains more 
diffusible alkali than arterial blood and is more bactericidal; dropsical effusions 
are more alkaline than normal lymph and kill bacteria more easily. Ina condition 
like diabetes, when the blood is less alkaline than it should be, the susceptibility 
to infectious diseases is increased. Alkalinity is probably beneficial because it 
favours those oxidative processes in the cells of the body which are so essential 
for the maintenance of healthy life. 

Normal blood possesses a certain amount of substanees which are inimical to 
the life of our bacterial foes. But suppose a person gets run down; everyone 
knows he is then liable to ‘catch anything.’ This coincides with a diminution in 
the bactericidal power of his blood. But even a perfectly healthy person has not 
an unlimited supply of bacterio-lysin, and if the bacteria are sufficiently numerous 
he will fall a victim to the disease they produce. Here, however, comes in the 
remarkable part of the defence. In the struggle he will produce more and more 
bacterio-lysin, and if he gets well it means that the bacteria are finally vanquished, 
and his blood remains rich in the particular bacterio-lysin he has produced, and so 
will render him immune to further attacks from that particular species of bacte- 
rium. Every bacterium seems to cause the development of a specific bacterio-lysin. 

Immunity can more conveniently be produced gradually in animals, and this 
applies, not only to the bacteria, but also to the toxins they form. If, for instance, 
the bacilli which produce diphtheria are grown in a suitable medium, they produce 
the diphtheria poison, or toxin, much in the same way that yeast-cells will produce 
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alcohol when grown in a solution of sugar. Diphtheria toxin is associated with 
a proteose, as is also the case with the poison of snake venom. If a certain small 
dose called a ‘lethal dose’ is injected into a guinea-pig the result is death. But 
if the guinea-pig receives a smaller dose it will recover; a few days after it will 
stand a rather larger dose; and this may be continued until after many successive 
gradually increasing doses it will finally stand an amount equal to many lethal 
doses without any ill effects. The gradual introduction of the toxin has called 
forth the production of an antitoxin. If this is done in the horse instead of the 
guinea-pig the production of antitoxin is still more marked, and the serum ob- 
tained from the blood of an immunised horse may be used for injecting into human 
beings suffering from diphtheria, and rapidly cures the disease. The two actions 
of the blood, antitoxic and antibacterial, are frequently associated, but may be 
entirely distinct. 

The antitoxin is also a proteid probably of the nature of a globulin; at any 
rate it is a proteid of larger molecular weight than a proteose. This suggests a 
practical point. In the case of snake-bite the poison gets into the blood rapidly 
owing to the comparative ease with which it diffuses, and so it is quickly 
carried all over the body. In treatment with the antitoxin or antivenin, speed is 
everything if life is to be saved; injection of this material under the skin is not 
much good, for the diffusion into the blood is too slow. It should be injected 
straight away into a blood-vessel. 

There is no doubt that in these cases the antitoxin neutralises the toxin much 
in the same way that an acid neutralises an alkali. If the toxin and antitoxin 
are mixed in a test-tube, and time allowed for the interaction to oceur, the result 
is an innocuous mixture. The toxin, however, is merely neutralised, not destroyed ; 
for if the mixture in the test-tube is heated to 68° C, the antitoxin is coagulated 
and destroyed and the toxin remains as poisonous as ever. 

Immunity is distinguished into active and passive. Active immunity is pro- 
duced by the development of protective substances in the body ; passive immunity 
by the injection of a protective serum. Of the two the former is the more 
permanent. 

Ricin, the poisonous proteid of castor-oil seeds, and abrin, that of the Jequirity 
bean, also produce when gradually given to animals an immunity, due to the pro- 
duction of antiricin and antiabrin respectively. 

Ehrlich’s hypothesis to explain such facts is usually spoken of as the side-chain 
theory of immunity. He considers that the toxins are capable of uniting with the 
protoplasm of living cells by possessing groups of atoms hke those by which nutri- 
tive proteids are united to cells during normal assimilation. He terms these 
haptophor groups, and the groups to which these are attached in the cells he 
terms receptor groups. The introduction of a toxin stimulates an excessive pro- 
duction of receptors, which are finally thrown out into the circulation, and tbe 
free circulating receptors constitute the antitoxin. The comparison cf the process 
to assimilation is justified by the fact that non-toxic substances like milk intro- 
duced gradually by successive doses into the blood-stream cause the formation of 
aati-substances capable of coagulating them. 

Up to this point I have spoken only of the blood, but month by month workers 
are bringing forward evidence to show that other cells of the body may by similar 
measures be rendered capable of producing a corresponding protective mechanism. 

One further development of the theory I must mention. At least two different 
substances are necessary to render a serum bactericidal or globulicidal. The 
bacterio-lysin or hemolysin consists of these two substances. One of these is 
called the zmmune body, the other the complement. We may illustrate the use of 
these terms by an example. The repeated injection of the blood of one animal 
(e.g., the goat) into the blood of another animal (e.g., a sheep) after a time renders 
the latter animal immune to further injections, and at the same time causes the 
production of a serum which dissolves readily the red blood-corpuscles of the first 
animal. The sheep’s serum is thus hemolytic towards goat’s blood-corpuscles. 
This power is destroyed by heating to 56° C. for half an hour, but returns when 
fresh goat’s serum is added, The specific immunising substance formed in the 


TRANSACTIONS OF SECTION I. 779 


sheep is called the immune body; the ferment-like substance destroyed by heat is 
the complement. The latter is not specific, since it is furnished by the blood of 
non-immunised animals, but it is nevertheless essential for hemolysis. Ehrlich 
believes that the immune body has two side groups—one which connects 
with the receptor of the red corpuscles and one which unites with the hapto- 
phor group of the complement, and thus renders possible the ferment-like action 
of the complement on the red corpuscles. Various antibacterial serums which 
have not been the success in treating disease they were expected to be are probably 
too poor in complement, though they may contain plenty of the immune body. 

Quite distinct from the bactericidal, globulicidal, and antitoxic properties of 
blood is its agglutinating action. This is another result of infection with 
many kinds of bacteria or their toxins. The blood acquires the property of 
rendering immobile and clumping together the specific bacteria used in the infec- 
tion. The test applied to the blood in cases of typhoid fever, and generally called 
Widal’s reaction, depends on this fact. 

The substances that produce this effect are called agglutinins. They also are 
probably proteid-like in nature, but are more resistent to heat than the lysins. 
Prolonged heating to over 60° C. is necessary to destroy their activity. 

2Lastly, we come to a question which more directly appeals to the physiologist 
than the preceding, because experiments in relation to immunity have furnished 
us with what has hitherto been lacking, a means of distinguishing human blood 
from the blood of other animals. 

The discovery was made by Tchistovitch (1899), and his original experiment 
was as follows :— Rabbits, dogs, goats, and guinea-pigs were inoculated with eel- 
serum, which is toxic: he thereby obtained from these animals an antitoxic serum. 
But the serum was not only antitoxic, but produced a precipitate when added to eel- 
serum, but not when added to the serum of any otheranimal. In other words, not 
only has a specific antitoxin been produced, but also a specific precipitin. Numerous 
observers have since found that this is a general rule throughout the animal king- 
dom, including man. If, for instance, a rabbit is treated with human blood, the 
serum ultimately obtained from the rabbit contains a specific precipitin for human 
blood; that is to say, a precipitate is formed on adding such a rabbit’s serum to 
human blood, but not when added to the blood of any other animal.!_ The great 
value of the test is its delicacy : it will detect the specific blood when it is greatly 
diluted, after it has been dried for weeks, or even when it is mixed with the 
blood of other animals. 

T have entered into this subject at some length because it so admirably illus- 
trates the kind of research which is now in progress; it is also of interest to others 
than mere physiologists. I have not by any means exhausted the subject, but for 
fear I may exhaust my audience let me hasten to a conclusion. I began by 
eulogising the progress of the branch of science on which I have elected to speak 
to you. Let me conclude with a word of warning on the danger of over- 
specialisation. The ultra-specialist is apt to become narrow, to confine 
himself so closely to his own groove that he forgets to notice what is occurring 
in the parallel and intercrossing grooves of others. But those who devote them- 
selves to the chemical side of physiology run but little danger of this evil. The 
subject-cannot be studied apart from other branches of physiolegy, so closely are 
both branches and roots intertwined. As an illustration of this may I be permitted 
to speak of some of my own work? During the past few years the energies of 
my laboratory have been devoted to investigations on the chemical side of 
nervous activity, and I have had the advantage of co-operating to this end with 
a number of investigators, of whom I may particularly mention Dr. Mott and 
Dr. T. G. Brodie. But we soon found that any narrow investigation of the chemical 
properties of nervous matter and the changes this undergoes during life and after 
death was impossible. Our work extended in a pathological direction so as to 
inyestigate the matter in the brains of those suffering from nervous disease ; it 


? There may be a slight reaction with the blood of allied animals; for instance, 
with monkey’s blood in the case of man. 
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extended in a histological direction so as to determine the chemical meaning of 
various staining reactions presented by normal and abnormal structures in the 
brain and spinal cord; it extended in an experimental direction in the elucida- 
tion of the phenomena of fatigue, and to ascertain whether there was any differ- 
ence in medullated and non-medullated nerve fibres in this respect ; it extended into 
what one may call a pharmacological direction in the investigation of the action 
of the poisonous products of the breakdown of nervous tissues. I think I have 
said enough to show you how intimate are the connections of the chemical with 
the other aspects of physiology, and although I have given you but one instance, 
that which is freshest to my mind, the same could be said for almost any other 
well-planned piece of research work of a bio-chemical nature. 

We have now before us the real work of the Section, the reading, hearing, and 
seeing the researches which will be brought forward by members of the Associa- 
tion, and I must, in thanking you for your attention, apologise for the length of 
time I have kept you from these more important matters. 


The following Papers were read :— 


1. The Hydrolysis of Glycogen. 
By W. A. Osporne, D.Sc., and S. ZoBet, 


2. On the Innervation and Movements of the Stomach. 
By W. Pace May, M.D. 


3. The Functions of the Rods and Cones of the Retina. 
By F. W. Epripce-Green, WD. 


FRIDAY, SEPTEMBER 12. 
The following Papers were read :— 


1. On the Diuretic Action of Pituitary Extracts. 
By Professor E. A. Scuirer, /.R.S. 


2. On the Relative Effects of Section of the Pyramidal Tracts and Anterior 
Columms in the Monkey. By Professor E. A. Scuirer, F.2.S, 


The experiments show that section either of the pyramidal tracts in the 
medulla oblongata or of the anterior columns of the spinal cord is followed by 
paralysis of voluntary motion in the parts of the body below the section. Since 
the descending fibres of the anterior columns are in the main derived from the 
cells of Deiters’ nucleus in the medulla oblongata, and Deiters’ nucleus is, on the 
other hand, related to the part of the auditory nerve which is connected to the 
semicircular canals, and since further destruction of the semicircular canals has 
been proved to be followed by loss of tone of the muscles of the body, it seems 
probable that the effect of section of the anterior columns in causing paralysis is 
also due to loss of tone, in the same way that section of the posterior roots of the 
nerves supplying a limb may cause voluntary paralysis of the muscles of that 
limb by producing loss of tone in the motor nerve cells. 
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3. A Case of Paralysis of Convergence. 
By Cyrin Saaw, ILD. 


4, Determination of the Least Perceptible Tone-difference among the People 
of the Torres Straits and of Scotland. By C.S. Myers, W.A., ID.} 


5. Some new Features in the Intimate Structure of the Human Cerebral 
Cortex. By Joun Turner, 1/.B. 


I. The new features referred to are :— 


(1) A beaded network enveloping the pyramidal cells of the cortex and their 
dendrites, which although it has been seen in animals by intra-vitam staining has 
not before been demonstrated in human beings. 

(2) An intercellular plexus of nerve-fibrils which has, I believe, not before 
been actually demonstrated. The method employed consists in staining pieces of 
brain tissue in a mixture of methylene blue and peroxide of hydrogen direct on 
their removal from the body, ¢.e., without previous hardening or fixing. The 
tissue is subsequently fixed in solution of molybdate of ammonia, dehydrated, 
and cut in paraffin. 


II. The points dealt with are :— 


(1) The pericellular network. 

(2) The differentiation of the cells into pale and dark varieties. 

(3) The origin of the network from the dendrites of the dark cells, 
(4) The junction of collaterals also with the network. 

(5) The intercellular plexus of fine fibrils, 


1. The Network.—It is shown to envelope the body and the protoplasmic 
process of the pale or pyramidal system of cells, and it is not a closed structure 
roceeding from the arborisation of a single fibre, but shows numerous delicate 
brils passing to it on all sides; and as these can be shown to proceed from 
different cells, it follows that such cells must be in organic continuity with each 
other. The beads on the network appear to form the nodal points for the 
meshes, 

It is suggested that the appearance of ‘ thorns’ on the protoplasmic processes 
of the pyramidal cells shown by Golgi’s method is really an artefact, caused by a 
deposition of the silver about the little tags which pass off nearly at right angles 
from the heads of the network, both from the cell-body and its dendrites. 

2. The Differentiation of the Cells into Pale and Dark Varieties.—The 
pyramidal cells are very lightly stained, and as a rule their processes cannot be 
followed far; other cells and their processes are very darkly stained, almost 
black in many cases. 

This division of cells is also maintained in the cerebellar cortex, where the 
antler cells are pale and the basket and small cortical cells are dark. 

There are other distinctions;which mark off the two varieties, eg., the dark 
cells, unlike the pyramidal, show no definite orientation: they are of various shapes 
and sizes, but are generally small and most often oval or polygonalin shape; they 
occur scattered about throughout the cortex, at least from the second to the fourth 
layers inclusive, but are most numerous, roughly speaking, about the junction of 
the outer and middle thirds of the cortex, and more numerous in the frontal and 
occipital regions than in the so-called motor (ascending frontal); some of them 
have ascending axis cylinders (Martmotti’s cells), others have descending. 

3. The dendrites of the dark cells branch into delicate-beaded fibrils, and it can 
be as ag that these are directly united to and in fact form the pericellular 
network, 
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These delicate-beaded branches and also fine-headed branches, which come off 
in great numbers from the coarser branches (giving them a shaggy appearance), 
form the intercellular plexus. 

4, Collaterals given off from the axis cylinders, probably of pyramidal cells, 
can also be demonstrated to join to the network. 

5. The Intercellular Plevus.—This consists of a dense mass of extremely fine- 
beaded fibrils intersecting each other in all directions, but probably not joining at 
the intersections. 

It can be demonstrated to proceed from the dendrites of the dark cells and to 
pass to the pericellular network. In fact the network is merely an extension of 
the plexus, but apparently except at this network the individual fibres which 
meet together on all sides to form it do not join but merely overlap. 

This plexus differs essentially from those conceived by (but never demonstrated) 
Gerlach, Golgi, or Nevil, inasmuch as it is not a derivative from the protoplasmic 
processes of the pyramidal cells and is only indirectly concerned with these cells 
by means of the junctions of the collaterals already referred to, and which 
probably are given off from the axis cylinders of the pyramidal cells. 


Conclusion. 


The above observations show :— 


(1) That there is a system of cortical nerve-cells which, by means of their 
protoplasmic processes, are in organic continuity, through the medium of a peri- 
cellular network which envelopes the pyramidal cells. 

(2) That collaterals, arising in all probability from the axes cylinders of the 
pyramidal cells, also join on to this network. 

(3) And that therefore practically all the nerve-cells of the cortex are in 
organic continuity. 

(4) It is suggested that the difference in staining, shape, &c., of the two 
varieties of cells implies a corresponding difference in function, and as we have 
good ground for associating the pyramidal cells with motor functions, that the 
dark cells are associated with sensory functions—in other words that they are 
bearers and distributors of afferent stimuli, and that by this method, therefore, 
we have a means of showing where ingoing currents end and where outgoing 
currents are initiated. 

(5) But if the dark cells are bearers of afferent stimuli this further implies 
that nerve-currents do not invariably flow in one direction—viz., from the dendrites 
to the cell and from the cell out by way of the axis cylinder, a view very generally 
held—but that in some cases it flows into the cell by the axis cylinder and out by 
the dendrites. 


6. The Nervous System of the Camel. 
By W. Pace May, M.D. 


7. Regeneration of Nerves. 
By W. D. Hauuurton, .D., F.R.S., and F. W. Mort, ID., FBS. 


Some experiments which we performed on the nerves of cats, and which had 
for their object the study of the process of degeneration in nerve-fibres, have led 
us during the past year to take up the related question of regeneration. 

From the microscopic study of the distal portions of divided nerve-trunks we 
arrived at the conclusion that the activity of the neurilemmal cells has some rela- 
tion to the development of the new nerve-fibres. These cells elongate and become 
connected end to end, and thus lead to the formation of what look like embryonic 
nerve-fibres. 

Those who have worked at the regeneration of nerve-fibres may be divided into 
two schools: those who believe that the new fibres sprout out from the central 
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stump of the divided nerve, and those who consider that the new fibres have a 
peripheral origin. Those who hold the latter view rely almost exclusively om 
histological evidence; a strand that looks like a nerve-fibre to the microscope 
cannot be a nerve-fibre unless it is shown experimentally by stimulation to be both 
excitable and capable of conducting nerve-impulses. Among recent writers, 
Howell and Huber, who have used both histological and experimental methods, 
have arrived at the conclusion that although the peripheral structures are active 
in preparing the scaffolding, the axis cylinder, the essential portion of a nerve- 
fibre, pe an exclusively central origin. Our experiments, which have been made 
on monkeys, are at present incomplete, and this communication must therefore be 
regarded as only of a preliminary nature. But so far as we have gone at present 
our conclusions tend to confirm those of Howell and Huber. 

One experiment which we have done was suggested to us by Professor Gotch, 
and the result was very striking. A large nerve was divided and the ends sutured 
together. After a sufficient length of time had passed, restoration of function led 
us to suppose that regeneration had occurred. The nerve was exposed; the uniom 
of the two ends was found to have been accomplished, and the nerve was excitable 
below and above the junction. A piece of the nerve was then excised a little 
distance below the junction, and on histological examination of this, new nerve- 
fibres were discovered in it, After this second operation the wound was closed 
up and the animal allowed to live for ten days longer. It was then killed, 
and the nerve both above and below the second cut examined; no degenera- 
tion was found in the nerve-fibres above the lesion, but there was distinct evidence 
of the degenerative process in the fibres of the peripheral end, which was quite 
inexcitable. This showed us that the degeneration process which followed the 
direction of growth had occurred in a peripheral direction only, and is a strong 
piece of evidence that growth had not started from the periphery centralwards, or 
at any rate that the direction of nutritive control is from the centre towards the 
periphery. 

Other experiments which we have done illustrate the important influence of 
stimulus in the regenerative process. A monkey’s arm was rendered immobile by 
the division of a number of the upper posterior roots. The anterior cornual cells. 
from which the motor-fibres originate are thus not subjected to stimuli from the- 
periphery, and the arm is as much paralysed as if the anterior roots had been cut. 
Warrington has already shown that under these circumstances the anterior horm 
cells undergo the chromatolytic change which is associated with inactivity. A 
large nerve in the arm (ulnar or median) was then divided, and the same nerve: 
was divided on the non-paralysed side as a control experiment. The animal was 
finally killed; the interval between the operation and death varied in different 
experiments. We have already found that if sufficient time had elapsed, union of 
the divided ends occurred on both sides of the body, but on the side corre- 
sponding to that on which the posterior roots had been divided the nerve was either 
inexcitable or required very strong Faradic stimulation to make it respond ; 
histologically the nerve showed a much looser texture, and new nerve-fibres 
though present were less numerous than on the control side, where the microscope 
revealed that regeneration had occurred in the usual way, and the new nerve- 
fibres responded to stimuli readily. This tends to show the importance of stimulus 
to the reparative process. 


SATURDAY, SEPTEMBER 13. 


The Section did not meet. 
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MONDAY, SEPTEMBER 15. 
The following Papers and Reports were read :— 


1. The Estimation of Urea in Physiological Fluids. 
By J. Barcrort, M.A., B.Sc. 


bo 


. Demonstration of Edinger’s Apparatus for Higher Magnifications and 
Stronger Light. By Professor Symincton, J2.D., and Cxcit Suaw, 
M_D. 


3. The Pigments of Ox Bile. By W. A. Osporne, D.Sc. 


4, The Indefatigability of Medullated Nerve. 
By Professor F. Goren, F.R.S. 


5. Report on the Work of the Mammalian Heart.—See Reports, 470. 


6. Report on the Micro-chemistry of Cells.—See Reports, p. 470. 
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Section K.—BOTANY., 


PRESIDENT OF THE SectiIoN—Professor J. Reyno~ps GREEN, M.A., Se.D., F.R.S. 


THURSDAY, SEPTEMBER 11. 


The President delivered the following Address :— 


Tue visits of the British Association to a particular city recur with a certaim 
irregular frequency and bring with them a temptation to the President of a Section 
to dwell in his opening Address on the progress made in the science associated 
with that Section during the interval between such consecutive visits. This 
course possesses a certain fascination of its own, for it enables us to realise how 
far the patient investigations of years have ultimately led to definite advances in 
knowledge and to appreciate the difficulties that have involved disappointments, 
and that still have to be surmounted. We like to look back upon the struggles, 
to record the triumphs, to deplore the failures, and to brace ourselves for new 
efforts. The opportunity afforded hereby for criticism of methods, for reconsidera- 
tion of what have been held to be fundamental principles, for the laying down of 
new lines of work based upon longer experience, shows us how desirable such a 
periodical retrospect may be. 

Standing as we do almost at the threshold of a new century, it seems particu- 
larly advisable that we shall occupy our thoughts with some such considerations 
to-day. Ido not wish, however, so much to dwell upon the past and to lead 
my hearers to rest in any way satisfied with the achievements of the last 
century, phenomenal as they have been, as to direct attention to the future and 
to place before you some of those problems which at the opening of the twentieth 
century we find awaiting investigation, if not solution, 

I can only attempt to deal with a small portion of the botanical field. These 
are the days of specialisation, and when anyone is said to be a botanist, the 
question which arises at once is, Which particular section of botany is he 
associated with? The same principle of subdivision which cut up the old subject 
of Natural History into Zoology, Botany, and Geology has now gone further as 
knowledge has increased, and three or perhaps four departments of botany must 
be recognised, each demanding as much study as the whole subject seemed to 
only fifty years ago. I shall therefore confine my remarks to-day to the field of 
vegetable physiology. 

I should like at the outset to recommend this section of botanical work to 
those of the younger school of botanists who are contemplating original research. 
To my mind the possibilities of the living organism as such present a fascination 
which is not afforded by the dry bones of morphology or histology ; valuable as 
researches into the latter are, they seem to me to derive their importance very 
largely from the past, from the possibility of indicating or ascertaining the line 
of descent of living forms and the relation of the latter to their remote ancestors. 
The interest thus excited seems to me to be rather of an academic character 
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when compared with the actual problems of present-day life, its struggles, 
triumphs, and defeats in the conflict for existence waged to-day by every living 
organism. The importance of the study of physiology as bearing upon the 
problems of the morphologists has, I need hardly say, been fully recognised by 
the workers in that field. I may quote here a sentence or two from the Address 
of one of my distinguished predecessors, who said at Liverpool, ‘ There is a close 
relation between these two branches of biology, at any rate to those who 
maintain the Darwinian position, for from that point of view we see that all the 
characters which the morphologist has to compare are, or have been, adaptive. 
Hence it is impossible for the morphologist to ignore the functions of those 
organs of which he is stadying the homologies. To those who accept the origin 
of species by variation and natural selection there are no such things as morpho- 
logical characters pure and simple. There are not two distinct categories of 
characters—a morphological and a physiological category—for all characters 
alike are physiological,’ 

But apart from the considerations of the claims of vegetable physiology based 
upon its own intrinsic scientific value and the interest which its problems possess 
for the worker himself, and upon the place accorded to it as its relationship to 
morphology, it must, I think, be recognised as being of fundamental economic 
importance, especially in these times of agricultural depression. For many years 
now it has been recognised that agriculture is based upon science; that it 
involves indeed properly the application of scientific principles to the cultivation 
of the soil. But when we look back upon what has passed for agricultural 
science since the alliance between the two has been admitted, we cannot but 
recognise how lamentably deficient in breadth it has been. The chemical 
composition of the soil and subsoil has been investigated with some thoroughness 
in many districts of the country. The effect of its various constituents on the 
weight and quality of the crops cultivated in it has been exhaustively inquired 
into, and a considerable amount of information as to what minerals are advan- 
tageously applied to the soil in which particular plants are to be sown has been 
acquired. A kind of empirical knowledge is thus in our possession, in some 
respects a very detailed one, quantitative as well as qualitative records being 
available to the inquirer. But elaborate as have been the researches in these 
directions, and costly and troublesome as the investigations have been, they have 
been hardly, if at all, more than empirical. Till quite recently the physiological 
idiosyncrasies of the plants round which all these inquiries centred were almost 
entirely ignored. No serious attempt was made to ascertain the way in which a 
plant benefited by or suffered from the presence of a particular constituent of the 
soil. What influence, for instance, has potassium or any of its compounds upon 
the general metabolism of the plant? Does it affect all its normal nutritive 
processes, or does it specially associate itself with some particular one? If so 
which one, and how does the plant respond to its presence or absence by modifying 
its behaviour? So with phosphorus again; hardly any investigation can be 
made into the nutritive processes of a plant without this element becoming more 
or less prominent. In some cases the empirical results already referred to show 
an enormous influence on the crop exerted by soluble phosphates in the soil or 
the manure applied to it. But what can yet be said as to the réle played by 
phosphorus or by phosphates in the metabolic processes in the plant? Further, 
how do different plants show different peculiarities in their reactions to these 
various constituents of the soil? For the advance of agriculture the study of the 
le itself must now be added to the study of the soil. The fact that it is a 
iving organism possessing a certain variable and delicate constitution, responding 
in particular ways to differences of environment, capable of adapting itself to a 
zertain extent to its conditions of life, dealing in particular ways with different 
nutritive substances, must not only be recognised, but must be the basis for the 
researches of the future, which will thus supplement and enlarge the conclusions 
derived from those of the past, in some respects correcting them, in others esta- 
blishing them on a firmer basis. 

In pressing upon the younger school of botanists the importance of this 
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line of research, I do not wish to minimise the difficulties that accompany it, 
Difficulties of method assume considerable magnitude, for we have here no question 
of section cutting and microscopic examination. Vegetable physiology is allied very 
closely to other sciences, and research into its mysteries involves more than a 
preliminary acquaintance with them. Especially must one point out the im- 
portance, indeed the necessity, of acquaintance with a certain range of organic 
chemistry and with chemical methods of work. In certain directions, too, physics 
are as much involved as chemistry in others. The bearing of these sciences in 
particular directions will be referred to later. 

I fear another obstacle stands at the threshold of research which looks suf& 
ficiently formidable. The so-called fundamental facts of vegetable physiology 
have been laid down with sutficient dogmatism in text-books by many writers 
whose names carry with them such weight that it appears almost heresy to question 
their statements. We have been content to accept many things on the authority 
of the great workers of the past, with the result that the advance of knowledge 
haz been hindered by such acceptance of what were deemed facts, but were 
really inaccuracies. We may refer, for instance, to the statement made by Boussin- 
gault, and accepted by most botanists ever since his time, that the absorption of 
carbon dioxide from the air takes place by means of solution in the cuticle of the 
epidermal cells of plants and thence passes by diffusion to the seats of photosynthesis. 
Only comparatively recently has this been shown to be erroneous. If, however, 
it is once recognised that authority is fallible this apparent obstacle becomes the 
opposite. The more evident questions have not yet been solved, leaving only 
the more difficult ones for the present-day worker. 

Recognising the importance of work in this field, and realising that with the 
advent of a new century new departures must be taken, I have thought I might 
venture to direct the thoughts of my hearers, many of whom I may call my 
colleagues, to the present position of certain problems which have long been the 
subjects of speculation and which offer the prospect, if not of complete solution, at 
any rate of considerable advance if investigated by modern methods. 

I turn first to a few questions connected with the nutritive problems of plants 
in general, 

There are several theories abroad as to the progress of events during photo- 
synthesis, none of which can be regarded as entirely satisfactory. For many 
reasons it seems desirable that this question shall be thoroughly investigated in 
the light of the present condition of both chemical and physical science. I may 
perhaps venture to recall to you the principal hypotheses of carbohydrate forma- 
tion which have been advanced, so that its present position may be properly 
appreciated. 

The view that has met with the widest acceptance is that of Baeyer. On his 
hypothesis the carbon dioxide absorbed is decomposed under normal conditions to 
yield carbon monoxide and oxygen ; a corresponding and coincident decomposition 
of water leads to the production of free hydrogen and oxygen. ‘The oxygen from 
both sources is exhaled, while the carbon monoxide and hydrogen combine to form 
formaldehyde. The formaldehyde gives rise by a process of polymerisation to 
some form of sugar. 

A modification of this hypothesis has been advanced, which suggests that the 
preliminary decomposition of the carbon dioxide and the water may not. take 
place, but that by a rather less violent reaction between them the formaldehyde 
may be formed and the oxygen liberated. 

Erlenmeyer has suggested a somewhat different course of reaction, yielding 
substantially the same results. He thinks it possible that the first interaction of 
carbon dioxide and water leads to the formation of formic acid and hydrogen 
peroxide, and that these subsequently interact with each other, yielding form- 
aldehyde and water and giving off oxygen. 

Many years after the views of Baeyer appeared, a hypothesis of a different 
nature was proposed by Crato, He suggests that the carbon dioxide after 
absorption becomes ortho-carbonic acid, and that this remains in solution in the 
cell sap. This acid has the structure of a closed benzene ring in which six 
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molecules are linked together. This becomes decomposed, liberating six molecules 
of water and six molecules of oxygen, and forming a hexavalent phenol which 
subsequently undergoes a molecular rearrangement and becomes glucose. 

Yet another suggestion was made by Bach in 1893. He points out that when 
sulphurous acid is exposed to light it becomes transformed to sulphuric acid, 
sulphur and water being split off, and he argues that a process analogous with 
this may take place in a leaf. The carbon dioxide uniting with water would form 
carbonic acid, and this might then split up in the same way as the sulphurous 
acid. The carbon and the water thus split off are on this hypothesis not set free 
separately, but in combination as formaldehyde. The higher carbon acid, to which 
Bach ascribes the formula H,CO,, splits up into carbon dioxide and hydrogen 
peroxide, and the latter is decomposed into water and free oxygen. 

Lieben has still more recently put forward the view that formic acid and not 
formaldehyde is formed by the first decompositions. He has found that leaves of 
grasses and various trees yield formic acid among other products when mixed with 
their own weight of water containing a trace of sulphuric acid, and distilled with 
steam. Moreover, when carbon dioxide is acted upon by nascent hydrogen the 
only product is formic acid. 

These speculations afford many points which might be well made the starting 
places of research. The views of Baeyer have met with most acceptance, though 
but little success has attended the few efforts that have been made to establish 
them by experiment. 

They involve several definite stages of action, of which the most important 
seem the production of carbon monoxide and hydrogen, the formation of form- 
aldehyde, and the construction of a sugar. The last two questions arise also in 
connection with the hypothesis of Bach. 

If we examine the work that has been published bearing on the probability of 
the formation of carbon monoxide in the plant we find little that is satisfactory. 
The statements that have been made are opposed to the idea that carbon monoxide 
is of value in nutrition; it is said that when supplied to a plant instead of carbon 
dioxide it does not lead to the formation of carbohydrates. It is further advanced 
that this gas is of a very deleterious nature, and if formed would result in the 
speedy death of the protoplasm of the cell in which it originates. This idea is, of 
course, specious; but it does not appear to be well founded. The deadly character 
of carbon monoxide when inhaled by a human being depends upon a peculiar 
interference which it causes with the oxygen-carrying power of the red blood 
corpuscles. The pigment hemoglobin to which these little bodies owe their use- 
fulness forms a loose chemical combination with oxygen, the compound being 
formed in the blood vessels of the lungs and being decomposed with the liberation 
of the oxygen in those of the tissues of the body. It is evident, therefore, that the 
value of the corpuscles as oxygen-carriers depends upon their hemoglobin. When 
this pigment is exposed to carbon monoxide it combines with it in the same way as 
it does with oxygen, forming, however, a more stable compound. The affinity for 
this gas which the pigment manifests is very considerable. Hence the poisonous 
nature of carbon monoxide. It is easily seen that the latter is a poison because it 
throws out of gear and temporarily paralyses a most essential part of the mechanism 
of respiration, effectually preventing oxygen from reaching the tissues of the body. 
There is no evidence here that it exerts even a deleterious influence upon the living 
substance itself. The only poisonous effect it would be able to exert on the plant 
would necessarily be of the latter character, for there is no oxygen-carrying 
mechanism that could be interfered with. We cannot lay any stress, therefore, on 
the objection to Baeyer’s view, based upon the action of carbon monoxide upon 
the human organism. 

Another possibility may, however, be mentioned. As we shall see later, there 
are certain resemblances between hemoglobin and chlorophyll, the vegetable 
pigment concerned in photosynthesis. May not carbon monoxide enter into some 
relationship with the latter, and thereby indirectly hinder its activity? Of that, 
however, there is no reliable evidence, the facts known to us rather pointing in the 
opposite direction. 
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The idea of the poisonous nature of this gas may easily be subjected to experi- 
mental examination. It would appear easy to expose a plant to an artificial 
atmosphere made up to different partial pressures of carbon monoxide, to expose 
it in such atmospheres to various conditions of warmth and illumination and to 
note the effect produced. It would scem possible to examine a great variety of 
plants in that way, to try both aérial and aquatic forms, and indeed to test the 
matter exhaustively. It must be borne in mind, however, that the solubility of 
carbon monoxide in water is extremely small, and that there may be a great 
difficulty in getting it brought within the scope of the influence of the living 
substance on that account. It must necessarily be in solution in the cell sap before 
it can affect the activity of the chloroplast. Even the relations of solubility are 
not, however, outside the range of experiment, and it may be that the slightly acid 
ell sap has not the same peculiarities as water as a solvent for the gas. 

It is important again to take into account in such work the factor of sunlight, 
on which the power of photosynthesis depends. Should carbon monoxide prove 
capable of serving as a basis for the formation of carbohydrates, the question 
would arise, Is the activity of the chlorophyll in sunlight confined to the 
preliminary formation of carbon monoxide from the dioxide, or is the energy 
derived from the light brought to bear upon the subsequent constructive pro- 
cesses? We have little or no accurate information as to the way in which the 
energy is utilised after absorption by the chlorophyll. 

This opens up a very important but very difficult line of work, which brings 
home to us the intimate dependence of vegetable physiology upon physics. The 
absorption of energy from without, in the form of the radiant energy of the solar 
rays, is certainly a fact, and to a certain extent we can picture to ourselves the way 
in which it is secured. The spectrum of chlorophyll shows us a number of 
absorption bands whose position corresponds with the position in the spectrum of 
the places where oxygen is liberated in photosynthesis. But the transformation 
and applications of energy in the body of the vegetable organism need much closer 
examination. The intimate relationship between the different manifestations or 
forms of energy and the ways in which they can be transformed into one another 
have been very minutely scrutinised in recent times. What then should hinder 
us from learning something much more definite than we at present know about 
these transformations in the réle of vegetable life? The electrical phenomena 
connected with the movements of the leaves of the Venus’s fly-trap (Dionea 
muscipula) have been examined with considerable completeness by Burdon 
Sanderson, and we have learned that the vegetable and animal organisms show 
considerable similarities in this respect. Recently again Bose has made important 
contributions to the subject of the electrical responses to stimulation that can be 
observed under particular conditions, A promising beginning has thus been made, 
but only a beginning. The electrical condition of the normal plant under different 
conditions of rest and activity has still to be investigated. 1f we return to the 
subject of photosynthesis and the work done by the chloroplast, may we not hope 
to discover something about the transformation and utilisation of the radiant 
energy associated somehow with this structure? Considering the relations 
between the manifestations of energy which we appreciate respectively as light and 
electricity, it does not seem wildly improbable to imagine that the energy 
absorbed as the former may lead to a possible electrolysis of carbonic acid under 
the influence of the chloroplast, with the formation of carbon monoxide and 
oxygen. Pfeffer has sugeested that perhaps the decomposition of the gas is not 
due to the light rays at all, and that they may exercise only a stimulating influ- 
ence upon the chloroplast, the energy concerned being derived from heat rays 
directly absorbed, or heat vibrations derived from the more rapidly vibrating 
light rays. In this case is the decomposition brought about directly by the heat 
vibrations, or have we a transmutation into some other form of energy? The 
whole subject seems at all events a promising subject for inquiry. 

Another problem connected with the action of chlorophyll is associated with 
the absorption of radiant energy by the different regions of the spectrum. Bands 
of considerable intensity are noticeable in the blue and violet, though the deepest 
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absorption takes place in the red. Yet Engelmann’s classic bacterium method 
shows us that very little evolution of oxygen takes place in the position of these 
bands in the blue and violet. The fact that absorption of radiant energy and 
photosynthetic activity show no quantitative relationship is of course not new, but 
the reason remains still to be discovered. Van Tieghem has suggested an explana- 
tion which recalls to us the hypothesis advanced by Pfeffer, just alluded to. his 
explanation is that there are two factors concerned in the action of chlorophyll, 
the elective absorption of light, shown by the occurrence of the absorption bands. 
in the spectrum, and the calorific energy of the absorbed radiations. The failure 
of the rays of the blue and violet to ettect photosynthesis, in spite of their absorp- 
tion, would on this view be attributable to their possessing but little calorific 
energy. The latter is associated much more strongly with the deep band in the 
red, which is the seat of the maximum evolution of oxygen when the spectrum is 
thrown upon a collection of active chloroplasts. The heating rays alone are 
ineffectual, as shown by the fact that there is no liberation of oxygen in the region 
of the infra-red, due no doubt to the fact that chlorophyll does not absorb these 
rays. 

Timiriazeff, in his classical researches on the liberation of oxygen by the leaves 
of the bamboo when exposed in tubes of small calibre to a large spectrum, found 
that the amount of carbon dioxide decomposed by leaves is proportional to the 
distribution of effective calorific energy in the spectrum, 

Van Tieghem’s hypothesis that this is a matter of calorific energy may prove 
to be erroneous, and yet his views may rest on some sound basis. It may be a 
matter in which electrical rather than calorific energy may be concerned. 

Returning now to the chemical steps demanded by Baeyer’s hypothesis there 
are certain considerations which may be urged in favour of the view that carbon 
monoxide really occurs in photosynthesis. It has been ascertained by Norman 
Collie that when a mixture uf gases containing a large proportion of carbon 
dioxide is exposed at low pressures in a vacuum tube to the action of an electric 
discharge from an induction coil there is a very large formation of the monoxide, 
together with oxygen, in some cases as much as 70 per cent. of the gas, under- 
going decomposition. 

Appealing to the experience of various observers there seems on the whole to 
be a balance of evidence in favour of the power of plants to live and prosper 
in an atmosphere containing a very considerable percentage of carbon monoxide. 

The question of the possibility of the latter replacing the dioxide, as the 
theory appears to require, is complicated very seriously by the differences of 
solubility between them. Carbon dioxide dissolves very readily in water and in 
cell sap ; carbon monoxide is almost insoluble in either. As the amount of a gas 
taken up by a solvent depends not only on its solubility, but upon its partial 
pressure, it is very evident that we cannot compare the two gases by admitting 
the same quantity of both to plants under simultaneous comparison. It is only 
necessary to supply the dioxide in the proportion of four parts in 10,000; but the 
almost insoluble nature of the monoxide makes it inevitable that from two to five 
per cent. shall be experimented with. The same question of solubility makes it. 
almost out of the question to experiment with an aquatic plant. 

It would be of considerable interest from this point of view also to inquire 
whether if carbon monoxide is liberated at the outset of the photosynthetic pro- 
cesses its combination with other groupings can take place apart from the action 
of chlorophyll. If so the fungi should be capable of carbohydrate construction 
if supplied under proper conditions with the monoxide and with hydrogen. The 
proper conditions, however, might be extremely difficult to establish. 

The next stage in the constructive processs affords still ample room for 
investigation. The presence of formaldehyde is not the bypothesis of Baeyer 
alone, but is demanded according to Bach’s views, though the stages of its hypo- 
thetical construction are not the same. We have therefore to ask whether form- 
aldehyde can be detected in plants, and if so whether the conditions under which it 
may exist admit of its being considered an up-grade product in photosynthesis. 
Objections to the theory of its formation may be advanced based upon its un- 
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doubtedly poisonous nature, Of all the antiseptics now available to the bacterio- 
logists it is perhaps the most potent, even traces being fatal to the form of 
vegetable protoplasm which is found in bacteria. We may argue that it 
must be equally deleterious in the cell containing chlorophyll and to the chloro- 

last itself, as we have no reason to suppose that any difference in vitality exists 
fern the protoplasm of different plants. At first sight this appears an almost 
insuperable difficulty in the way of the theory. Formaldehyde has, however, the 
properties of aldehydes in general, one of which is the power of condensation or 
polymerisation. It passes with extreme readiness into a much more inert form, 
para-formaldehyde, a body in which tbree molecules of the formaldehyde are 
grouped together. It is therefore possible that it may be prevented from exercising 
its deleterious properties by a transformation at once into this comparatively 
harmless modification. This will slowly decompose under proper conditions, 
giving off the free aldehyde. 

Pollacci has stated that it is possible to extract formaldehyde from leaves, In 
his experiments he took such as had been exposed to light’ for a very considerable 
period and then macerated them in water. After a sufficient extraction he dis- 
tilled the leaves, together with the water in which they had been steeped. The 
first portions of the distillate yielded reactions indicative of the presence of form- 
aldehyde. His experiments do not enable us to say that free formaldehyde was 
there, for the more stable para-form would be likely to decompose during the 
distillation, so that the reactions would be explained without demanding the 
presence of the free aldehyde in the leaves. 

But little success has attended hitherto the attempt to show that formaldehyde, 
in the presence of chlorophyll, or preferably, we may say, of chloroplasts, can 
give rise to carbohydrates. We have nothing more satisfactory than Bokorny’s 
experiments, in which, after failing to set up photosynthesis in a filament of 
Spirogyra fed with formaldehyde, he succeeded when he supplied the alga with its 
compound with sodium-hydrogen-sulphite. Experiments ona more comprehensive 
scale, conducted on a variety of plants of different habits, are needed before we 
can regard the process as satisfactorily established. 

We have further to pursue the problem by an inquiry as to the nature of the 
sugar first formed. Certain considerations lead to the view that it is probable 
that a sugar of the aldose type must be accompanied in the plant by a ketose. The 
hypothesis as stated by Baeyer, and so far accepted till quite recently, took no 
account of the latter. The aldose grape sugar was the one always suggested, 
and from this all others met with have been held to be constructed. ‘The first 
appearance of a ketose, levulose, or fruit sugar, has been associated with the 
hydrolytic decomposition of cane sugar, itself constructed presumably from the 
grape sugar. I fear sufficient attention has not been paid to probability or to the 
normal course of chemical action in framing our hypotheses, for it is rather 
difficult to see how some of the transformations scmewhat dogmatically affirmed 
can possibly take place. I may refer in passing to the statement that in the 
digestion of fat or oil during germination part of it is converted into starch or 
sugar. 

But to return to the construction of sugar. The condensation of formaldehyde, 
which can be brought about by the action of basic lead carbonate, leads to the 
formation of several sugars, each yielding its characteristic osazone. How far 
the condensation in the plant follows this is still uncertain. It is quite possible 
that stages intervene between formaldehyde and sugar of any kind. It has been 
suggested that formaldehyde in the presence of water may under the conditions 
obtaining in the leaf give rise to glycolaldehyde, a body which forms sugar very 
readily indeed. The formation of sugar directly from formaldehyde is a much 
longer process and is attended with greater difficulty. 

I may call your attention here to the views of Brown and Morris traversing 
the theory of the primary carbohydrate being grape sugar. In their classical 
paper on the chemistry and physiology of foliage leaves they have adduced strong 
evidence, based upon analyses of the sugar-content of leaves of Tropeolum majus, 
that in this plant at any rate the first sugar to be formed is cane sugar. Whether 
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or no this is the case in plants generally cannot at present be said, though it 
appears from many considerations probable. 

The part played by chlorophyll in photosynthesis has already been touched 
upon. Remarkably little is known about chlorophyll itself. It has so far been 
found impossible to extract it from the chloroplast without causing its decom- 
position, and hence our ideas of its constitution, such as they are, are based upon 
the examination of something differing in some not well-ascertained particulars 
from the pigment itself. A remarkable relationship is known to exist between 
the latter and iron, for unless this metal is supplied to a plant its chloroplasts do 
not become green. But the condition of the iron in the plant is uncertain; it 
seems probable that it does not enter into the molecule of the pigment at all. 
A remarkable series of resemblances between derivatives of chlorophyll and 
derivatives of hzematin, the colouring matter of hemoglobin, has been brought to 
light by the researches of Schunck and Marchlewski, which is very suggestive. 
The same leaning towards iron is found in the two pigments, but in the case of 
hematin our knowledge is further advanced than in that of chlorophyll. The 
iron is known to be part of its molecule. It can by appropriate treatment be 
removed, and a body known as hematoporphyrin is then formed, which presents 
a most striking similarity to a derivative of chlorophyll which has been named 
phylloporphyrin. The two pigments are almost identical in their percentage 
composition, the hematoporphyrin containing a little more oxygen than the other. 
Both seem to be derivatives of pyrrol. The most striking similarity between 
them is their absorption spectra, their etherea] solutions both showing nine bands 
of identical width and depth, those of hamatoporphyrin being a little more 
towards the red end of the spectrum. ‘Their solutions in alcohol and ether show 
the same colour and the same fluorescence. Though they differ in certain other 
respects, notably the facility with which they form crystals, it is impossible to 
deny that a close relationship seems probable. If this is established we may by 
analogy perhaps learn something about the part played by iron in the action of 
the chloroplast, which so far has proved as obscure as the relation of the metal 
to the pigment. It is very suggestive to recall the resemblances between the two 
pigments, the one playing so prominent a part in animal, the other in vegetable 
life. Both are associated with a stroma of proteid, or pussibly protoplasmic, 
nature, in which a solution of the pigment is retained, apparently after the fashion 
of a sponge. Both are concerned in metabolic processes in which gaseous inter- 
changes play a prominent part. Both are in some way dependent on the presence 
of iron for their individuality, even if iron is not actually present in the molecule 
of both. The iron being removed, the derivatives which are found are almost 
identical. Further researches may throw a light on this curious relationship, per- 
haps showing that chlorophyll may enter into a combination with carbon dioxide 
as hematin does with oxygen. Such a combination might well be the precursor 
of the decomposition of the carbon dioxide which has been already spoken of. 

We meet with another pigment in many plants the physiological significance 
of which has in recent years begun to attract some attention. This is the red 
colouring matter, anthocyan, apparently related to the tannins, which is developed 
especially in the young leaves of shade-loving plants when they become exposed to 
illumination exceeding the intensity which they normally encounter. The forma- 
tion of this pigment is greatest in tropical plants, where it is found usually in 
the epidermis of the young leaves, though in some cases it extends to the mesophyll 
as well, The pigment seems in some way to be supplementary to chlorophyll, for 
its absorption spectrum shows that it allows all the rays useful in photosynthesis 
to pass through it. It is unlikely that it takes any share in photosynthesis. 
Several theories have been advanced to explain its presence; it may be simply to 
protect the delicate cells from the destructive action of too intense light, or to 
avert the evil of overheating from the solar rays. It has been suggested that 
certain rays hinder the translocation of starch, and that the pigment shields the 
cells from the incidence of such rays. Again the view has been advanced that the 
red colour is important in accelerating the development of diastase from its 
antecedent zymogen, which has been found to take place under the influence of 


‘ 


TRANSACTIONS OF SECTION K. 793 


the rays of a certain region of the spectrum. While all these views have been 
advanced, however, there is little positive information bearing upon either the 
formation or the function of the pigment. 

Very little progress has been made with the problem of the construction of 
proteid matter in the plant, which still confronts us. The question of its relation 
to the mechanism of photosynthesis has received some attention without leading 
to any satisfactory conclusion. Winogradski’s success in cultivating the nitrate 
bacteria upon purely inorganic matter reveals an unexpected constructive power 
in some forms of vegetable protoplasm. The question of the energy made use of 
in proteid construction is in an equally unsatisfactory condition. Laurent, 
Marchal, and Carpiaux have stated that the rays of the violet and ultra-violet 
region of the spectrum are absorbed and devoted principally to the construction 
of nitrogen compounds from the nitrates, or the compounds of ammonia, which are 
absorbed by the plant, while the intervention of the chlorophyll apparatus is 
unnecessary for this purpose. The experiments which they give in considerable 
detail upon this absorption carry much weight and appear conclusive. Unfortu- 
nately other observers have failed to confirm them, so that at present the matter 
must be left open. 

Among the problems connected with the nutrition of the plant, the part 
played by alcohol has recently come into prominence. Alcohol was originally 
associated only with the lower fungi, and especially with the yeast plant. Bio- 
logical problems of grave importance arose in connection with the Saccharomyces, 
apart from what seemed at first the larger question, viz., the nature of fermentation. 
A prolonged study of the latter phenomenon led Pasteur to the view that 
alcoholic fermentation is only the expression of the partial asphyxiation of the 
yeast, and its efforts to obtain oxygen by the decomposition of the sugar. 
It is hardly necessary here to remind you of the controversies that centred 
about the question of fermentation and the theories held and abandoned as to its 
cause. The biological phenomena have, however, a claim now upon our attention 
in the light of some very remarkable researches that are calling for our attention 
and criticism to-day. Pasteur’s explanation of the behaviour of the yeast was, as 
we have seen, such as to connect it with the respiration of the plant. When 
oxygen was withheld from active yeast 60-80 parts of sugar disappeared for one 
part of yeast formed. When oxygen was present not more than ten parts of sugar 
were decomposed for the same amount of yeast production. Undoubtedly the 
stimulus of asphyxiation materially stimulated the yeast metabolism. 

But certain observations did not agree with Pasteur’s explanation. An 
energetic fermentation takes place in the presence of oxygen, the plant multiplies 
extremely quickly, and its metabolism appears very active. Schiitzenberger argued 
against Pasteur’s explanation with some force, emphasising these points of disagree- 
ment between his hypothesis and the facts, and claimed that the matter rather 
concerned nutrition than respiration. He based his view on experiments carried 
out to ascertain how respiration was affected under changed conditions. 

The results he obtained were briefly the following :— 

(1) In a watery liquid without sugar, but containing oxygen in solution, the 
quantity of oxygen absorbed in unit time by a gramme of yeast is constant, 
whatever proportion of oxygen is present. 

(2) In a saccharine liquid containing albuminous matter as well as sugar, and 
with oxygen in solution, the same result is obtained, except that the quantity 
absorbed in unit time is greater. 

(8) In two digestions carried on side by side for some time, one being supplied 
oi with oxygen and the other deprived of it, the former produced most 

cohol. 

If the decomposition of the sugar had been the result of the respiratory activity 
of the yeast cells at the expense of the combined oxygen of the sugar, it would 
seem that fermentation should either not have taken place at all in the presence of 
free oxygen, or that it should have been much less than in the other case, whereas 
the reverse is what is found. Hence Schiitzenberger advocated the view that the 
sugar is alimentary and not respiratory. 
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Certain facts more recently discovered support strongly the view that the 
nutrition of the yeast is the chief object of the process normally, though we 
cannot deny that when partial asphyxiation sets in fermentation is resorted to 
by the plant in its difficulty, that it may obtain the energy normally supplied by 
the respiratory processes. The mode of decomposition of the sugar, however, 
the formation of alcohol and carbon dioxide, raises a question as to the 
exact form in which the nutritive material is supplied to the protoplasm. 

Of these more recent discoveries the work of Devaux on the trunks of trees 
may be mentioned first, as itseems to point to a similar problem to the one con- 
nected with yeast. Devaux examined the composition of the air in the interior 
of woody stems growing under normal conditions, and found that the proportion 
of oxygen it contains often sinks as low as 10 per cent., while in a tew cases, 
in the most internal part of the tree, he found this gas to be entirely absent. The 
disappearance of oxygen becomes easier with every increase of temperature. 
This partial asphyxiation is attended by the formation of alcohol in the struggling 
tissue, the spirit being detected by cutting up the branches of the trees and 
distilling them with a large excess of water. Devaux’s experiments were made 
upon a considerable variety of trees, among which may be noted Castanea vulgaris, 
Pyrus domestica, Alnus glutinosa, Ulmus campestris, Sambucus nigra, and 
Ficus Carica. 

Similar results have been obtained by Mazé in some researches on seeds. 
When a number of these are submerged in water, micro-organisms being pro- 
perly guarded against, they do not readily germinate, but their weight neverthless 
somewhat rapidly diminishes. In some of Mazé’s experiments with peas he 
ascertained that this diminution was attended by a considerable formation of 
alcohol. Three parcels of forty peas were examined, weighing respectively 10, 17, 
and 27 grammes, and the experiments lasted six, twelve, and twenty-seven days. He 
found the proportion of alcohol to the original weight of the peas was 2°34, 4:63, 
and 6:56 per cent. As the peas were submerged, and so kept out of contact with 
air, it seems possible to suppose we have here again an effect of asphyxiation. 
Other experiments, however, make this view unsatisfactory. He germinated 
twenty peas at 22° C. for seven days under normal conditions, till their axes were 
about 13 inch long. He then covered them with water, in some cases leaving 
the terminal bud exposed to air. The development of the submerged plants 
stopped at once, and at the end of five days the liquid contained 130 milligrammes 
of alcohol. The seedlings whose terminal buds were exposed to the air continued 
to grow without showing any disturbance. Mazé concludes that the alcohol pro- 
duced was utilised by them in their growth, and suggests that it is a normal 
and necessary product of the digestion of carbohydrate material in seeds in course 
of development. 

He goes on to show that alcohol can be demonstrated to be present in plantlets 
that have germinated for forty-eight hours at 23° C. under normal conditions. 

Another worker of great eminence who has found similar conditions to exist 
in normal vegetation is Berthelot. He put blades of wheat and leaves of the 
hazel in flasks, displaced the air by hydrogen, and distilled. In the case of the 
wheat he heated the flask to 94° C., in that of hazel he conducted the distillation 
by passing steam through the flask. In both he found the distillate contained 
alcohol. The quantity was not large, but still measurable; from 10 kilos. of 
leaves he obtained 10 grammes of alcohol. 

Mazé claims to have found alcohol under normal conditions in’ the stems and 
leaves of the vine. 

Mazé finds further that the weight of a seedling of maize approximates at avy 
moment during the early stages of germination to half that lost by the reserve 
store in the endosperm. 

From his experiments, and those of the other authors alluded to, he concludes 
that alcohol is formed in the living cells of seeds at the expense of grape sugar 
by virtue of a normal diastasic process, which makes them approach yeast cells 
more closely than has been suggested by any of the experiments hitherto published. 
We may inquire further how far the evidence points to the probability that the 
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molecule of sugar is split up in that way into alcohol and carbon dioxide, and 
that the alcohol is the nutritive part of the sugar molecule. Certainly Mazé’s 
experiments on the submerged seeds with the plumule exposed above the water 
are not inconsistent with that view. Duclaux has spoken more definitely still 
on this point, and has said that the alcohol formed becomes a true reserve 
material to be used for nutriment. 

We have, however, further evidence that to some plants, at all events, 
alcohol is a food. Laborde has published some researches conducted upon a 
fungus, Hurotiopsis Gayoni, which point unmistakably to this conclusion, He 
cultivated it in a solution containing only the mineral constituents of Rawlin’s fluid 
and a certain percentage of alcohol, usually from four to five per cent. The plant 
grew well, forming little circular patches of mycelium, which enlarged radially 
as the growth progressed. The mycelium became very dense in the centre of 
the patches, and the fungus evidently thrived well. As it grew the alcohol 
slowly disappeared, the rate being about equal to that of sugar in a similar 
culture in which this substance replaced the alcohol. The mycelium in some 
experiments was cultivated quite from the spores. Jurotiopsis is a fungus which 
has the power of setting up alcoholic fermentation in saccharine solutions. When 
cultivated in these alcohol is accordingly produced, and subsequently used, but 
the growth of the mould is not so easy under these conditions as when the 
alcohol is supplied to it at the outset. 

Duclaux has shown that in the case of another fungus, the well-known 
Aspergillus niger, though alcoho} kills it while it is in course of germination 
from the spore, it can utilise for nutrition 6°8 per cent. when it becomes adult, 
continuing to grow, and putting out aérial hyphe. Lurotiopsis is more pro- 
nounced in its liking for aleohol, for it thrives in a mixture containing 10 per 
cent.; even if submerged entirely it continues to grow and flourish in an eight 
per cent. solution. 

The peculiarity relates only to ethyl alcohol; methyl alcohol will serve as a 
nutritive medium for only a little time, sufficient only for the commencing 
development of the spores into a mycelium and disappearing very slowly from 
the culture fluid. The higher alcohols, propyl], butyl, and amyl, not only give no 
nourishment, but are poisonous to spores. A very small trace of any of them can 
be used by the adult mould. 

Laborde claims to have established as the result of his investigations that 
Eurotiopsis normally makes alcohol from the sugar to nourish itself with it, just 
as yeast makes invert sugar from cane sugar because it is the nutritive material it 
likes best. The enzyme zymase is present in the fungus and plays the part of an 
alimentary enzyme. Its consumption lasts twice as long as that of a corresponding 
weight of glucose ; it can serve twice as long for the nutrition of the same weight 
of plant. 

These remarkable results lead us to the consideration of the mode in which 
the carbohydrates, and particularly the sugars, are assimilated by the plant. We 
have held the view that the sugar molecule is capable of entering with 
little if any alteration into that of protoplasm. We have found no direct evidence 
bearing upon its fate. It is possible to detect sugar in the axis of a plant till quite 
near its growing point. Then the reaction ceases to be obtainable, and we know 
that assimilation is taking place. But we have still to investigate the steps, no 
very easy problem to undertake. May it possibly be that it is the alcohol moiety 
of the sugar which the protoplasm takes up, part of the carbon dioxide evolved by 
the growing organ being an expression, not of respiration, but of a fermentation 
preliminary to assimilation ? 

But I feel [ have dealt at sufficient length with this question. I pass, there- 
fore, to consider briefly another nutrition problem of a rather different kind. The 
germination of seeds is a question that might be thought to have been fairly 
settled by the investigations of the latter half of the last century. We have come 
to the conception of the seed as fundamentally a young embryo lying quiescent. 
within its testa, and provided with a store of nourishment deposited either withim 
its own substance, or lying round it in the tissues vaguely named endosperm or 
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perisperm. The nourishment has been held to be practically ready for its use, 
needing only a certain amount of enzyme action to be applied to it to convert the 
food store from the reserve to the nutritive condition. e have recognised here 
starch, proteids, and glucosides, and have ascertained that the embryo can 
furnish the appropriate enzymes for their digestion. Each reserve store has 
apparently been quite independent of the rest, and the embryo has had control of 
the whole. 

Certain considerations, however, lead us to the view that for albuminous seeds 
at any rate this mode of looking at the matter is no longer satisfactory. We may 
first ask how far the embryo is the controlling factor in the digestion. Putting 
the matter in another form, is the influence of the parent plant lost when a stable 
store of food has been provided for the offspring, and does it leave its utilisation 
entirely to the latter? Is the gametophyte prothallus merely to become a dead 
or inactive structure as soon as it has developed its young sporophyte, or may its 
influence extend for the longer period of germination? There are many reasons 
for thinking this is the case. Indeed the view has been put forward by some 
observers at intervals for some years. Gris claimed to have shown it in 1864; 
but it was opposed by Sachs, who said that the enzymes which cause decompo- 
sitions in the reserve materials are always formed in the young plant or embryo 
and are excreted by the latter into the endosperm. Some careful experiments on 
the point were conducted by Van Tieghem and were published by him in 1877. 
His work was carried out on the seeds of the castor-oil plant. He deprived the seeds 
of their embryos and exposed them for some weeks on damp moss to a temperature 
of 25-80°C. After several days of this exposure he found the isolated endosperms 
‘were growing considerably, and at the end of a month they had doubled their 
dimensions, In the interior of the cells he found the aleurone grains to be 
gradually dissolving, and the oily matter to be diminishing, though slowly. 
The dissolution extended throughout the mass of the endosperm, and was not 
especially prominent in the side that had been nearest to the cotyledons, He 
noted, too, that though starch did not normally appear in the germinating endo- 
sperm, under the condition of non-removal of the products of the decomposition, it 
<lid appear in the cells in the form of small grains, though not till after several 
days had elapsed. Van Tieghem also observed that the progress of the decom- 
positions could be arrested and the endosperms made to reassume a quiescent 
condition, and that then the aleurone grains again became formed, though in less 
quantity than betore. 

In some experiments on Ricinus which I carried out in 1889 I found much the 
same sequence of events as Van Tieghem had described. The endosperm 
unquestionably became the seat of a renewed metabolism, in the course of which 
many interactions between the various reserve materials became noticeable. It 
was remarkable that the activity of this metabolism was much more pronounced 
when the embryo or parts of it were left in contact with the endosperms. 

An observation of a similar character has been made by Haberlandt and by 
Brown and Morris in the case of the seeds of grasses. The conversion of the 
reserve Cellulose of barley grains has been shown by these observers to be the 
result of the action of an enzyme cytase, which is secreted largely by the so-called 
eid So layer, which is found surrounding the endosperm, immediately underneath 
the testa, 

Recently my own work has been bearing on this question, particularly as 
regards the behaviour of the seeds of Ricinus during germination. The reserves 
of this seed are mainly composed of oil and aleurone grains, hardly a trace of 
carbohydrates being present. At the onset of germination there is a remarkable 
appearance of both cane sugar and glucose, which increase as the oil diminishes. 
The old view advanced to explain this fact has been the transformation of the oil 
directly into the sugars or one of them, a theory which it was difficult to reconcile 
with the chemical possibilities of oil. I have found that side by side with the 
appearance of the sugar we have also the formation of a considerable quantity of 
lecithin, a fatty body containing nitrogen and phosphorus. The seed contains a 
comparatively large amount of phosphorus in the form of the well-known globoids 
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of the aleurone grain, a double phosphate of calcium and magnesium, The occur- 
rence of this body points toa considerable interaction of various substances existing 
in the seeds, the phosphorus apparently coming from the globoids and the nitrogen 
from the proteids. Instead therefore of the fat being transformed into sugar it. 
seems certain that a very considerable metabolism is set up, in which the various 
constituents of the endosperm interact very freely together. J am informed by 
Mr. Biilin, who has investigated the histological changes accompanying the 
germination, that the protoplasm of the endosperm cells appears to increase in 
amount very greatly during the early stages. The observations suggest a very 
vigorous resumption of metabolic activity by the cells of the endosperm, in the 
course of which the various reserves are brought into relation with the living 
substance of the cells and a number of new products are formed to minister to the 
nutrition of the growing embryo. The formation of the sugars may more probably 
be referred to the renewed activity of the protoplasm of the parent gametophyte 
than to a direct transformation of the fat under the influence of the embryo. 
Further researches upon a large variety of seeds appear necessary to give us a true 
idea of the chemical processes of germination. What now appears probable in the 
case of fatty seeds may prove to be true also in the case of those which have other 
varieties of reserve material. 

I have already alluded to the problems concerning the electrical phenomena 
presented by the plant at rest and during activity. Very little work has so far 
been done in this direction, and our knowledge of the subject is materially less 
than that concerning similar phenomena in muscle and nerve. Still a beginning 
has been made, and we have observations on record due to Waller and to Bose 
which are of the greatest interest, not only because they show a great corre- 
spondence in behaviour between animal and vegetable structures, but on account 
of their possible importance in determining the character of many of the metabolic 
processes and the forces at work in the tissues. 

Some very striking results were only a few months ago published by Bose on 
the electric response in ordinary plants to mechanical stimulation. He arranged 
a piece of vegetable substance, such as the petiole of the horse-chestnut, or the root 
of a carrot or a radish, so that it was connected with a galvanometer by two non- 
polarisable electrodes. The uninjured tissue gave little or no evidence of the 
existence of electrical currents; but if a small area of its surface was killed by a 
burn or the application of a few drops of strong potash, a current was observed 
to flow in the stalk from the injured to the uninjured area, just as is the case in 
animal tissue. The potential difference in a typical experiment amounted to 
0:12 volt. The tissue was then stimulated, either by tapping or by a torsion 
through a certain angle, and at once a negative variation or current of action was 
indicated, the potential difference being decreased by ‘026 volt. Very soon after 
the cessation of the stimulus the tissue recovered and the current of rest flowed 
as before. Bose’s investigations extended considerably beyond this point, and 
established a very close similarity in behaviour between the vegetable substance 
and the nerves of animals. Summation effects were observed, and fatigue effects 
demonstrated, while it was definitely shown that the responses were physiological. 
They ceased entirely as soon as the piece of tissue was killed by heating. 

This remarkable demonstration of similar electrical properties to those possessed 
by nerve strengthens very greatly the view of the conduction of stimuli in the 

lant by means of the protoplasmic threads which have been demonstrated by 
ardiner and others to exist throughout the plant, uniting cell to cell into one 
coherent whole. 

Much remains to be done in this field; indeed, not more than a beginning has 
been made. The electrical accompaniments to response to stimuli have been 
investigated by Burdon Sanderson in the case of Dionea, but many other instances 
are still awaiting examination. The peculiar phenomena of electrotonus and their 
relation to stimulus have so far only been observed in animals. 

_ These observations strengthen considerably the view of the identical nature of 
animal and vegetable protoplasm which has in recent years come into prominence, 
and which is receiving more and more support in-all directions. 
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These electrical currents, following mechanical action, which no doubt is accom- 
panied by chemical change, make us ask whether electrical phenomena do not in 
all probability accompany the slow chemical actions which we call metabolism. 
The view that electrical energy is concerned in the processes of photosynthesis, 
suggested in an earlier part of this Address, is certainly not weakened by a con- 
sideration of these phenomena. 

The probability of the transmission of stimuli through vegetable tissue along 
the protoplasmic threads, extending from cell to cell, has been supported during 
the last year or two by some remarkable observations claimed to have been made 
by Nemec on certain roots and other organs. He says he has succeeded in demon- 
strating a continuous fibrillar structure in the protoplasm of the cells, fibrils 
passing along it in a longitudinal direction and apparently connecting the proto- 
plasm of a longitudinal series of cells into a conducting chain. These conducting 
strands extend between the sensitive region—eg., the tip of the root—and the 
region which is growing, and which is caused by the stimulus to curve. Nemec 
says that these conducting strands can be made evident by the use of appropriate 
staining reagents. They vary in number and position, but appear to be confined 
to sensitive and motile organs. 

It is clear that the matter cannot rest where it is. The statements made by 
Nemec call for investigation by both histological and physiological methods. It is 
possible that appropriate reagents may lead to the recognition of structure in what 
has been hitherto regarded as undifferentiated protoplasm. 

Before concluding this Address I may call attention to the vast field opening 
up in connection with the pathology of plants. The work done by our pre- 
decessors has been more largely work on the morphological peculiarities of various 
fungi than upon the physiological changes which constitute pathology, properly so 
called. It is only recently that attention has been given to the broad questions of 
disease in plants. Even now, however, certain advances have been made, and the 
direction of research is taking shape. In the science of pathology little in recent 
years has been so fascinating as the question of immunity against the attacks of 
certain diseases, either hereditary or acquired. It has been bound up with the 
very large question of toxins and their attenuation, their opposites, the antitoxins, 
and matters of a similar nature. 

Great results have been obtained in human pathology, with which it is not 
for me to deal. I mention them here because we are face to face with the 
possibility of treating some of the diseases of plants in a similar way, and perhaps 
on the threshold of very far-reaching discoveries. 

I may call attention to the researches of Ray and of Beauverie upon the general 
question of plant infection, and especially upon a disease set up by a fungus 
known as Botrytis cinerea, which attacks grapes, begonias, and other plants. 
The fungus exists in three forms, one of which is a harmless saprophyte, another 
a destructive parasite, and a third intermediate between the two. The first is a 
very common fungus, developing on decaying plants and bearing ordinary gonidia 
or spores. ‘The second is completely filamentous and bears no reproductive organs. 
Et is produced when the air is heavily charged with moisture and the temperature 
high, conditions of common occurrence in forcing houses. The third is an 
attenuated form intermediate between the other two. It bears gonidia like those 
of the first, and in addition others which germinate without falling off the parent 
plant and elongate into long threads. Many plants can bear the invasion of this 
plant without suffering greatly, though it cannot be called harmless. It occurs 
chiefly when a high temperature is associated with a considerable amount of 
moisture in the air. 

It is not difficult to cultivate this attenuated form of the Botrytis in sterilised 
soil. Beauverie describes one experiment made with it which is very striking. 
Damp earth was sterilised in a Petri dish of large surface, sown with spores 
of the Botrytis, and kept at a temperature of about 16°C. After three days the 
surface of the dish was covered with a loose mycelium, which bore numerous 
gonidiophores. The fungus was allowed to grow for some time under these 
conditions, and the infected earth was then transferred to fresh pots in which were 


rn 


TRANSACTIONS OF SECTION K. 799 


placed cuttings of begonias. The plants grew well and were not sensibly affected 
by the presence of the fungus in the substratum or in its surface. Placed subse- 
quently in conditions which were eminently suitable to the development of the 
parasitic form, they resisted its action perfectly, though control plants which had 
not been cultivated in the ground infected by the attenuated form were killed very 
quickly. From their experiments the authors claim to have shown that the form 
of Botrytis cinerea intermediate between the gonidial and the sterile form can 
make plants immune to the attacks of the latter. 

Researches of a somewhat kindred nature dealing with the infection of 
particular plants by specific fungi have been communicated recently to this Section 
by Professor Marshall Ward in his paper read last year on the Bromes and their 
brown rust. They brought to light many very important facts connected with 
the question of adaptive parasitism and immunity. Few questions in vegetable 
physiology can compare in economic importance with these when we think of 
their possible development in relation to agriculture. 

I have now somewhat hurriedly surveyed certain parts of the field of vegetable 
physiology. It has been impossible in an Address like this to do more than indicate 
what seem to me some of the more important problems awaiting investigation. 
May we hope that all such work will be vigorously conducted, but that the con- 
clusions reached will be scrutinised with the greatest care and subjected’ to 
repeated examination? Great hindrances to the advance of the science resulted 
from dogmatic assertions made by eminent mertt ih the past, their personal in- 
fluence having led to their conclusions, not afogether accurate, being nevertheless 
almost universally accepted. Many years subsequently these conclusions have 
needed re-examination, the result being the destruction of a whole fabric that had 
been reared upon this unworthy foundation. I may close, as I began, by an 
appeal to the younger school of botanists to take some of this work in hand, and 
by assiduous and critical experiment and observation to contribute to the solution 
of the problems pressing upon us in this field. 


The following Papers and Reports were read :-— 


1. Exhibition of Forms of Erica Tetralix from Connemara. 
By Professor I. Baytey Baurour, /.2.S. 


2. Notes on a Census of the Flora of the Australian Alps. (Part 7 
By James STIRLING. 


In preparing this census, with accompanying notes on the orders represented, 
the author has in view an inquiry into the origin and distribution of the mixed 
types of plants now growing on the highest altitudes over south-east Australia, 
and the subsequent correlation with other Alpine and the Tertiary floras of the 
region. 

From 1875 to 1888 he collected 1,019 species of plants, of which 678 were 
Phanerogams and 341 Cryptogams. 

Over one-tenth of the total of the plants of the Australian continent are found 
in the Australian Alps at elevations between 2,000 and 7,000 feet. 

The area investigated includes the main watershed line, separating the streams 
flowing northerly into the Murray from those flowing southerly into the Gipps- 
land Lakes and the Southern Ocean—i.e. from the heads of the Yarra River on 
the west to the Kosciusko plateau on the north-east, over a distance of 15,000 
square miles. It embraces also the high tablelands, between 4,000 and 6,000 feet, 
which form expansions of the lateral watershed line. 

An outline of the physical features is given with reference to the geological 
structure and to the climatic conditions of the area. 

The outlines of a number of the principal mountains are mainly of the relict 
class of Professor Geikie, formed by denudation and erosion from an extensive 
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tableland which covered the greater part of the area during Eocene and Miocene 
times. 

The adjacent valleys of the high lateral tablelands have been eroded down 
to a depth of 4,000 feet below the original level of the older Tertiary valleys. 
Some of the high peaks may be included in the Tectonic class, such as Mount 
Cobberas, &c. 

An idea of the general botanical features is given by referring to the character 
of the principal species of each natural order now flourishing at elevations between 
5,000 and 7,000 feet, which is referred to as the Alpine area; that between 2,000 
and 5,000 feet is called sub-Alpine. 

It is shown that commingled with a majority of Antarctic types of plants at 
the higher altitudes are also some European, South African, and Polynesians, 
thus indicating oscillating land surfaces and alternating climatic conditions, per- 
mitting waves of vegetation, or the migration of plants across land surfaces now 
submerged, since early Tertiary times, when the vegetation of a tropical character 
overspread the area. 

The dominating influence of climate in the evolution of varieties of plants 
over that exerted by geological formations, or the soils derived therefrom, is 
especially referred to, and numerous cases cited, particularly in regard to the 
eucalyptus vegetation. 

The strongest affinity undoubtedly exists, as pointed out by Sir J. Hooker, 
with the Tasmanian flora, and Antarctic types prevail, although there are not 
wanting evidences of affinity with South Africa, Polynesia, and the mountains of 
New Guinea and Morocco. The whole of the evidence now available to date 
confirms the original forecast of Sir J. Hooker, that the antecedents of the peculiar 
Australian flora, as a whole, may have embraced an area to the west of the present 
Australian continent analogous with South Africa, and that the bond of affinity 
between the Antarctic and South African floras indicate them as members of one 
great vegetation which may have covered as large an area as the Huropean does 
in the northern hemisphere. This would also imply, in my opinion, not only a 
land connection between Australia and South Africa by way of Antarctica, but 
also land connections to portions of Polynesia, New Zealand, and South America, 
during Tertiary times. 


The orders represented by the greatest | Above the 5,000-foot level the numerical 
number of species, taking the first twelve relations of the species to the orders 
of the whole flora, are :— are as follows:— 

Musci : : ; C wh9G Lichens . : F . . 35 
Leguminosee . : 5 se PHO, Compositeze : . . . 28 
Compositeze - : is Ae Musci ‘ : . A eee 
Filices : d t 5 . 50 Graminez . . ; & <P? 
Myrtacez . 5 . = op ee Leguminoseze . . * tay Le 
Cyperacez. ° 2 . 36 Rutaceze . . a . a washil 
Graminez . F . ° . 35 Epacridee . ‘ “ - ne, 
Lichena . ' ° : - 35 Myrtacez . - 5 = Figyiuaske 
Proteacez . 4 5 c . 30 Cyperaceze ; : f Spats 
Orchidez . : X { . 26 Proteacee . A : : Colm 
Rutacee . : : : . 24 Scrophularinez . e : PTET 
Labiatez . : : 5 Ba Cs Caryophylleze . . . SOVNT 


A comparison with the florula of a British area, the Clyde watershed and the 
Isle of Arran, visited by the author, shows that there are thirty-six natural 
orders, 156 genera, common to the Australian Alps and this area, and sixty-eight 
identical species. A considerable number are, however, immigrants to the 
Australian area. 

The proportion between the arboreous, semi-arboreous, or shrubs, and the 
herbaceous plants, excluding the Graminez and Cryptogams, is given. 
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3. On Luminous Bacteria. By J. E. Barnarp and Professor ALLAN 
MacrapyeEn, J.D. 


Many instances of light-production occur in nature amongst plants and animals. 
This luminosity is most strikingly exhibited by marine animals and by minute 
vegetable-cells belonging to the group of the nacteria. Light-production by living 
protoplasm is a process intimately bound up with the life of the organism, as in 
the case of the luminous bacteria. The luminosity of mineral and other inert 
bodies is dependent on an extraneous light source. 

Amongst light-producing organisms our knowledge of the process is most 
exact in the case of the bacteria. ‘heir simple semicellular structure, and the fact 
that modern bacteriological methods enable us to isolate and study particular 
organisms, renders it somewhat more easy to study the conditions under which 
light-production can best occur. The observations which are embodied in this 
paper were made on luminous bacteria. These organisms are to be found mainly 
in sea-water and on dead marine animals. They are widely distributed in this 
respect. We have obtained and studied the most important types. About 
twenty-five varieties have been described, but it is probable that some of these are 
very closely related, if not identical. A hitherto undescribed form has been 
isolated from sea-water in the course of investigations made by one of us at 
Plymouth. It belongs, like most of the other species, to the group of the bacilli. 
The temperature conditions as regards growth vary considerably, and range from 
zero to 37° C. 

The luminosity of the sea is mainly due to higher forms of marine life and not 
to bacteria, at any rate in northern latitudes. On the other hand the phos- 
phorescence of dead objects, such as fish, &c., is due to bacterial forms of life. 

We have not been able to confirm the statements that luminous bacteria have 
direct infective properties as regards crabs and other marine animals. 

These organisms require particular and exact conditions in order to exhibit 
their luminous properties. They must have a suitable nutrient soil containing 
such proportions of salts as shall render the medium isotonic. For example, sodic 
chloride, if present to the extent of 3 per cent., will render the organisms luminous 
and ensure their remaining so for some time. In this manner they can be readily 
cultivated and studied in the laboratory. 

The luminosity appears to be a function of the living cell and can be disturbed 
by any process which interferes with the vitality of the cell itself. The dead cell 
is non-luminous, whilst antiseptics which kill the cells inhibit at the same time 
their luminosity. 

A supply of free oxygen is essential ; in the absence of oxygen the organisms 
live but are non-luminous. There is no evidence of a bacterial product as the 
source of the light. The process appears to be the result of an active oxidation 
occurring within the cell. The light produced is confined to a small portion of 
the visible spectrum, and invisible radiations have not been detected. As the 
spectrum of none of these luminous organisms extends even to the red, it may 
safely be assumed that no heat radiations are emitted. The light is produced 
without heat. No invisible radiations allied to the X-rays were detected. Photo- 
graphs have been obtained by the aid of the light emitted by these organisms. The 
time-exposure required is, however, considerable. 

An exposure to the temperature of liquid air does not destroy the luminosity 
of the organisms. It has been found possible to triturate bacteria at the tempera- 
ture of liquid air by means of special methods devised at the Jenner Institute of 
Preventive Medicine. The luminous bacteria mechanically broken up in this 
manner ceased to phosphoresce. The luminosity, therefore, is due to the vital 
processes of the cell, and essentially depends for its origin on the intact organisa. 
tion of the cell. 

We have brought these results forward because this interesting group of 
organisms have not hitherto been studied in this country so far as we can trace. 


1902; 3F 


802 REPORT—1902. © 


4. Report on the Respiration of Plants.—See Reports, p. 472. 


5, Report on the Cyanophycece.—See Reports, p. 473. 


6. Report on the Collection and Preservation of Botanical Photographs. 
See Reports, p. 471. 


7, Exhibition of some Characteristic Australian Plants, 
Ry Tuomas STEEL. 


FRIDAY, SEPTEMBER 12. 


The following Papers were read :— 


1, Electric Response of Ordinary Plants under Mechanical Stimulus.' 
By Professor Jacapis CHunDER Bosz, J/.A., D.Sc. 


Electric response has been found by Burdon Sanderson, Munck, and others to 
occur in sensitive plants. The present investigation was directed to find whether 
these responses were confined to plants which exhibit such remarkable movements, 
and whether they could not also be obtained from ordinary plants where visible 
movements are completely absent. The inquiry had the further important object 
of determining whether throughout the whole range of response phenomena a 
parallelism in every detail could be demonstrated between the animal and 
vegetable. : 

Method of experiment.—For exhibition of electric response a non-electrical 
form of stimulus is preferable. A mechanical tapper gives isolated or superposed 
stimuli. This form of stimulation labours under certain disadvantages: there is 
an unknown loss of energy due to rebound ; the plant subjected to repeated blows 
is liable to be injured, and this might give rise to variation in the successive 
yesponses, A more perfect method of stimulation, z.c., of vibration, has been 
devised by me. The intensity of stimulation is found to depend on the amplitude 
of vibration. In order to maintain the effective intensity of stimulus constant it 
is necessary (1) to maintain the vibration amplitude constant, (2) the period of 
vibration constant. 

As regards the obtaining of response the method of injury or negative varia- 
Bana be employed. But a far more perfect plan has been devised by me—that 
of block. 

The advantages of this method are: (1) The response is obtained under per- 
fectly normal conditions, the plant being left intact; (2) every experiment may be 
duplicated by corroborative reversal experiment. Many investigations which can- 
not be attempted by the method of injury can be easily carried out by the method 
of block. 

As regards the record of responses the following device is very perfect, and 
enables demonstration before a large audience. ‘T'win aluminium cylinders are 
kept revolving at a uniform rate by clockwork, an endless band of paper passing 
over the cylinders. The moving galvanometer spot of light is at right angles to the 
motion of the recording paper and is followed with a pen. 


1 For a more complete account see the following: Bose, ‘ Response of Inorganic 
Matter to Stimulus’ (Friday Evening Discourse, Royal Institution, May 1901); 
‘Electrical Response in Ordinary Plants under Mechanical Stimulus’ (Journal 


Linnean Society, March 1902); Response in the Living and Non-living (Longmans, 
Green, & Co.),. 
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As with different animal tissues, three types of responses have been obtained 
with plants: (1) Uniform responses; (2) responses exhibiting fatigue; and 
(3) responses exhibiting ‘staircase’ effect. Singly ineffective stimuli become eftec- 
tive by summation. Under continuous stimulation a maximum effect is obtained. 
Increasing stimulus produces increasing response, which tends to approach a limit. 
As regards the effects of temperature on response, the response is at its maximum 
at the optimum temperature, the response declining above and below the optimum. 
The response disappears at the death-points. By no other method can the death- 
points be determined with such an exactitude. Under certain conditions a 
diphasie variation is obtained. Ordinary plants exhibit electrotonus. Anzesthetics 
gradually depress response; poisons abolish it altogether. The effect of the latter 
sometimes depends on the dose, a small dose producing the opposite effect of stimu- 
lation. These and other effects obtained with plants are strictly correspondent 
with the effects obtained in the animal tissues. 


2, The Movements of the Flower-buds of Sparmannia africana, 
By Rina Scort, 


Sparmannia africana is a common greenhouse plant, which was introduced 
from the Cape into Europe in 1790. 

It is well known to the botanist on account of the curious movement of its 
stamens, which when touched gradually move away from the stigma, leaving it 
exposed and ready for fertilisation by bees. A paper was written on the subject 
by Ch. Morven as early as 1841. 

The following observations are on the movements of the flower-buds and 
flowers up to the time of the setting of the fruit. 

At first the buds hang all in one plane; each bud has a joint on the stalk 
which is much swollen below the flower. This joint regulates the position of the 
bud, flower, or fruit at different times of its development, and it is here that the 
fruit is detached when ripe. 

Three complete inflorescences were drawn from bud to fruit, from February 25 
to May 1902, every day and every night, and from these data the following 
results were obtained. 

The flower-stalk circumnutates and grows during flowering on an average 
13 in. (44 cm.) in height ; the flower-bud rises 3 inches (7:5 cm.) in height. 

The buds rise one by one from the drooping position to the horizontal; then 
make a sharp curve inwards, and just before flowering the bud hangs down in an 
exactly vertical position, which is attained by the movement at the joint. The 
flowers open during sunlight at a temperature not below 60° F. (15:5 C.), so that 
on a cold day perhaps only one flower, while on a hot day three or four may be open 
at the same time. Rapes 

On a sunny, hot day the flowers open very quickly. One bud began opening 
12 p.m., temperature 70° F. (21°1 C.), and yak Gorittitely open at 6 pata nt 
(22:2 C.); asleep at 6 p.m. The bud, however, will not go on opening if for any 
reason the temperature falls below 60° F. (155 C.). One bud began opening at 
10.50 a.M., temperature 72° F. (22-2 C.), on a bright, sunny day; at 11 a.m. it had 
put up two sepals; at 12.10, 66° F. (18:8 C.), it was putting up a third, when a 
hailstorm reduced the temperature below 60° F. (15°5 C.); at 12.40 p.m., 66° F, 
(18°8 C.), it put up a third sepal, when another hailstorm at 2.20 again reduced the 
temperature, and the flower closed for the night. 

Every night the flowers go to sleep; the youngest go to sleep first. The flower 
is bent downwards at the joint and first the petals close, one at a time, and then 
the sepals. A young flower may go to sleep as early as 6 P.m., while an old one 
may not be asleep by 10.50 p.m. 

The usual hour for waking is about 9 a.m. The flower begins opening soon 
after sunrise. On March 28, at 6.40 a.m, the petals began to expand, temperature 
48° F. (9° C.), and the flower was full open at 9 a.m. This is illustrated by a long 
series of drawings. 
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The flowers reopen for several days. The first day the stigma is short and 
the pollen unripe, petals curved back; the second day the stigma has grown as 
long as the stamens, and the pollen is ripe; the third day the petals remain flat 
open, and there is a profuse quantity of pollen; during this time the flower 
gradually takes up a vertical position, pollen often being formed for five or six 
days. Then, if fertilised by bees, the flower-stalk falls again into the horizontal 
position, from which it rises again as the fruit ripens. The fruit does not ripen 
easily in England. ees had to be introduced into the greenhouse on a day when 
the temperature was above 70° I’. (21:1 C.) The fruits ripen and fall off at the 
joint. The seeds were germinated and the seedlings drawn, 

The behaviour of the flowers in rain was also described. 


3. On the Germination of Fatty Seeds. 
By Professor J. ReyNoitps GREEN, F.4.S., and H. Jackson, 


4, On the Suspension of Life at Low Temperatures. 
By Autan Macrapyen, J/.D., and Sypney Rowxanp, M.A. 


Our first experiments were made with organisms possessing varying degrees of 
resistance, the extremes in this respect being represented by the sensitive spirillum 
of cholera asiatica and the resistent spores of Bacillus anthracis. Ten organisms 
altogether were used and cooled down to ~ 190° C., in the first instance for 
twenty hours, and eventually for seven days. These exposures did not produce 
any appreciable impairment in the vitality of the organisms, either as regards their 
growth or their characteristic physiological properties, such as pigment. and gas 

roduction, pathogenicity, &c. Amongst the organisms tested were photogenic 

acteria, and these likewise preserved their normal luminous properties; and we 
were able, through the kindness of Professor Dewar, to apply a still severer test — 
namely, an exposure to the temperature of liquid hydrogen (about — 252° C.,), a 
temperature which is as far removed from that of liquid air as is that of liquid air 
from the average summer temperature. Ten hours’ exposure to this temperature 
had no appreciable effect on the vitality of the micro-organisms tested. At such 
temperatures it must be assumed that the chemical metabolism of the cell ceases, 
in the absence of heat and moisture. At the same time it appeared to us advisable 
to test the influence of a prolonged exposure to low temperatures on the vitality of 
cells. The experiments were conducted with the aid of the liquid air plant at the 
Jenner Institute of Preventive Medicine. ‘The organisms employed were the 
B. typhosus, B. coli communis, Staphylococcus pyogenes aureus, and a sac- 
charomyces. The bacteria were suspended in small loops of platinum wire or on 
cotton-wool swabs, and directly immersed in the liquid air. The yeast, washed 
and pressed, was wrapped in rice-paper, and likewise directly immersed in the 
liquid air. Samples were taken and tested at intervals for a total period of six 
months. In no instance could any impairment of the vitality of the organisms be 
detected. The yeast gave a good growth, and exhibited its fermentative powers 
unaltered ; the typhoid bacillus retained its pathogenic and other properties ; the 
Staphylococcus aureus gave a characteristic pigment growth, and the colon bacillus 
responded to all the typical tests that were applied to it. Judging by the results, 
the experiments might have been prolonged for a much longer period than six 
months without appreciable influence on the vitality of the organisms in question. 

The ordinary manifestations of life cease at zero, but at — 190° C. we have 
every reason to suppose that intra-cellular metabolism must also cease—asa result 
of the withdrawal of two of its cardinal physical conditions—heat and moisture. 

It is difficult to form a conception of living matter under this new condition, 
which is neither life nor death, or to select a term which will accurately 
describe it. 

It is a new and hitherto unobtained state of living matter—a veritable con- 
dition of suspended animation. 
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5. Resistance of Seeds to High Temperatures. By Henry H. Dixon, D.Se. 


Various experimenters have investigated the limits of temperature which 
spores of the lower plants and animals can withstand. The results they have 
obtained show that these spores, if dry, can germinate after exposure to the lowest 
temperatures obtainable, while the upper limit for similarly dried spores lies 
between 100° C. and 130° C. 

For seeds of the higher plants also it has been more recently shown that the 
lowest temperatures available are without harmful effects. This note contains 
an account of some experiments on the maximum temperatures seeds can with- 
stand and after which they will retain their germinative power. 

Before exposure to the high temperatures the seeds were either desiccated over 
sulphuric acid, or dried in an oven the temperature of which was gradually 
raised to 90° C. After desiccation the seeds were exposed for at least one hour 
to the higher temperature. After exposure the seeds were sown on moist sand. 
The following temperatures were obtained as the highest after exposure to which 
the seeds of the species mentioned could germinate :— 


Mimulus moschatus . . 105° C, | Medicago sativa : ee LAL SIGs 
M. luteus . - - . 112° Avena sativa. ; weiss 
Papaver somniferum . . 100° Hordeum distichum . As 
P.nudicaule . - pe L009 Cucurbita pepo . : aylli2g 
Meconopsis cambrica a ONS Helianthus annuus . are lii22 
Schizopetalon walkeri . 105° Pisum sativum . 5 >» WhEQS 
Brassica rapa. : Oe Trigonella fenum-graecum 90° 
Eschscholtzia californica . 110° Lotus tetragonolobus =, Looe 
Lactuca sativa . ; = M149 Convolvulus tricolor . 202 
Helianthus argophyllus . 110° Nicotiana tabacum . Pele? 
Lolium perenne. 5 7) OS Galtonia candicans . . 105° 


Seeds of Lagenaria vulgaris and ZHeracleum giganteum were unable to germinate 
after exposure to a temperature of 90° C. 

The seeds of any one species show considerable individual differences in their 
power of resisting high temperatures. Thus a large percentage of a sample of 
seeds, say of Avena sativa, will germinate after exposure to a temperature of 
as prac C., while only a very small percentage will germinate if exposed to 

18°C, 

The time needed for germination is increased by exposure to temperatures 
near the maximum. In a general way the higher the temperature to which the 
seeds are exposed the longer will be the period of germination. 

Long exposure to a comparatively low tempersiure may prove more fatal 
than a short exposure to a high temperature. Thus seeds which will germinate 
successfully after one hour’s exposure to 110°-120° C. will not germinate after 
twelve days’ exposure to a temperature of 95°-97° C. 


6. The Effect of Temperature on Carbon Dioxide Assimilation. 
By Miss Gasrrevte L, C, Marryarr. 


This investigation differs from any which have preceded it on the same subjec 
in the attention paid to uniformity in the environment of the leaves before the 
experiment. Recent work has shown that both the assimilation and the respira- 
tion of a leaf depend on its previous nutrition and temperature. For this reason 
a separate leaf was used for each temperature, care being taken to keep them for 
some time under exactly similar conditions. 

Leaves of the Cherry Laurel (Prunus laurocerasus) were employed throughout. 

Since allowance had to be made for the respiration, this was taken for each’ 
temperature under exactly similar conditions to those existing in the correspond- 
ing assimilation experiments. A good curve showing the gradual increase of the 
respiration with the temperature was obtained, 
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The lowest temperature at which assimilation could be detected was —6°C, 
This is the first well-established case of assimilation below 0° C. 

For temperatures between —6°C. and 33°C. it was found that assimilation is 
affected in exactly the same way as is respiration. Provided the illumination is 
sufficient, the assimilation increases with the temperature. At any given tem- 
perature the leaf is only capable of a limited absolute amount of assimilation, and 
increase of illumination beyond the amount requisite for this maximal amount 
produces no further effect at all. A greater assimilation can only be obtained by 
increasing the temperature. Thus the fundamental condition regulating the 
assimilation is the temperature, the intensity of the light occupying a secondary 
position similar to that of the percentage of carbon dioxide. ‘This simple concep- 
tion of the relation between temperatures and assimilation stands quite apart from 
all previous views. 

For temperatures above 33°C. the result is complicated by the injurious effects 
of the temperature. The fatal temperature for Cherry Laurel leaves is in the 
region of 41-45°C., but the specific resistance of the individual leaves is very 
variable, Death is shown by a rapid decrease in the respiration, but it may be 
several hours before this ceases entirely. Exposure to light has a most marked 
effect in increasing the resistance of leaves to the effect of high temperatures. 

Most interesting results were obtained from the prolonged exposure of leaves 
to high temperatures. It was found that the respiration of a leaf in the dark falls 
off much more rapidly than that of a leaf in the light, and the former can in no 
case be taken as a measure of the latter. At first assimilation and respiration are 
equally and similarly affected by the temperature, but later the assimilation 
ceases, while respiration is still active. 


7. On the Dorsiventrality of the Podostemacee, with reference to current 
views on Evolution. Ly Joun C. WILxIs. 


The paper read is an extract from a forthcoming paper in the annals of the 
Royal Botanic Gardens, Peradeniya, upon the Morphology and Ecology of the 
Podostemaceze. This order shows a very far-reaching dorsiventrality of structure, 
both vegetative and floral. Two lines of argument are followed—one morpho- 
logical, the other ecological. Commencing with the less modified types found in 
the order, which show a slight amount of dorsiventrality in the vegetative system 
and none in the floral, a series is traced through the more modified types, showing 
the progressive increase in dorsiventrality of the vegetative system followed 
throughout by an increase in that of the floral, showing first in the spathe and 
bracts, then in the androeceum, next in the gynaeceum, and lastly in the interior 
of the ovary. In the next place, the same series, regarded ecologically, shows that 
though the flowers are steadily more and more zygomorphic—a condition usually 
regarded as an adaptation to insect visits and accompanied by a horizontal position 
of the open flower—we have here flowers which stand stiffly erect, and are more 
and more anemophilous and autogamous, 

The most reasonable explanation of these facts seems to be that the dorsiven- 
trality of the flowers has been forced upon them, without reference to any advan- 
tage or disadvantage in the performance of their special functions, by the steadily 
increasing dorsiventrality of the vegetative system, the latter being due to the 
general effect of the total conditions of life acting on the hereditary peculiarities of 
the ancestral forms, whether directly or indirectly. Now the dorsiventrality of 
the floral organs is a character of high taxonomic value, and upon the various 
degrees of it the grouping of the Podostemacee is chiefly founded, while it is 
always regarded as important in other families. The conclusion drawn is supported 
by the facts of dorsiventrality in other families, and if admitted as probable opens 
up a number of new points of view, and raises questions which must be settled 
one way or the other, 

If one character of importance may thus be forced upon an organ or organs 
without reference to any advantage to that organ in the performance of its func- 
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tions, it seems only likely that others may; and consequently, that the study of 
adaptation must enter upon a new phase in connection with the study of come 
parative and experimental morphology and of variation. 

Another question raised is the insecurity of our conceptions of genera and 
other taxonomic groups, and the need of some more quantitative and phylogenetic 
basis. We divide the Podostemaces, for example, into genera and sub-orders 
largely upon the degree of dorsiventrality displayed in the flowers and fruits, bu’ 
we do not know the real quantitative or phylogenetic value of the distinctions. It 
also follows from the above conclusion that it is highly probable that many genera, 
species, sub-orders, or even larger groups, may be polyphyletic. We can easily 
imagine a group of allied or similar species, for example, all becoming more 
dorsiventral in their vegetative systems, and at last all of them showing the effect 
in the floral organs. As the effects in the latter seem to follow very definite rules, 
all these species may presently form a polyphyletic genus, there being no ancestor 
which has the generic characters. The same reasoning applies to higher groups, 
and in the very largest groups we are already beginning to perceive clearly that 
many, if not most, are more or less polyphyletic. It is evident that this view, if 
it prove true even in part, will help in clearing up the darkness which surrounds 
many of the problems of evolution, geographical distribution, &c. 


8. Foliar Periodicity in Ceylon. ° By Hersert WriGs?. 


The high temperature and humidity of the air in most parts of Ceylon allow 
almost continuous growth of the arborescent vegetation. There are, however, 
nearly two hundred species which become leafless at different times of the year. 

External and internal factors affect the phenomena of defoliation and foliar 
renewal, The climatic effect is obvious from the fact that the majority of our 
deciduous species become leafless during our hottest and driest months. The 
deciduous trees respond only to one hot dry period of three or four months, and 
not to the dry part of each monsoon, Some species undergo complete defoliation 
twice per year ; others exhibit incremental foliar activity several times per year, 
in addition to a complete annual renewal, and many introduced species show great 
variation during their phase of acclimatisation. In the northern districts, where 
the rains of the south-west monsoon are very feeble as compared with those at 
Peradeniya, the defoliation is considerably delayed. The climatic conditions in 
Ceylon are not equable enough to allow continued development along personal 
lines, and botanists desiring to study the personal equation in plant life should 
select a more equable area. 

Internal forces are, however, obviously at work, as evidenced by the following:— 


(a) Species retain full possession of their foliage or put forth new leaves when 
the temperature and dryness of the air is at the maximum. 

(6) Some species drop their leaves and remain bare during wet, cool months, 
when transpiration is at the minimum. 

(c) Plants of the same species, on the same plots, are deciduous at periods 
varying by many weeks and months, ? 

(d) The same species may undergo defoliation at approximately the same time 
of the year, though under the dissimilar climates of Peradeniya, Colombo, and 
Mannar. 


The irregularity of foliar periodicity is very pronounced. There is not a month 
when all the trees are in full leaf. 

The foliar periodicity of the evergreens is as complex as that of the deciduous 
trees, the foliar renewal taking place annually, bi-annually, or weekly, all being 
subject to individual variations. 

_ Complete defoliation and foliar renewal in temperate and tropical zones often 
results in the differentiation of rings of growth in the secondary xylem. The 
variation in our tropical species is so great that an exact knowledge of foliar 
activity must be at hand before the time-value of the rings of growth can be 
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determined. Saplings may undergo foliar repletion in the first yeat, or several 
years may elapse before this occurs ; mature plants may be characterised by annual, 
bi-annual, or incremental periods of leaf production; further, many trees are 
repeatedly detoliated by the ravages of insects, bats, and fungi. 

Foliar periodicity is the most potent factor in determining the number and 
significance of the rings of growth, but for the complete interpretation of these a 
further knowledge of the rate of cambial activity and the independent effect of a 
hot dry season is necessary. 

The rate of cambial activity is of especial value in determining the varying 
significance of the xylem differentiations in slow-growing deciduous or quick- 
growing evergreen trees, 


SATURDAY, SEPTEMBER 13. 
The Section did not meet. 


MONDAY, SEPTEMBER 15. 
The following Papers were read :— 


1. Fossil Nipa Fruits from Belgiwin. 
By A.C. Sewarp, ILA., F.RS., and E. f . ArBER, J/A. 


2. The Seed-like Fructification of Miadesmia Membranacea (Bertrand), a 
Lycopodiaceous Plant from the Coal Measures. By MARrcsarer 
Benson, D.Sc. 


These interesting forms were first recognised in some Dulesgate slides sent by 
Mr. Lomax to Professor F. W. Oliver. Mr. Lomax has during the Jast year 
been able to secure many further examples which have confirmed Dr. Scott's 
suggestion that they were the missing sporophylls of Bertrand’s new genus, 
Miadesmia.t The foliage leaf besrs a ligule in a longitudinal groove with 
thickened base and sides. In the sporophylls the sporangia are inserted singly in 
the proximal end of the groove, and are large and pedicellate. 

They lie in a plane parallel to the lamina. In the megasporophyll the sides 
of the groove are completely coherent above the sporange, and thus forma velum ; 
while the fimbriated distal part, together with the lamina, form a micropyle and 
collecting apparatus. The wall of the megasporange is composed of several 
layers of isodiametric cells, and encloses a single thin-walled megaspore or embryo 
sac. The microsporange has no velum, and the wall is formed of a palisade layer. 
The author’s thanks are due to Dr. Scott, who with Professor Oliver’s sanction 
placed the earlier slides at her disposal. 


3. A possible Calymmatotheca Type of Fructification showing Structure. 
By MarGcaret Benson, D.Sc. 


In some Dulesgate slides sent to the author in May 1902 there appeared some 
large sporangia, between 3 and 4 mm. in length and about 1 mm. in width, 
which are pointed at the apex and tapered somewhat to the base. The wall 
is composed of several layers of cells, and is provided with large tracheides. 


' Bertrand, ‘ Sur une nouvelle Centradesmide, Assoc. Franc. pour l’Avancem. de la 
Science, 1894. 
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In one of the slides these sporangia were coherent in a cluster of six to eight, 
and bore a very striking resemblance to the Calymmatotheca type, which has 
been so far only known in the form of impressicns. 

These sporangia are associated with petioles and other fragments of Lygino- 
dendron oldhamium. 


4, On some New Features in relation to Lyginodendron oldhamium. 
By J. Lomax. 


Since the year 1872, when the late Dr. W.C. Williamson published his 
Memoir, part iv.,in the ‘Trans. Roy. Soc.’ on Dictyorylon, Lyginodendron and 
Heterangium, this genus of fossil plants has undergone a good many alterations or 
modifications at the hands of the palzeobotanist. 

In the Memoir above quoted Lyginodendron oldhamium is described as an 
unbifurcating stem, but giving off very small branches (see p. 387, figs. 14 and 16, 
Pl. xxv. loc. cit.), and in some respects similar to a Lepidodendroid stem. 

In his Memoir, part vi. 1874, he describes fully a stem to which he originally 
gave the name of Edraxylon, but which now appears under the name of Rachiop- 
teris aspera. (See part vi., figs. 1 to 13, ‘ Phil. Trans. Roy. Soc.,’ 1874. Fig. 13 
he describes as a petiole with pinnules and leaflets.) 

In Memoir, part vii. 1875, he describes a series of specimens under the name 
of Kaloxylon Hookeri. (See figs. 23 to 38, Pl. 5, 6, and 7, loc. cit.) 

The small branches which Williamson described in 1872 under the name of 
‘ Kaloxylon’ have since been proved to be the roots of Lyginodendron. 

In the case of Rachiopteris aspera, it is now well known that it is the leaf- 
stalk or petiole of Zyginodendron, whilst the fossils known as Sphenopteris 
Honinghaust and Sphenopteris distans are the foliage of Lyginodendron. (See 
Williamson’s Memoir, 1890, part xvii.; also Williamson's and Scott’s Memoir, 1895, 
part iii.) 

In most cases when this stem has been described it is as an unbifureating or 
unbranching stem. 

In Dr. D. H. Scott’s ‘Studies in Fossil Botany,’ p. 321, he says that ‘No stem 
has ever been observed to branch; it does not follow that it never did so, but 
branching must have been very rare.’ For some time back I have had various 
Specimens in my possession which I have collected from Dulesgate, near Tod- 
morden, Lancashire, which to me have had the appearance of giving off a branch ; 
but during the last few months I have discovered two specimens which have set 
all doubt on this point at rest. Both specimens are in a first-class state of 
preservation. 

The first of the two specimens was coilected in March last, and is now in the 
possession of Dr. D. H. Scott; it shows a series of twenty-four sections cut 
transversely. The series runs through two internodes; the first shows the leaf- 
trace just about to leave the periderm, and the stele is commencing to take a 
erescent-like form on the opposite side to that of the leaf-stalk which is being 
given off, and so on till the stele of the branch and stem are completely separated, 
and till the second leaf-stalk is given off. There are also several roots given off, 
one or two of which dichotomise immediately after leaving the cortex. 

In the above stem there are a series of four double leaf-trace bundles. The 
entire diameter of the stem is ? inch and about 8 inches long. 

The last specimen I have discovered is also from Dulesgate, from a mass of 
small nodules, one part of which contained a quantity of foliage, broken pieces of 
Sigillarian bark, Rachiopteris bibractensis, and various other fragments. 

In this there is a series of five leaf-trace bundles. This was about 1} inch 
in diameter and about 4 inches long. 

The stem is not quite whole; a portion of one side is missing, but the develop- 
ment of the branch is seen quite perfectly. 

The above two specimens show that Lyginodendron had a branching stem ; also 
that the branch was given off in the one case between two leaf-stalks and in close 
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proximity to several roots. This shows that it has been a plant of considerable 
growth. 

The position of the roots also shows they must have been aérial roots, and not, 
as generally accepted, basal or confined to the basal regions of the stem. 

There is one other point we want to make clear, and that is the generative 
organs of the plant. So far they have escaped our notice, but I expect that we 
may before very long be in a position to state definitely what were the fructifica- 
tive or the regenerative organs of these most interesting fossil plants. 

The detailed description of the above specimen is left in the hands of ° 
Dr. D. H. Scott. 


5, Sporangiophores as a Clue to Affinities among Pteridophyta. 
By D. H. Scorr, M.4., PA.D., FBS. 


Some years ago the writer suggested the probability of an homology between 
the ventral sporangiophores of Sphenophyllum or Chetrostrobus and the similarly 
placed synangia of the Psilote; on this ground, among others, an affinity be- 
tween the fossil and the recent family appeared tenable. This view has recently 
been supported by Professor Thomas of Auckland, N.Z., on evidence drawn from 
certain remarkable variations which he observed in the genus 7mesipteris. In the 
present communication the evidence from comparative structure in the typical 
forms is considered. 

On the view suggested, the synangium of the Psilotex is neither a reduced 
strobilus nor a septate sporangium, but a ventral sporangiophore bearing a variable 
number of sporangia, normally two or three, according to the genus. 

If this interpretation holds good, the nearest affinities of the Psilotese would be 
with the extinct Sphenophyllales rather than with the Lycopod phylum, though 
relationship no doubt exists in both directions. 

In the Sphenophyllales and Psilote the sporangium-bearing pedicel is to all 
appearance a ventral lobe of the sporophyll. Yet it presents, in certain cases, the 
closest agreement with the sporangiophore of the Equisetales, which as a rule 
appears to represent either the entire sporophyll or an independent outgrowth from 
the axis. Puleostachya, indeed, suggests a possible transition from the one type 
to the other, for here the sporangiophores are inserted immediately above the 
‘bracts,’ almost as in Chetrostrobus. It is not necessary, however, to strive after 
a uniform interpretation in all cases. We may regard the sporangiophores either 
(1) As independent reproductive appendages, which may arise in various positions, 
or (2) as representing specialised leaves, or portions of leaves, as the case may be. 
For the latter interpretation analogies may be found among the Ferns. 


6. Notes on the Morphology of the Araucariee. 
By SisintE O. Forp. 


The Araucariew include the two genera Araucaria and Agathis; they are 
characterised by the regularity of their branching and the persistence of their 
leaves. Small ‘accessory ’ lateral branches may occur in the region of the lateral 
branches. 

In mature leaves more than one vascular bundle is present with conspicuous 
transfusion tissue composed of large elements with bordered pits. 

The apex of the stem shows no definite apical cell, but a somewhat irregular 
dermatogen, Well-marked annual rings may be found in the wood, and bordered 
pits are found on the tangential walls of the latest formed summer wood. 

Owing to the persistence of the leaves, the leaf-traces are continued through 
the wood of the stem for some years. Markfeldt has shown that partial tearing 
of the leaf-trace occurs from about the third year onwards in the region of the 
stem cambium. In Agathis robusta, however, tearing may also occur simultane- 
ously in other regions of the trace. 

The roots are diarch or triarch, and secondary thickening ultimately results in 
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the formation of a ring of xylem. In Araucaria bidwillii division of the vascular 
strand into two horseshoe-shaped masses was observed. 

The seedlings of Araucaria, section Colymbea, are characterised by a much- 
swollen hypocotyl. Each of the two cotyledons receives about five vascular 
strands from the hypocotyl; in the leaves a single bundle alone passes out from 
the stem to each leaf, 


7. On the Occurrence of the Nodular Coneretions (Coal Balls) in the Lower 
Coal Measures. By James Lomax. 


During the last fourteen or fifteen years that I have worked amongst fossil 
coal-plants I have been struck with the diversity of ways in which the different 
genera and species of plants occur in the different calcified nodular masses which 
we find so plentiful in the several localities where they are found embedded 
in the coal. 

At the meeting at Bradford in 1900 there was a joint discussion between the 
Geological and Botanical sections as to whether the plants which entered into the 
composition of the different coal seams grew in sitw or not, and from that discussion 
I gathered that the opinions were evenly balanced. Consequently, from that time 
to the present I have taken a very great interest in observing the position in which 
the nodules are embedded in the coal seam. It is well known that there is only one 
seam of coal in which we find these nodular concretions, and to which different 
names are given in the different districts where it is worked. In the Yorkshire 
district it has the name of the Halifax Hard Bed; in Oldham, the Upper Foot 
Mine; Bacup, the Mountain and Union Mine; Todmorden, which includes 
Dulesgate, the Union Mine; Sheffield, the Gannister Mine ; and so on. But, where 
it is found, in nearly all cases the roof contains similar concretions, with this 
exception—that the fossil remains contained therein are of marine origin, while 
those found in the coal underneath are always of yegetable origin. Sometimes, 
but not very often, we may find a stray stem in the nodular concretions from the 
roof, such as Dadoxylon, Calamites, Lepidodendron harcourtii; and the best 
specimen of Rachiopteris grayii that has ever been found in the English Coal 
Measures I discovered in one of these nodules from the roof. 

It is not my intention to enter into the chemical composition of these concre- 
tions, only so far as to state that in most cases they consist of calcium carbonate 
and iron pyrites in varying proportions; and in a few places we find that there is 
a mixture of silica with the carbonate of lime. I have obtained from three 
localities portions of the seam with these concretions of various sizes embedded 
in the coal. Some of the pieces I have obtained have been over 2 feet long and 
1 foot in diameter. I have cut these in various directions to show the plant 
tissues—how they ran, whether one nodule was coincident with its neighbour 
(that is, if the tissues in the one nodule ran on into the next), and if the 
tissues of one nodule ran parallel with those of a succeeding nodule either 
lower or higher in the seam. In that object I have been very successful, as 
the specimens will show. 

During these investigations it has been gradually forced on me that, at least 
in this case, these plant remains have not grown on the spot where we now find 
them, and for the following reasons :—In one nodule out of a number which were 
joined together by the surrounding coal we have a portion of a transverse 
section of Stigmaria, about one-half the whole section; and in the nodule 
adjoining to the right there is no portion of this Stigmaria whatever, but a 
fragment of a longitudinal section of Amyelon radicans and Stigmarian 
rootlets. In the one to the right above it there is still no part of it, and in the 
one to the left we have no part of it either. It is so with the various masses I have 
examined. Some we have which have contained nothing but Stigmarian rootlets; 
their neighbours would contain Lyginodendron, Rachiopteris bibractensis, and 
so on, in short pieces; another, Stigmarian rootlets, with a short piece of 
Lepidodendron fuliginosum, which could not be seen from the outside of 
the nodule, but was totally enveloped by the rootlets; and so on. 
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If these plants had grown on the spot where we now find them, and been 
petrified, we should have certainly found, where we had an abundance of nodules, 
that these stems would have been continued from nodule to nodule; but that is 
not so. What we find is a quantity of fragments of short pieces of stems, &c., 
some with the cortex, some without, some split in fragments, and so on. The 
natural conclusion is that the various portions of plants have been carried into 
their present position after being broken in fragments, and before petrification, or 
they have been carried from a parent bed after petrification. 


8. The Morphology of Sporangial Integuments. 
By W. C. WorspEL. 


Angiosperms. 


Theories on the nature of the integuments of the ovude:— 


1. Foliar-appendage theory : The integuments are the foliar appendages of the 
nucellus, which is a stem structure. Supporters of this view: Alex. Braun, Aug. 
St. Hilaire, Schleiden, Payer, Schmitz. 

2, Sut generis theory : The integuments are special protective outgrowths of the 
sporangium, this latter being an organ sud generis. Evidence for this view is 
afforded solely by facts of ontogeny : Strasburger, Goebel, Eichler. 

3. Foliolar theory, chiefly elaborated by the last of the undermentioned authors. 
Based entirely on the evidence of the abnormal metamorphoses of the ovule ; these 
are of avery constant character, subject to control of very definite laws; the two 
integuments tend to proliferate into a three-lobed marginal leaflet or segment of 
the carpel, of which the terminal lobe, bearing the nucellus (when present) on its 
upper surface, represents the inner, while the two lateral lobes represent the outer 
integument; this is the extreme proliferated form. Between this and the normal 
ovule every intermediate transitional form has been observed, the extent of prolifera- 
tion depending on the stage of development of ovule at which the tendency thereto 
sets in. Cases where proliferated outer integument appears as a simple lamina 
bearing normal cup-shaped inner integument containing nucellus on its lower 
surface; this structure arises morphologically by fusion of the inner margins of 
the two lateral lobes of the leaflet in the extreme proliferated form across the face 
of the latter, the terminal lobe at the same time becoming inrolled. The whole 
structure and mutual relationship of the parts is well shown by means of certain 
abnormal forms of foliage-leaf in Syringa. Hence the ovular integuments are the 
morphological homologues of a three-lobed segment of the carpel. In the normal 
ovule the upper surface of the inner integument is directed inwards to the nucellus, 
this latter being morphologically an emergence from that surface, while the upper 
surface of the outer integument is directed outwards and away from the inner 


integument, This applies to all cases: Brongniart, Cramer, Warming, Gelakovsks. 


Gnetacee. 


Gnetum has normally three envelopes surrounding the nucellus. Theories as 
to their nature :— 


Some regard outer envelope as an ovary, others as a perianth, others again 
as a third integument. The view maintained here is that it is a perianth, as two 
integuments occur uniformly throughout Gymnosperms. 

Ephedra and Welwttschia each possess two integuments. Theory as to the 
nature of outer integument in the former: perianth. 


Contfere. 
Views as to nature of the sporangial appurtenances :— - 


Baillon, Parlatore, Sperk, and others regarded the single envelope as the ovary ; 
almost all other botanists agree as to its integumental nature. Seminiferous 
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scale: Schleiden, Baillon, Strasburger, Masters, regard it as an aia structure; 
Sachs and Eichler as a ligular placenta; Delpino and Penzig as the two lateral 
lobes of the bract; R. Brown as a carpel; Van Tieghem as, the first and only leaf 
of an axillary bud; Braun, Caspary, Von Mohl, Stenzel, Celakovsky, and several 
others as homologous with the two first leaves (or their ovular representatives) of 
an axillary bud. Gelakovsky holds further that throughout Coniferse the ovule 
has two integuments; in Abietiness, Taxodinez, Cupressinese, Araucaries, the 
outer integument is normally proliferated as a seminiferous scale, this being the 
exact counterpart of certain stages in the proliferation of the ovule of angiosperms ; 
in Podocarpus, Cephalotaxrus, Torreya, and Ginkgo it is the outer fleshy coat of the 
seed ; in Zaxus, Microcachrys, Dacrydium, it is the fleshy aril, 


Cycadacee. 


Most authors regard ovule as possessing a single integument. Gelakovsky 
considers it, along with Cephalotazrus, &c., as being holochlamydeous, 1.e., haying 
the two integuments intimately united, the outer fleshy and the inner woody. 


Filicinee. 
Homosporous Leptosporangiates. 


Celakovsky’s view here maintained that soriferous segment of pinnule, bearing 
as arule sporangia on its lower (dorsal) surface, is the homologue of the outer 
intezument of the ovule in Angiosperms, and indusiwm that of inner integument. 
Evolutionary series can be traced beginning with:—(1) Thyrsopteris and Hymeno- 
phyllacee where indusium, enclosing sorus, is terminal to leaf-segment = most 
primitive type. (2) Dicksonia, Cibotium, Davallia, Lygodium: the indusium, 
along with sorus, is displaced on to lower surface by outgrowth of leaf-segment. 
(8) Cystopteris, Cyathea, &c.: sorus arises from earliest stage onward on lower 
surface. (4) Polypodiwm, Pterts cretica: indusium completely disappeared ; all 
these conditions have their homologues in stages of the proliferated ovule. 


Heterosporous Leptosporangiates. 


In Salviniacew the fruit is equivalent to an ovule with one integument ‘ 
indusium =inner integument, and leaf-lobe bearing sorus is probably homologous 
with outer integument. Striking resemblance between monangic sorus of Azolla 
and an ovule. In Marsiliacee fruit=compound fruit of Salviniacese. In Pilw- 
laria it is homologous with the pinnately 4-foliolate leaf of Marsilia; in Marsilia 
with a pinnately multifoliolate leaf. Outer wall of sporocarp is homologous with 
upper surface of outer integument of ovule; indusium, enclosing many sor?, with 
inner integument of latter. 

In most Filicinee sorus is polyangic; in Schizseaceze and Azolla it is monangic, 
asin most Phanerogams. In latter polysorous character occurs abnormally in 
Hesperis and normally in Cupressus, where outer integument bears on its dorsal 
surface several inner integuments containing nucelli. 


Lycopodiacee. 


Isoétes: View of Celakovsky held that velum is equivalent to indusium of 
Ferns, and ligule to the soriferous leaf-segment of latter; hence sporangium along 
with these two organs =ovule with its two integuments. 

Lepidocarpon: ‘ Integument’ is probably equivalent to velum of Isoétes, but 
better developed, and thus to inner integument of ovule. Ligule is regarded as 
really situated outside the ‘integument,’ the latter being open at the distal end. 

In other genera either velum or both this and ligule have either quite aborted 
or never been developed, which is probably result of efficient protection of 
sporangia by peltate ends of sporophylls, as in Lepidodendron and Spencerites. 

In Equisetaces peltate sporophylls afford necessary protection. 


9; On Ancient and Modern Seeds. . By Professor F. W. Oxtver, D.Sc 
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TUESDAY, SEPTEMBER 6. 
The following Papers were read :— 


1. On the Morphology of the Seed and Seedling of Torreya. 
By Professor F. W. Ottver, D.Sc., and Miss Epvira Cuick,. 


The seed of Yorreya is remarkable among Gymnosperms in possessing a 
ruminated endosperm. This character, which suggested a comparison with 
Brongniart’s seed Pachytesta of the French Permo-Carboniferous, led the authors 
to a full investigation into the morphology of the genus. This has been possible 
through the courtesy of the Marquess of Huntly, in whose pinetum at Orton 
Longueville an old tree of Torreya myristica regularly produces fertile seed. To 
his head gardener, Mr. A. Harding, the authors are indebted for a continuous 
supply of ovules and seeds in all stages of development. 

The young ovules emerge from the bud at the end of May, and are at once 
pollinated. ‘The pollen-tubes are produced without delay, and by September the 
archegonia are developed. Fertilisation is accomplished during this month, and 
simple stratified embryos are formed before the winter. Next spring the embryos 
continue their development, the seed grows enormously in length, and by the 
second autumn is ripe. 

Whilst a full account of the development of the seed is postponed till a 
future occasion reasons are given for regarding the seed as retaining many of 
the primitive characters distinctive of palazozoic gymnospermous seeds, and an 
attempt is made to elucidate the structure of the seed of Torreya in terms of 
these, 

The structure of the seedling, in which the cotyledons are hypogeal, shows 
a near agreement with that of Ginkgo, and, with other features of Torreya, tends 
to strengthen the links connecting the Taxacez with the Cycads and primitive 
Gymnosperms. 


2. The Nature of the Vascular System of the Stem in Certain Dicotyledonous 
Orders. By W. C. WorsvE tt. 


The object of the present thesis is to show, from anatomical data, that no hard 
and fast line exists between the two classes of dicotyledons and monocotyledons. 
The hollow vascular cylinder of the stem of a great number of dicotyledonous 
orders, if not of all, has been derived from a system of scattered bundles such as 
is characteristic of the stem of almost all monocotyledons. The flowering-stem 
and peduncle, as being those parts of the caulome which have undergone least 
modification owing to the necessities of adaptation to external conditions, exhibit, 
as a rule, most clearly the primitive structure which in the vegetative parts has 
become obscured. The axial organs of the seedling, owing to their limited 
diameter and the small number of leaf-traces concerned in the building-up of the 
vascular system, cannot as a rule possibly exhibit the primitive scattered arrange- 
ment of the bundles. ‘ 

As the stem increased in height and became more woody, and the leaves 
smaller and more numerous, the scattered arrangement of bundles in the stem 
(chiefly a result of the latter being mainly built up of large leaf-bases from which 
great numbers of pluriseriate bundles entered the axis) gradually became modified 
into that of a hollow cylinder, which was necessary both to support the bending- 
strains from a tall stem and to facilitate the continuous centrifugal addition of 
new conducting-tissues by means of a secondary meristem. The stems of plants 
possessing scattered bundles support bending-strains by means of a sub-peripheral 
sclerotic band, and, in those cases where a secondary meristem is present, increase 
their conducting tissue by the continuous centrifugal formation of new scattered 
bundles accompanied by interfascicular tissue. 

As far as the investigation has gone, the primitive scattered arrangement of 
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bundles can be traced in the stem of about thirty dicotyledonous orders, and no 
doubt many more will reveal it. rs hel 

Other characters very frequently accompanying the above feature in dicotyle- 
donous stems are :— 


(a) V-shaped xylem; (4) reticulate and circular phloem; (c) bundle often 
concentric, with central circular phloem, and when collateral often with irregular 
orientation ; (d) few, large vessels in xylem; (e) bundle rounded or elliptic and 
enclosed in sclerotic sheath; (f) very small development of cambium ; (9) largest 
bundles occur nearest centre of stem, the smallest nearest the periphery ; (A) rudi- 
mentary character of many bundles, representing those members of the vanishing 
scattered system which are not destined to form part of the functional cylinder ; 
(2) limit between cortex and cylinder marked by a sclerotic zone ; (7) cortical 
system of bundles which are often concentric in structure; (%) trimerous character 
of some or all of the floral whorls; (J), several orders exhibit 5-merous single 
perianth-whorl in flowers which, as Celakovsky has shown, is derived from 
two trimerous whorls by conversion of lowermost perianth-member into a bract. 


Tn some monocotyledons the scattered bundles have become very peripheral, 
and even reduced to a single series or row of bundles. 

In some cases amongst dicotyledons where the scattered arrangement has 
vanished from the stem it can still be found in the less modified foliage-leaf, 
especially where the petiole is cylindric in contour or possesses a considerable 
diameter. 

In view of the above facts the author cannot agree with those writers who 
maintain that the vascular structure of the seedling stem of dicotyledons generally 
proves it to be primitively tubular in character. The same will, for reasons above 
set forth, apply to the case of monocotyledons. 

A series of slides accompanying this paper illustrates the main feature of the 
subject in the stems, &c., of plants belonging to many natural orders. 


3. The Composition of the Flora of the North-east of Ireland. 
f By R. Liuoyp Prazeer. 


The counties of Down and Antrim form the most easterly part of Treland, and 
the portion which most nearly approaches to Scotland. Their combined area is 2,148 
square miles, and their flora numbers 820 species of flowering plants and vascular 
ceryptogams, Antrim yielding 778 species, Down 752; the total flora of Ireland 
being reckoned at 1,020 species, and the average number occurring in an Irish county, 
according to present knowledge, at between 630 and 640, Down is formed of 
slates and granites, Antrim mainly of basalts. Limestone is very sparingly repre- 
sented, and while the number of calcifuge plants in the flora is large, the calcicole 
group is poorly represented. With regard to the types employed by Watson to 
show distribution in Great Britain, there is in the local flora an almost complete 
representation of British type plants. English type plants are rather poorly 
represented, and are more plentiful in the Antrim than in the Down flora. 
Scottish type plants reach in Antrim their maximum for Ireland ; in Down they 
are somewhat fewer. Of Highland type species there is a fair representation as 
compared with other Irish counties of similar character ; Antrim, though of less 
elevation, contains more alpine plants than Down. Germanic plants are extremely 
few in Ireland, being only thirteen in number; of these the district yields but 
four. In Atlantic type plants Down and Antrim are comparatively rich. 

Turning to the types of distribution which the reader has recently proposed 
for the Irish flora, we find the district is naturally very poor in Central type 
plants, which are largely calcicole and marsh species ; while Mumonian and 

onnacian species are practically absent. Marginal type plants, on the other 
hand, are very largely represented, while of Ultonian species Antrim is con- 
spicuously the focus, Down being considerably poorer. Lagenian plants are only 
tolerably represented, their focus lying farther to the southward, 
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As regards rare plants in the flora, Lough Neagh is phytologically one of the 
most interesting spots, not only in the district, butin Ireland. Here Calamagrostis 
stricta var. sZookert 1s endemic; Tolypella nidifica (if the determination be 
correct) has its only British station; Carex buxbaumii has its only other British 
station in Aberdeenshire; while Speranthes romanzoffiana is, outside the Bann 
basin, in Europe found only in Co. Cork. The Antrim basalt plateau yields 
Savifraga hirculus, Orobanche rubra (in plenty), Eguisetum trachyodon ; while 
the rarest plants of Down are Elatine hydropiper and Zannichellia polycarpa. 


4. The Nucleus of the Cyanophycee. By Harotp WAGER. 


WEDNESDAY, SEPTEMBER 17. 
The following Papers were read :— 


1. A Disease of the Gooseberry, with Notes on Botrytis and Sclerotium. 
By Miss Annie Lorrain SMITH. 


The disease attacks the hard stem of the bushes above and below the ground 
level. The inner bark is permeated and completely destroyed by the mycelium 
of a fungus. ‘The outer bark cracks and splits, and sclerotia are formed on the 
outside or half embedded in the cortex. A Polyactis type of Botrytis with small 
spores was found growing on the wood laid bare by the peeling-off of the bark, 
and also on some of the sclerotia. 

Culture experiments produced more Botrytis, and from one of the sclerotia 
there grew both the Botrytis and a Peziza form which proved to be identical with 
Sclerotinia fucheliana, a disease of the vine, but which in the latter only attacks 
the tender parts of the plant. 

Measurements and cultures were made of various forms of Botrytis and of 
Monilia, and the results compared. Compact clumps of mycelium are formed in 
them all, which vary in the different species, and may be incipient sclerotia, 

Crystals of oxalate of lime were formed in the Botrytis cultures, in one case 
sufticient to form a white deposit at the base of the gelatine. 


2. On the Morphology of the Flowers in certain species of Lonicera. 
By EK. A. Neweit Arser, JL.A., £.GLS. 


The genus Lonicera, L., includes some hundred species, of which about seventy 
belong to the section Xylostewm. The inflorescence of members of this section is 
remarkable in that the gynccea of a two-flowered dichasium are more or less 
completely united together, a character which is made use of as a point of 
systematic importance. The normal occurrence of synanthy of this particular 
type is comparatively rare, but it is also found among members of certain other 
orders, e.g., Rubiacee. 

A study of the morphology of the flowers of species belonging to the Xylo- 
steum group shows that the union of the gynccea is not effected in the same way 
in all species. A series of intermediate stages can also be found leading up to 
such marked types as Lonicera coerulea, L. 

In L. xylosteum, L., and L. alpigena, L., the two inferior ovaries are united in 
one plane by the union of their receptacular walls. This union is very complete 
in the latter species, and probably represents the perfection of this type of 
adaptation. 

Intermediate stages may be found in JZ. nigra, L., and other species, in 
which the same result—the coalescence of the two fruits—is attained in another 
way. Here the gyncecea are for the most part free from one another, but 
surrounded by an outer parenchymatous tissue, arising from the base, This tissue 
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is more highly developed in some species than in others. In L, cerulea, I., and 
L, iberica, Bieb., the two gyncecea are completely inclosed, and united with this 
outer tissue in certain planes. The morphology of this tissue is shown by the 
intermediate stages to be the result of the fusion of the bracteoles of the two 
flowers. 

The biological significance of the coalescence of the two ovaries of the 
cyme is probably to be sought in the fruit, where the union is usually more 
complete and marked than in the flowers, and gives rise in several species to 4 
false berry. This would seem to be an adaptation in favowr of increased seed 
dispersal, in that the seeds of two flowers, inclosed in what is superficially a single 
berry, are eaten by birds at one time. 


3. Some Inquiry into the Physics of the Flow of Fluids in Plant Stems. 
Ly Professor R. J. AnpErson, J/.D., LL.S. 


It is evident that the actual area of the canalicular system may vary from 
place to place, and area is a very important fact to take into consideration. The 
nature of the fluid is of great importance, for a fluid which is nutrient and natural 
is operated on by the tissues, and whilst its adhesive properties are considerably 
modified by the vitality of the tissues its physical characters are likely to be 
changed from end to end of the stem. Osmoses, too, which are ever constant, may 
change the flow in time. So also may the elasticity of the wood alter, and the 
resilience, extensibility, porosity, and amount of gases coutained may all change. 
The formation of cork very soon affects the living exposed tissue, and the tissue is 
rendered impermeable. 

The higher temperatures are more favourable to the flow than the lower. In 
living tissues the ebb and flow associated with chemical interchange is very apt to 
complicate cases, and what may appear a vital phenomenon may be a physico-vital 
or a purely physical one. The effect of ‘the organic’ in tissues not necessarily 
living seems to be a very important question. ‘The ‘ organisation’ leads to phy- 
sical aberrations which, although not unknown, are rarely met with in so striking 
a manner in organic substances. One may place in this category the absorption of 
fluids and vise of temperature in some organic substances, and the restoration to 
the status quo on drying. Examples of physical movements and phenomena might 
be multiplied, but they are well enough known. 

Stems of plants were experimented upon by various fluids of various degrees of 
concentration. The force was secured by a waterhead which acted directly or 
indirectly on the stems in question. The principal heights chosen were 9 feet, 
4 feet, 3 feet 4 inches, and 1 foot 10 inches. The fluids used were water 
from the house main, distilled water, acidulated water, and water with various sub- 
stances in solution. The solutions were sometimes very strong and at other times 


moderately weak. It may be well to note how far in these cases the results bore 
out Poisseuille’s laws.! 


(1) The greater the force the greater the flow. This seemed to hold generally, 
but with some odd aberrations not easily explained. 

(2) The thicker the stem the greater (by far) the amount of fluid passed 
through. 

(3) The longer the stem the greater the resistance. 


(4) The higher the temperature the greater the flow, with some modifications 
and limits. 


The first and most striking fact in connection with the experiments was the 
comparative ease with which almost all the fluids used passed through the stems 
with some few exceptions. 

(2) The flow at nicht was generally lower than the preceding day, estimating 
the hours, and somewhat lower than a few of the midday hours of the succeeding 


‘ A waterhead of 17 feet and 22 feet as well as higher pressures were tested, 
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day (to the night), When the night was manifestly cold the flow seemed to be 
affected thereby. 

(3) The flow in all cases did not reach its maximum at once, but the maximum 
once reached the flow gradually began to diminish, and hour by hour was often 
seen to diminish ; but taking two, three, or four hours the change was most marked. 
So that after a few days the fow materially diminished in all cases. 

(4) The flow experienced slight periods of increase and decrease. Thus after 
estimating the flow from 6 P.M. to 9 A.M. and reducing to the hour, the flow from 
11 to 1 o’clock was found greater per hour. 

(5) The flow having diminished considerably, it was found possible to restore in 
a measure the permeability of the stem by cutting } inch or 3 inch from the upper 
end. 

(6) The permeability although restored was not found to be as permanent as 
the first. The flow in most cases quickly diminished. 

(7) After a series of amputations with the object of restoring the flow, the 
stem refused in several cases to transmit the fluids. 

(8) The stems were weighed before and after the experiments in a few cases, 
The weight after was equal to the weight before the experiments. 

(9) The change from a weak acid to a weak alkaline solution was not followed 
by an increase in the flow. It was noticed that a weak alkaline fluid did not 
appear as weak alkaline for a considerable time, and so far as an acid was con- 
cerned the same result followed. 

(10) An increase in the specific gravity was followed in one case by an increase 
in the flow. 

(11) The use of small stems was not attended with satisfactory results, as 
was the examination of larger stems. 


4, The Function of the Nucleolus. By Harotp WacsEr, /.L.S8. 


5, Samsu, a Fermented Drink of Hastern Asia, did its Characteristic 
Fungus. By B. T. P. Barker. 


Samsu is a variety of arrack. It is obtained by the distillation of a fermented 
liquor prepared from rice. Rice is boiled in water and, after cooling, a powdered 
substance is added to the mixture. This substance causes fermentation, at the 
end of which the liquid is distilled. The distillate is subjected to a second and 
third distillation, the final product constituting the true Samsz and containing a 
high percentage of alcohol. 

The powdered substance can be obtained in the form of small round greyish 
cakes. One of these was obtained by Mr. D. T. Gwynne-Vaughan at Singgora 
during the Skeat Expedition to the Malay Peninsula. The author is much 
indebted to him and to Mr. R. H. Yapp for the supply and for information con- 
cerning the manufacture of the spirit. 

The composition of the cake is a trade secret, but there are apparently several 
ingredients, of which pepper and fruit of some kind form a part. On adding a 
portion to boiled sterilised rice a fungoid growth soon appears, and a red or 
purple coloration is produced. This is due to a species of Monascus. A bacterium 
capable of fermenting glucose has also been isolated. 

The biological processes concerned in the manufacture of the spirit are the 
conversion of the starch of the rice into fermentable sugars by fungi, in particular 
by a species of Monascus, and the alcoholic fermentation of these sugars by a 
bacterium, and possibly also by wild yeasts. The species of Monascus is of 
especial interest. Hitherto the genus has been placed in the Hemiasci on account 
of a supposed formation of spores in a sporangium, surrounded by an investment 
of hyphe. It is, however, a true Ascomycete. The fructification is formed from 
an archicarp, consisting of an antheridium and ascogonium, between which fusion 
takes place. From the latter a ‘central cell’ is cut off, which swells considerably, 
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becomes invested by hyphx, and produces ascogenous hyphe. Owing to the 

nature of the developing ascocarp, the much-enlarged central cell assumes a shape 

so that it completely surrounds the ascogenous hyphz, which soon produce small 

spherical eight-spored asci. The spores quickly ripen, and are set free in the cavity, 

formed by the curiously shaped central cell, by the degeneration of the asci and 

ascogenous branches. Thus a sporangium-like fructification is produced. 
Monascus must hence be regarded as one of the simplest sexual Ascomycetes; 
A fuller account of the species, with figures, will be published later. 


6. Thé Ddrnel Seed-fungus. By B, M. Frerman. 


7. Sew in Ceylon Species of Diospyros. By Hursert Wricut. 


The genus Diospyros, throughout the world, and particularly the species found 
in Ceylon, have hitherto been regarded as mainly dicecious. 

In Ceylon there are twenty species of this genus, and by an examination of 
fresh material in the forest the following sex relationships have been determined :— 


1. Diecious only—Here the male and female flowers are on different trees: 
Examples, D. quesita, Thw. 

2. Monecious only.—The female flowers are in the axil of young leaves only, 
or terminate the young shoot; the male flowers form sessile clusters on woody 
twigs or in the axils of old leaves, Examples, D. acuta, Thw.; D. oppositifolia, 
Thw. 

3. Diecious and polygamous.—In this group there are: (a) true male trees, 
(2) true female trees, (c) trees with male and hermaphrodite flowers. Examples, 
D. gardneri, Thw.; D. affinis, Thw.; D. sylvatica, Roxb.; D. embryopteris, Pers. 

4, Diecious, Monecious, and Polygamous.—In this, the most complicated group; 
there are (a) true male trees, () true female trees, (c) trees possessing true male and 
female flowers on the same twig, (d) trees possessing male and hermaphrodite 
flowers. Examples, D. jirsuta, L.; D. thwartesti, Bedd.; D. ebenum, Koen. 


Continued observations on the flowers, outside the herbarium, will probably 
reveal more departures from the dicecious condition, previously considered the 
normal, 


8. Weisia rostellata, Lindb., in Ireland. By J. H. Davius 


Since the Association lust met in Belfast the Irish list of mosses has been en- 
riched by the addition of several species. Two of them, Cinclidotus riparius and 
Ditrichum vaginans, were mentioned as being new to the British moss-flora. 
Weista rostellata, not previously known to occur in Ireland, has been detected 
very recently in Co. Antrim. The finding of this and other unexpected plants 
in the north of Ireland leads us to hope that further investigation may reveal yet 
other rarities. 


9. Two Varieties of Trifolium pratense perenne. By W. Wixson. 
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Srction L.—EDUCATIONAL SCIENCE. 


PRESIDENT OF THE Secrion—Professor Henry EH, ARMSTRONG, 
LL.D., Ph.D., V.P.B.S. 


THURSDAY, SEPTEMBER 11. 
The President delivered the following Address :—- 


I assure all will be in agreement with me when, at the very commencement of 
my Address, I refer to the grievous loss we have suffered through the death of 
Mr. Griffith. Many of us could count him as our good friend, and are aware 
that he displayed a fulness of sympathy altogether rare among officials towards 
all members of the Association. The value of the service he rendered to the 
Association, on account of the breadth and accuracy of the stores of knowledge 
at his disposal, although widely felt and recognised, was so veiled by his modesty 
of manner and the quiet regularity with which he did his work that only the 
few who came intimately into contact with him can rate his. doings at their 
proper worth. The smoothness with which the proceedings of the Association 
tvere carried on from year to year, notwithstanding the great variety of interests 
represented in it, was in no small measure due to his diplomacy. I have had 
special opportunities of appreciating his extraordinary versatility, as it has been 
my good fortune during recent years to come much into contact with him in 
connection with the Royal Society’s Catalogue of Scientific Papers—a work to 
which he unsparingly devoted himself, rendering thereby important service to 
science. To no Section of this Association can his death be a greater loss than it 
is to ours. The foundation of the Section was in large measure due to his 
sympathetic encouragement and support, and he looked forward to the time when 
it would be one of the most important and popular in the Association. He thought 
of it, I know, as the one which was likely to bring about a fuller understanding 
of the value of science to the community, and eventually to knit a close relation- 
ship between the scientific fraternity and the general public. The withdrawal of 
his counsel has been to me an irreparable loss, and in judging of my shortcomings 
T trust you will bear in mind that at the critical moment I have been unable to 
appeal to his balanced judgment for advice. 


The last meeting of the British Association at Belfast was presided over by 
Professor Tyndall, one of whose most memorable discourses was that delivered at 
Liverpool in 1870 on ‘ The Scientific Use of the Imagination.’ In the course of 
his Address the President could point out that ‘science had already to some 
extent leavened the world’: abundant proof has since been given that he 
was right in claiming that ‘it will leaven it more and more.’ Nevertheless, 
if we consider the leavening effect which science has had on the public mind, 
it is impossible to deny that progress is being made in this direction at a woefully 
slow rate, in no way proportionate to the growth of knowledge or to the 
recognised usefulness of the many discoveries which are the outcome of scientific 
investigation. Science is still treated by society as a rich parvenw all the world 
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over, and is at most invited to its feasts but not incorporated, as it should be, 
with the domestic life of the people. 

Complaint has long been rife that the British are indifferent as a people 
even to things of manifest importance which as a nation of business men 
they might be expected to value. It would certainly seem that we are all 
too forgetful of Tyndall’s warning that ‘every system which would escape the 
fate of an organism too rigid to adjust itself to its environment, must be plastic 
to the extent that the growth of knowledge demands.’ As our President said a 
full quarter of a century ago, ‘when this truth has been thoroughly taken in, 
rigidity will be relaxed, things not deemed essential will be dropped and elements 
now rejected will be assimilated. The lifting of the life is the essential point, 
and as long as dogmatism, fanaticism and intolerance are kept out, various modes 
of leverage may be employed to raise life to a higher level.’ 

But how are we to become plastic to the extent that the growth of knowledge 
demands, in order that rigidity may be relaxed, that conservatism may give way 
to a wise spirit of advance? Probably there is no more important question the 
nation can ask at the present time: for that we are wanting in plasticity is 
proved to demonstration. Does not the shade of our former President stand 
before us and solemnly give answer: ‘ By the cultivation and exercise of imagina- 
tive power—by the scientific use of the imagination’; for in these days are we 
not indeed a people ‘of little faith’P There would seem, in fact, to be clear 
evidence, if not of destruction, at least of impairment, of imaginative power under 
modern conditions—that the tendency of education is to kill rather than to 
develop the very power on which the progress of the world depends. A dearth 
of imaginative power is strikingly apparent in art, in literature, in music, in 
science, in public taste generally, the prevailing tendency being to imitate rather 
than to originate and individualise. Commentators and critics of sorts abound, 
but these rarely display any catholicity of judgment. Leaders are few and far to 
seek. The prevailing policy is that of the party in power—and more often than 
not of a caucus behind it—not the policy which on broad general grounds is the 
most desirable ; in fact, little attempt is made to discover in any scientitic manner 
what would be the really wise policy to pursue. Nothing could illustrate this 
better than the state of chaos into which affairs educational are plunged at the 
present time. Those who dare to differ or offer advice are looked at askance and 
always with jealous eyes; too often also everything is done to block the way of 
the reformer, not from any base motive but as a rule from sheer inability to 
appreciate what is proposed—from sheer lack of imaginative power. Necessarily, 
as the conditions of civilisatiun become more complex, the tendency to accept and 
follow must become greater, self-satisfaction more and more complete and 
general: unless effective means be taken to counteract such a tendency, decay 
is inevitable. 

The phrase ‘creatures of habit’ is familiar to us all: few will deny that we 
are seldom otherwise than creatures of habit, that plasticity of mind is a rare attri- 
bute. But the growth of knowledge is taking place at such a compound interest 
rate that a high degree of plasticity is essential if we are to avail ourselves thereof. 
We were formerly accounted a nation of shopkeepers—of clever shopkeepers—but 
now the title is passing from us to the Germans and Americans, because they are 
more alive than we are to the fact that in these days it is necessary both to 
organise and to be alive to every opportunity. If we would put money in our 
purse in future, it will be necessary to put imagination into our affairs, so that we 
may be far more ready to act than we have been of late years. 

And not only is knowledge increasing but our responsibilities are daily 
becoming heavier and heavier. In the minds of thinking men at the present time 
the burden of empire our nation bears is of appalling magnitude: the men who 
have imaginative power are aghast at the flippant unconsciousness of responsibility 
manifest in the public at large and even in the majority of our statesmen and 
politicians, It is widely felt that a deeper sense of responsibility must be induced 
among us, if we are to maintain our heritage intact—if we are to remain worthy 
to play the great part for which by an inscrutable ordinance we find ourselyes 
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cast at the very commencement of a new century, Nothing is so sure as that if 
we cannot show ourselves to be worthy we shall not long be allowed to play the 
part; jealousy confronts us on all sides; and we have learnt that the struggle for 
existence is Nature’s first law, against which philanthropy is powerless so long as 
it be not universal—a contingency which is not even remotely possible. It is little 
short of remarkable that we should be able to go so far as we do in securing the 
services of able men to conduct our affairs generally; but we cannot be too 
mindful of the duty incumbent upon us of developing the store of ability latent in 
the nation and above all of maintaining intact our heritage of individuality. 

The call to organise the forces of our empire is imperative but we do not heed 
it in any proper manner. For many years past we have rarely refused to treat 
with utmost consideration the representations of those who have dwelt on the 
importance of our Navy. One of the most highly respected men in the country 
at the present day is our gifted American cousin, Captain Mahan, on account ot 
the way in which he has exercised his powers of imaginative insight and taught 
us to understand our achievements at sea, to appreciate the true meaning and 
value of sea power. We need a Mahan to discuss the larger issues of national 
defence through education, to teach the nation the true meaning and value of 
education. The Ship of State is of vastly greater consequence than the mere 
Navy: yet those who direct attention to the insufficient character of its arma- 
ment are scarce listened to; not the slightest effort is made to secure for it a 
scientifically adjusted and organically complete machinery for the effective adminis- 
tration and working of all its departments; the drill of its crew is woefully 
incomplete ; what is worse, there is a terrible absence of organisation and discipline, 
a terrible absence of willingness, little if any desire to co-operate among those who 
are charged with its care; and the consequences of neglect are not immediately 
obvious. In war we appreciate the effects suddenly: a long list of killed and 
wounded brings its meaning home to us at once; we know that we must pay 
the penalty of defeat forthwith; the indemnity exacted can be expressed as a 
lump sum. The battle of life is waged in a less obtrusive way, the killed and 
maimed are not scheduled in any regular mavner, and so it escapes our notice that 
in reality the carnage is awful, that few if any escape without severe wounds, that 
defeat is constant and yet often dealt so silently and imperceptibly that it excites 
littie comment. But we know that vastly more than is done might be done to 
alleviate if not to prevent suffering and even to give charm to life where at 
present there is but pain, if only our efforts could be organised. If we reflect on 
the bareness of the life lived by the majority, on the debasing conditions under 
which very many are placed, on the terrible evils consequent on indulgence in 
drink—surely we must agree with Tyndall that the essential point is to raise life 
to a higher level, to elevate the general tone of thought, and that it is our duty to 
consider more seriously than we have done hitherto what use can be made of the 
forces at our disposal for the purpose. 

If we will but picture to ourselves how most of our difficulties, and especially our 
slow advance are consequences of lack of imaginative power, or perhaps rather of 
failure to exert the power which, though latent in most of us, is not sufficiently 
called into being by practice; if we will but consider how much of our success 
has been due to the exercise of imaginative power: we may be led to propound a 
fruitful theory of education, a theoretical basis on which a sound educational 
structure may be reared. It has been well said by Carlyle ‘that all that man 
does and brings to pass is the vesture of a thought.’ In fact, the illustrations 
which may be given of the value of theoretical conceptions, of imaginative power, 
are innumerable. Taking recent events, if we consider the success achieved by the 
late Mr. Rhodes, the narrow-sighted will say he was a practical man: a man who 
did things and led others to do. Those with broader views recognise that at 
heart Mr. Rhodes was a theorist, an idealist, a man of imagination—hence his 
success. And men such as Lord Roberts and Lord Kitchener, whose immense 
services to the nation have been so universally admitted of late, are not merely 
practical soldiers of experience but men gifted with powers of insight and 
jmagination—men able to apply theory to practice, Some of those who were 
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unsuccessful in the late campaign are currently reported to have gone out to 
South Africa openly deriding science: it will be well if the lesson taught by 
their failure be not disregarded by their colleagues. The importance of the part 
played by theory in science cannot be exaggerated. We have only to think of 
the influence exercised by the Newtonian theory of Gravitation, by the Daltonian 
theory of Atoms, by Faraday’s conception of Lines of Force, by the Wave theory in 
its varied applications, by the Darwinian theory of Evolution; we have only to 
think of the way in which the reflections of one weak man indited at his study- 
table in a secluded Kentish village have changed the tone of thought of the 
civilised world. Such theories are the very foundations of science: whilst facts 
are the building stones, theories furnish the design, and it is the interpretation of 
facts in the light of theory—the considered application of theory to practice— 
that constitute true science. The marvellous development of scientific activity 
during the past century has been consequent on the establishment of fruitful 
theories. If teachers generally would pay more attention to theory, their teaching 
would doubtless be more fruitful of results: facts they know in plenty but they 
lack training in the considered use of facts. False prophets among us have long 
taught the narrow doctrine that practice is superior to theory, and we pretend to 
believe in it. That the belief is founded on misconception may safely be contended, 
however: the two go together and are inseparable. It is true that we have 
enjoyed the reputation of being a practical people, and have been accustomed to 
take no little pride in the circumstances, to scoff somewhat at theory: but 
behind our practice in the past there was a large measure of imaginative power, 
of theoretical insight; in fact, we were successful because we were innately 
possessed of considerable power of overseeing difficulties, of grasping an issue, of 
brushing aside unessential details and going straight to the point: in other words, 
of being practical. We are ceasing to be practical because modern practice is 
based on a larger measure of theory and our schools are paying no proper 
attention to the development of imaginative power or to giving training in the 
use of theory as the interpreter of facts: didactic and dogmatic teaching are pro- 
ducing the result which infallibly follows in their wake: sterility of intellect. 

Mr. Francis Darwin, in his Reminiscences of his father, tells us that ‘ he often 
said that no one could be a good observer unless he was an active theoriser.. And 
he goes on to say: ‘This brings me back to what I said about his instinct for 
arresting exceptions: it was as though he were charged with theorising power ready 
to flow into any channel on the slightest disturbance, so that no fact, however 
smali, could avoid releasing a stream of theory, and thus the fact became magnified 
into importance. In this way it naturally happened that many untenable theories 
occurred to him; but fortunately his richness of imagination was equalled by his 
power of judging and condensing the thoughts that occurred to him. He was 
just to his theories and did not condemn them unheard ; and so it happened that 
he was willing to test what would seem to most people not at all worth testing.’ 

In his Autobiography Darwin remarks:—‘I have steadily endeavoured to 
keep my mind free so as to give up any hypothesis, however much beloved (and I 
cannot resist forming one on every subject), as soon as facts are shown to be opposed 
to it.’ The italics in these passages are mine. 

Our system of education has no proper theoretical basis. Educators have 
ceased to be practical because they have failed to keep pace with the march of 
discovery, the theoretical basis underlying their profession having been enlarged 
so rapidly and to such an extent that it is beyond their power to grasp its 
problems. The priesthood of the craft are, in fact, possessed by the spirit of 
narrow parochialism: they are upholders of an all too rigid creed, being lineal 
descendants of a privileged class—‘ the knowledge caste,’ to use Thring’s expres- 
sion—whose functions were far more limited than are those which must now be 
discharged by teachers if teaching is to be given which will serve as an efficient 
preparation for life under modern conditions. They enlarge ad nauseam on the 
superiority of literary and especially of classical training, forgetting that their 
preference for classics is but the survival of a practice and that their arguments in 
defence of a literary system are but preconceived opinions. Being incapable ot 
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appreciating the arguments used on the other side, it is unlikely that they will 
ever be able to admit their force. 

So long as the forces of Nature were not tamed to the service of man, they 
could be neglected; sanitary sins were alone found out and punished with 
unsparing severity. But now it is otherwise. To succeed in competition with 
others we must be able to avail ourselves of every opportunity; and wide under- 
standing is demanded of us. Moreover the growth of lmowledge has induced 
severe mental hunger; the feeling that the dainty dishes provided by Nature 
should be in no selfish manner restricted to the few is a growing one; altruism is 
a growing force. We feel that we are called upon to counteract the evils arising 
from the growth of our cities ; from the concentration of workers in large bodies ; 
from the minute subdivision of labour; from the depressing conditions under 
which the masses daily toil. ‘To provide relief and healthy occupation for leisure 
hours, to secure that vacuity of mind and pettiness of motive shall no longer 
be the sore affliction they now are, we must take all the requirements into con- 
sideration and define with utmost minuteness the task in hand; broader and 
higher ideals than those now prevailing must be established, practical require- 
ments must be met. ‘To secure the right attitude of mind for this task will not be 
easy. Few realise, few know, how signal is our failure to appreciate our power, 
how deplorably we neglect our opportunities. The bareness of the fare we provide 
is nothing less than shameful in view of the rich possibilities which lie ready to 
hand, In saying that 

A primrose by a river’s brim, 
A yellow primrose was to him 
And it was nothing more, 


the poet has well pictured our average attitude towards our surroundings, To the 
majority indeed a primrose is scarcely a primrose; it is unseen, It is little short 
of impossible to account for our callous disregard of the wondrous beauty of the’ 
multitudinous objects displayed in Nature’s realm, our willingness to remain 
ignorant of the meaning of the mysterious changes which are ever happening 
before our eyes. That familiarity should breed such contempt is passing strange ; 
but how great the guilt in these days of those who allow the contempt to grow 
up, knowing as they must that the ignorance is easy to dispel, knowing also that 
those versed in the mysteries have ever sought to lay bare all that is within their 
ken. The failure on the part of those who have the charge of education to makea 
scientific use of the imagination is nothing short of complete; there is nothing to 
show that the imagination is ever called into play. 

Surely it were time to make some real effort to imbue all with a proper 
understanding of their surroundings, to create in all minds a higher and reverent 
interest in life. 

Tt is a sad reflection and a grievous blot on our civilisation that our 
pa advisers are mostly so little reeardful, so destitute of understanding, of 
the works of that Omnipotent Power which all must recognise and humbly submit 
to whether or no allegiance be acknowledged in doctrinal terms: they before 
all others should be prepared to consider their inmost meaning and to direct 
attention to their wondrous mechanism, We indeed need to send forth a new 
mission charged with the holy duty of enabling man to appreciate and acknow- 
ledge the beauty of the universe as well as of preparing him to be a thoroughly 
effective worker, thus fitting him for the true, unselfish and reverent enjoyment of 
life. To use the apt words of the Master, quoted by the Poet at the Brealfast- 
table: ‘if for the Fall of man, science comes to substitute the Rise of man, it 
means the utter disintegration of all the spiritual pessimisms which have been 
like a spasm in the heart and a cramp in the intellect of men for so many 
centuries,’ 

If we can but make sweet use of our present adversity, though we may not be 
exempt from public haunt but live even in crowded cities, we shall unquestionably 
soon find 

. . . tongues in trees, books in the babbling brooks 
Sermons in stones and good in every thing, 
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The wonderful prescience of our great poet is nowhere more clearly displayed 
than in these lines; it is more than surprising that although generations have 
been charmed by the music of the words so little has been done to realise their 
meaning or to give them a meaning in the minds of the majority. 

It is but a question of attitude, fur as Carlyle somewhere says, ‘so soon as men 
get to discern the importance of a thing they do infallibly set about arranging it, 
facilitating it, forwarding it and rest not till in some approximate degree they have 
accomplished that.’ 

Unfortunately, there are all too many things of which we fail, through our 
faulty education, to discern the importance but which a little understanding, 
the exercise of some slight imaginative power, would enable us to appreciate. I 
will take the word Energy as an example. No word in the English language 
carries more meaning to those versed in the principles of physical science: yet 
how narrow is its connotation in the minds of the uninstructed majority. As 
a guide of practical conduct, no word is of greater significance; if its true im- 
plication fully seized us the word would ever rankle in our ears and serve to remind 
us of the maxin ‘ Waste not, want not.’ In Great Britain we are using up our 
coal stores at the rate of over two hundred millions of tons per annum. Used at 
such a rate, the supply cannot last many geuerations; whence will our children 
derive their supplies of energy? Energy cannot be created. When we have 
squandered the wealth funded on our earth by the sun in ons past, we must fall 
back on the modicum we can snatch from the daily allowance the glowing orb 
dispenses, for his largess will for the most part be wasted and will be very 
difficult to garner in our country: sun mills, wind mills and falling water being 
but irregular and ill-disciplined servants, trees growing but slowly. In all 
civilised countries the same criminal waste of fuel—of energy—is going on; but 
although we recognise that individual men have no right to live beyond their 
means and have little pity for bankrupts, no corresponding feeling exists on the 
subject of collective squandering. The spendthrift is regarded with equanimity, 
because he but distributes his gold among the many——so that the many gain while 
he alone is the loser, but the energy of fuel is spent irrecoverably and all waste is 
not merely apparent but real. ‘To waste fuel is to court criminal bankruptcy ; but 
to how many does it occur that we are all parties to such a crime? Does any 
schoolmaster or schoolmistress call attention to the fact? How many heads of 
schools could even write a respectable essay on such a topic? When I have sug- 
gested ‘ A piece of coal’ as the subject for a scholarship examination essay. I have 
actually been told by literary critics that you have no right to ask for knowledge of 
facts in a schoolboy’s essay, the object being but to find out to what extent he can 
‘gas’ in flowing periods! A scuttle full of coal excites no emotions in the 
literary mind ; it should be one to call up harrowing visions, as well as a vista of 
memories extending far back into the ages of time—for in no other stone can we 
find a more wonderful sermon. 

To descend to the ordinary level, how many househelders ever take into 
consideration the wicked waste of fuel which goes on in their establishments ? 
how many are really thrifty in the use of fuel? I never see a ‘Kitchener,’ or 
hear it roar, but I shudder. The prevention of smoke is of no consequence in 
comparison with the prevention of the waste of fuel. Even when every care is 
taken the waste is very great—simply because our means of utilising the energy of 
fuel are so imperfect. The best steam engine can recover for us but very few per 
cent. of the energy stored up in the coal which is burnt in its boiler fire. If we 
could succeed in burning fuel electrically—in directly converting the latent energy 
into electricity—it is conceivable that the engine might be of nearly theoretical 
efficiency. But what imaginative power must be exercised to secure such aresult ! 
Cannot we in some measure hasten the time of such discovery ? Professor Perry 
not long ago had the temerity to direct attention anew to the subject in ‘ Nature,’ 
and made what many practical people will consider the impossible suggestion of a 
wildly imaginative, irresponsible Irishman: that a round million or so should be 
deyoted to systematic experiments, with the object of discovering means of increas- 
ing the efficiency of our engines. If we consider what is the cost of a modern 
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battleship ; if we consider what has been spent on the war in South Africa; if we 
consider the extent to which the value of the fuel at our disposal would be increased 
if we could only double the efficiency of our engines and of our stoves, Professor 
Perry’s proposal cannot be regarded as otherwise than modest and sensible. But 
what is of real importance is ‘the implied suggestion that the subject should be 
seriously inquired into at national expense. It must, and at no distant date, be 
admitted that our fuel stores are national assets over which there should be some 
national control. 

I may take Food as another subject of which we fail to discern the importance, 
and which is outside the schoolmaster’s ken, although teachers have stomachs as 
well as other men and boys in particular are believed to take some interest in the 
existence of that organ. It is but a variant on that of energy, as the food we take 
is mainly of value as the source of the energy we expend—as fuel, comparatively 
little being required for the construction and repair of the bodily machinery. 


God has made 
This world a strife of atoms and of spheres ; 
With every breath I sigh myself away 
And take my tribute from the wandering wind 
To fan the flame of life’s consuming fire. 
Oliver Wendell Holmes. 


How many will appreciate this pregnant passage? In how many schools is' 
instruction given which would make it possible to recognise its beauty and 
completeness as a statement of the philosophy of the respiratory process? Our 
ignorance of ourselves and of the functions of food is indeed phenomenal. Life: 
involves the unceasing occurrence of a series of changes for the most part chemical.. 
If the proper study of man be man—as the highest dignitary of our Church some 
time ago asserted it was—the ordinary person would be prone to assume that those 
in charge of education would so direct studies as to give man some interest in his 
own wonderful mechanism; instead they almost uniformly direct that true 
‘culture’ consists in knowing what he has thought and written of himself in 
classic tongues in ages gone by before the slightest vestige of understanding of 
the phenomena of life had been obtained. And we moderns calmly suffer this, 
and at the same time wonder at the way in which primitive peoples allow their 
medicine men and wizards to dominate them. Taking into account what is 
known, ours perhaps is relatively a deeper savagery than is that of most untutored 
races: our educational priesthood are for the most part never trained to a know- 
ledge of the mysteries and deny admission through ignorance rather than 
wilfully. 

From food to the preparation of food is an easy step—in point of fact the 
knowledge how to prepare food properly is of far more importance than any know- 
ledge of what food is and does, as on it depends much of the happiness and health 
of mankind. Cooking is a branch of applied chemistry. We live in a scientific 
age—an age of knowingness, We might therefore expect that our girls at least 
would be so trained at school that with little effort they could become knowing 
cooks. Iam not aware that the authorities who lay down the regulations for 
University Locals or similar examinations have allowed any such “vulgar con- 
siderations to guide them in drafting their examination schemes: niceties of gram- 
matical construction, recondite problems in Geography and History, the views of 
an ancient philosopher who gave himself up to angle worship, are alone thought 
of on such occasions; and yet there aze times, it is said, when these august persons 
deign to take some notice of culinary efforts: they cannot be unaware that 
cookery is a subject of some importance, which might well at least be Jed up to 
at school. To justify my reference to the subject, ‘Jet me read a passage from ‘ An 
Address on Education,’ delivered, not by a narrow-minded Goth who is so lost to 
reason as to doubt the sufficiency of an exclusively literary training as a prepara- 
tion for life, but by a classic, the Headmaster of a great public school, Thring of 
Uppingham, in speaking of the Higher Education of Women at St. Albans in 
1886, 
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‘We English are proud of our homes. We sing songs about them, we write 
on them; in fact, we are very justly proud of our homes. Has it ever entered 
your minds that home to the great majority in a very large degree, and to all in 
some degree, is but a loftier name for cookery? In a cottage good cookery means 
economy, luxury, health, comfort, love. . . . Cookery to the vast majority of man- 
kind means home, and when the weary worker comes back from work wanting to 
refit, cookery alone can turn him out fit for work again. From this point of view 
home is cookery.’ 


Cookery is certainly a subject of which those in charge of education have not 
yet in any way discerned the importance. Our cooks are inferior and wasteful 
simply because they fail to exercise sufficient imaginative power. If we wish to 
make good cooks of our girls, we must teach them to think for themselves and to 
be imaginative—to make a scientific use of their imagination; they will then come 
to see that the subject is a vastly interesting one, full of opportunity for research. 
The kitchen, of all places, is the one, in fact, in which the heuristic method should 
most flourish. 

Could we find tongues in trees we should doubtless find them eloquent on the 
subject of food supply and far more delicate in their tastes than any mortals. 
But how many of us, looking at a green leaf, can in any way call to mind the 
wonderful mechanism which enables the plant to secure the main bulk of its solid 
substance from the fleeting stores in the circumambient atmosphere; or the 
manner in which it is dependent on light; or its mineral needs; or its great need 
of water and its wonderful transpiratory activity? And yet the chief industry 
of the world is agriculture—the feeding and tending of plants. At least those 
who lead a rural life should have their imagination excited on such subjects at 
school ; it is even possible that much of the asserted dulness of a country life 
might pass away ifan interest in plant activity were properly cultivated. And 
schoolmasters might even find comfort in the reflection that, as Messrs. Brown 
and Escombe have recently shown, the translocation of the material first formed 
in the leaves, metabolism and growth are become so intimately correlated that the 
perfect working of the entire plant is only possible in an atmosphere containing 
the normal amount of three parts of carbon dioxide per ten thousand; they micht 
recognise in the plant an organism after their own heart, with ripened conserva- 
tive instincts and unwilling to accept any other than the limited diet long favoured 
by the craft. 

In these days not only the obvious but also the microscopic forma of life 
claim attention: it is imperative that all should be at least aware of their 
existence and mindful of the deadly power that some of them exercise. All should 
be able to read with intelligence the wonderful story of the beneficent labours of 
the great Pasteur—a true saviour of mankind—and appreciate their value. The 
lessons of sanitary science will never be properly brought home to us and heeded 
in daily life until a more direct intimacy with micro-organisms is encouraged at 
school, 

And whether or no there be ‘ good in everything,’ children must at least be 
encouraged to seek it: to use their eyes always and to reflect on what they see. 
A proper use will be made of leisure and of holidays when they are so trained ; 
even ‘ Days in the Country’ will then be days of enjoyment and peace for all, 
never of mere vacuous wanderings, let alone of wanton destruction, and will leave 
no memories of broken glass and waste paper behind them. And in the 
end, the national drink bill may be considerably diminished if Shakespeare’s words 
come to have some slight meaning for all. 


Let us consider what we can do to further this most desirable end. Section L 
is in advance of the times, being concerned with a non-existent science—the Science 
of Education. The science will come into existence only when a rational theory 
of education is developed and applied ; but it is clearly on the very eve of coming 
into existence, otherwise the Section could not have been established; and we may 
contribute much to its development. 

Surely, the primary article of our creed will be that—as Thring has said—‘ the 
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whole human being is the teacher's care,’ for all must admit that the faculties gene- 
rally should be cultivated and educated. At present we make the fundamental 
mistake of disregarding this truth but there is evidence that sounder views are 
beginning to prevail. It is very noteworthy, for example, that in the recent report 
of the Committee on Military Education it is laid down that five subjects are to be 
regarded as necessary elements of a sound general education, viz., English, Mathe- 
matics, a Modern language, Latin and Experimental Science. Moreover it is 
recognised that each of these subjects has a peculiar educational value of its own. 
Such a conclusion takes the breath away; indeed, it is almost beyond belief that 
Headmasters of Public Schools could commit their brethren by attaching their 
names to a report containing such a paragraph as the following :— 


‘The fifth subject, which may be considered as an essential part of a sound 
general education, is Experimental Science, that is to say, the Science of Physies 
ana Chemistry treated experimentally. As a means of mental training, and also 
viewed as useful knowledge, this may be considered a necessary part of the intel- 
lectual equipment of every educated man, and especially so of the officer, whose 
profession in all its branches is daily becoming more and more dependent on 
Science.’ 


Just consider what this recommendation means: that it is now publicly ad- 
mitted by high authority that ad/ boys should have the opportunity given to them 
at school of gaining knowledge by eaperience—by actually doing things themselves, 
not merely by reading about them or being told about them, because this and 
nothing short of this is what is aimed at by all who advocate the introduction of 
Experimental Science as a necessary part of school training. The reign of the 
cleric as absolute monarch of the school kingdom will be at an end if such doctrine 
be accepted and acted upon; there will be some chance of our regaining the 
reputation of being a practical people. Members of the British Association will be 
carried back in a dream, some thirty odd years, to 1867, when a report from a 
Committze, consisting of the General Officers of the Association, the Trustees, the 
Rey. F. W. Farrar, the Rey. T. N. Hutchinson, Professor Huxley, Mr. Joseph 
Payne, Professor Tyndall and Mr. J. M. Wilson, specially appointed to consider 
the best method of extending Scientific Education in schools, was presented by the 
Council to the General Committee and it was resolved: ‘That the President of 
the Association be requested to communicate the Report to the President of the 
Privy Council,’ &c. One among the reasons then given why general education in 
echools ought to include some training in science was, ‘as providing the best disci- 
pline in observation and collection of facts, in the combination of inductive with 
deductive reasoning, and in accuracy both of thought and language.’ History does 
not record what the Privy Council did with the memorial. Had the Council been 
mindful of its duty to the country and paid serious attention to so weighty a 
representation our present position might have been a very different one; the 
German and American bogies would have assumed less portentous dimensions in 
our eyes, and we might have found ourselves far better prepared than we were to 
cope with the conditions in South Africa. Accuracy of thought and language, 
according to the evidence given before the Committee on Military Education, are 
qualities in which military candidates are particularly lacking, notwithstanding 
the asserted value of Latin—the chief subject of study in the Public Schools—as 
mental discipline. 

Unless we are prepared to disregard not only all the lessons of the recent war 
but also the lessons we have been receiving during years past in the wider war of 
commercial competition ; unless we are prepared to disregard the still wider con- 
sideration that education must be an effective preparation for life and not merely 
for business, tne findings of the Committee on Military Education must be em- 
bodied in our practice. Undoubtedly the real issue decided by the Committee was 
the question whether the antecedent, not the technical, training of military 
candidates was properly conducted. In other words, our Public School system 
was on its trial. Although not referred to in so many words, this system is most 
effectively condemned in spirit in every line of the Report and far more between 


TRANSACTIONS OF SECTION L. 829 


the lines. But the Committee have merely recognised what has been known for 
years and years; not a single novel point is brought out—not a single novel issue 
is raised in their report. By making definite recommendations, however, they 
have lifted the subject on to a higher plane, and it is these recommendations which 
require the most careful consideration and revision: for if carried out as they stand 
there will be little improvement in our condition. The Committee have certainly 
done more than they were asked to do, but not more than they were hound to do. 
By the terms of reference they were to consider and report what changes, if any, are 
desirable in the system of training candidates for the Army at the Public Schools. 
Instead they have recognised that education at secondary schools has in a great 
measure conformed to the course generally prescribed by public professional 
examinations originally designed to secure the selection of candidates who had 
availed themselves of the advantages of a good general education; and that the 
State has been careful in the matter of examinations that they should be so framed 
as not to disqualify or hinder the unsuccessful candidate from entrance into other 
professions : or, in other words, that neither more nor less is to be exacted from 
candidates for entrance into the Army than from candidates for other professions. 
Consequently, the requirements to be laid down for Army candidates are such as 
can be met froma sound general education; they arein no way special. The Com- 
mittee have, in fact, pronounced judgment on the subject of all others which is of 
greatest consequence to the nation at the moment. But they were not actually ap- 
pointed for such a purpose, although they should have been, as it was to be foreseen 
that the major issue must be tried if the minor were to be settled. The modern spirit 
in education was not sufficiently represented cn the Committee. Of the witnesses 
examined too few had any practical acquaintance with the work of education, 
although a great many who could judge of its effects gave evidence; and the 
practical side of education was scarcely considered. Only one witness was examined 
on behalf of ‘Science’; Mathematics was unrepresented. Such being the case, 
it is surprising that the Committee should have gone so far in their recommenda- 
tions and a proof how overwhelming the case must be in favour of change. 


Among the signs of the time showing that liberal views are coming into vogue, 
I may refer to the provision made in the new buildings designed by Mr. Aston 
Webb and Mr. Ingress Bell for Christ’s Hospital School, which was removed from 
London in May last. The new home of this ancient foundation is situated in the 
county of Sussex, about four miles south-west of Horsham, and comprises an area 
of 1,300 acres of land—meadow, arable and woodland. Nearly 600,000/. has 
been expended on the new school up to date. Provision is made for 800 boys, 
and together with the necessary staff these will form a colony of some 
thousand persons. The school provides its own water supply, disposes of its 
sewage by the bacterial system on its own premises, and is lit entirely by 
electricity generated on the spot. Only food and clothing are derived ‘from 
the outside. If senior boys, in the future, are allowed to gain some insight into 
the interior management and economy of such an institution, what wonderful 
opportunities they will enjoy! And I hope the day is not far distant when boys 
will learn to understand everything connected with the schooi in which they pass 
so many years of their lives. A school should be the last to deny to boys every 
opportunity of gaining such invaluable experience. Fortunately Christ’s Hospital 
School is conducted on the hostel system ; the masters therefore are not charged 
with household cares and have no temptation to withdraw their thoughts from 
the work of education. The school has no taint of commercialism about it. It 
will be a happy day for our country when this is true of all our schools. 

The school buildings are placed nearly in the centre of the site and cover an 
area of about eleven acres. They are disposed along a slightly convex line facing 
southwards, the extremities curving gently towards the east and west respectively. 
The main range has a frontage of 2,200 feet. At the eastern end, detached from 
the main range and somewhat retired, are the Infirmary and Sanatorium, which 
have a frontage of 500 feet. There are extensive playing fields and also a 
Gymnasium and Swimming Bath. 
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The scholastic buildings are grouped in the centre around a ‘ Quad,’ 300 feet by 
240 feet. 

The Dining Hall, 154 feet by 56 feet, behind which are the Kitchens and 
subsidiary offices, is placed on the north side of the Quad. The Chapel has sole 
possession of the western side. The School Hall, 130 feet by 50 feet, is at the 
centre of the southern side, class rooms being provided in two buildings parallel to 
it but separated by intervals of 40 feet. 

The Science School faces the Chapel, filling the eastern side. The Art School 
and Library are arranged at right angles to it, somewhat in the background. The 
Science School consists of four main ‘ laboratories,’ with subsidiary smaller rooms 
attached to each. No lecture rooms are provided, as Science is to be studied at the 
work bench; but each of the laboratories has a space arranged so that demonstra- 
tions may be conducted within it. The laboratories are fitted up as workshops 
as well as in the ordinary way, so that boys may use tools as well as test tubes, 
and the effort has been made to keep the fittings as simple as possible. Work- 
shops for specific manual instruction will be provided in addition to the Science 
Schools. Experimental Science will be taught throughout the school. It will be 
obvious that body, mind and soul have all been cared for. Whilst due provision has 
been made for the intake of that energy which is so indispensable to the indulgence 
in mental effort as well as to the maintenance of the vital machinery, science has 
received recognition at the hands of the designers of the Buildings, of the Governing 
Body and of the Head Master in a manner heretofore unusual: it has actually been 
placed on an equality even with religious and with literary study, and it may be 
hoped that the reverent regard of the beauties and wonders of Nature gained in 
the Science workshops as well asin the surrounding country will but deepen the 
feelings of devotion proper to the Chapel and greatly help in lifting the life of the 
school to a high level. May the example not be without effect. 

It has been my privilege to act as the nominee of the Royal Society of London 
on the Governing Body of the School during several years past and I may be 
permitted to beer witness to the manner in which one and all have been mindful 
of the needs of the times in arranging the new buildings. I believe few Governing 
Bodies of Schools will do otherwise than promote advance, if properly advised. 
Resistance to progress comes from within the schools. The public must force 
the schools to reform. 


Let me now return to the recommendations of the Committee on Military 
Education. It is to be noted that they clearly involve the recognition of two sides 
to education—a literary and a practical, I use the term practical advisedly, 
because it would be wrong to draw a distinction between a literary and a scientific 
side, as the whole of education should be scientific and science—true knowledge— 
and scientific method—true method—should pervade and dominate the whole of 
our teaching, whatever the subject-matter; and as the object of introducing 
experimental science into the school is to give the scholars an opportunity of 
gaining their knowledge at first hand—by practical heuristic methods, as distin- 
guished from literary didactic methods—the introduction of such discipline may 
be properly said to involve the recognition of a practical side. 

The term practical must not be understood as the antithesis of theoretical. 
Practice is inseparable from theory in all true teaching, the advance from one 
practical step to the next being always over a bridge of theory. But if it be 
granted that education necessarily has two sides, it follows that the Committee 
on Military Education are illogical in their recommendation that Latin and 
Experimental Science may be treated as alternative subjects: they are but 
complementary, not alternative, subjects. The only possible alternative to Latin 
would be a subject in the literary branch—another language, in fact. 

But the recommendations of the Committee are also far from satisfactory on 
the subject of languages. ‘The study of languages, they say, ‘forms a third 
main feature of a sound general education. Of these the most important, from 
an educational point of view, is Latin. Modern languages, though much inferior 
to Latin as a means of mental discipline (at least as generally taught), must none 
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the less be regarded as an important part of a sound general education.’ In face 
of this conclusion it would have been logical to make a modern language rather 
than Latin the alternative to experimental science: obviously the Committee 
dared not omit the modern language. It is true the recognition of experimental 
science and Latin as possible alternatives may be regarded as a high compliment 
to the latter, but it was never intended to be such; in truth it marks the recog- 
nition of the inevitable: that Latin will ere long be deposed from its high estate, 
and intellectual freedom granted to our schools, greatly to the advantage of 
Latin, I believe. There is no doubt that the relative value of Latin as an 
educational subject is grossly exaggerated; those who dwell on its merits are 
rarely conversant with other subjects to a sufficient extent to be able to appreciate 
the effects these would produce if equally well taught. As a matter of fact, in 
the case of Latin the most capable teachers have been chosen to teach the most 
capable boys; the results obtained have been unfairly quoted in proof of the 
superior value of the subject. We have yet to discover the highest value of other 
subjects, their depth of power as disciplinary agents having been most imperfectly 
sounded. And if we consider results, do not they afford proof that the belief in 
Latin (as taught) is misplaced? It has been the staple subject of education and 
has been supposed to afford the most valuable training possible in composition." 
Nevertheless the complaint is general—not only here but also in Germany 
where Latin is far more taught and believed in—that composition is the one 
subject of all others which the schoolsdo not teach. The fact is, Latin is a subject 
which appeals to the minority of scholars; the time of the majority is wasted 
in studying it. I would give to all an opportunity of proving their aptitude in Latin 
and Greek, or at least some opportunity of appreciating the construction of these 
languages ; but I am inclined to favour the proposal—made by high authority, I 
believe—that such studies should follow that of modern languages rather than 
precede it. The true study of classical languages should be reserved for the 
University. In any case, it is beyond question that a very large proportion of 
those who would make magnificent officers are incapable of learning Latin to 
advantage; such will in future enjoy the inestimable advantage of studying 
Experimental Science ; but if those who take up Latin are in consequence to lose 
all opportunity of acquiring some power of reading the secrets of Nature and of 
thereby developing thought-power and mental alertness—and such must be the 
effect of the adoption of the recommendations of the Committee—they will prove 
to be of little value to the. army in comparison with their colleagues whose eyes 
have been trained as well as their ‘intellect.’ In the course of the evidence given 
to the Committee, Dr. Warre expressed the view that Science would kill Latin 
eventually. Nothing could be more unfortunate, but the course adopted by the 
Jommittee is that most calculated to bring about such a result, as Latin is thereby 
put in competition with a subject which must ere long be regarded as a necessary 
subject of school instruction under all conditions, Latin should be made one of 
the optional subjects along with Greek. 

In their scheme of marks for the examination, the Committee put Latin, 
French or German and Experimental Science en an equality by assigning 2,000 
marks to each; but English and Mathematics are rated at a higher value, each 
receiving 3,000 marks. It would have been better to have assigned equal values 
to the several group-subjects regarded as essential to a sound general education. 
It should scarcely be necessary to put a premium on the proper study of a man’s 
own language; the subject has naturally a great advantage over others, As to 


1 Dr. Warre was continually harping on this point in his questions to witnesses 
examined by the Committee. Thus (Q. 3,124): ‘I want to put Geography and 
History into English, and your composition would be tested in that way. We think, 
for instance, that Composition is admirably taught by translation from Latin or 
Greek. (To the witness:) Would you agree with that, that translation from another 
language is teaching English Composition ?’ 

Again (Q. 3,129): ‘When officers have talked to us of the uselessness of Greek 
and Latin, they have neglected the fact that Greek and Latin are the great instructors 
in English.’ Witness (the Rey. A. Robertson): ‘I quite concur in that.’ 
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Mathematics, there is no doubt that this also is a subject of which the relative 
value as mental training has been greatly over-valued ; moreover that the methods 
adopted in teaching it have been very faulty: consequently much time has been 
wasted and its true value has not been appreciated, as it has beeri made to appear 
unnecessarily difficult and forbidding. The evidence before the Committee against 
Mathematics being carried too far was very strong. Thus Captain Lee, in 
examining Major-General Sir C. Grove (speaking of the training at Woolwich), 
said (Q. 604): ‘There was an immense amount of pure mathematics and so forth, 
which one never has occasion to utilise afterwards, unless one becomes an 
Instructor of Cadets at Woolwich, where you teach them the same useless things 
you have learned yourself.’ This elicited from General Grove the teply: ‘ Well, 
there is a strange tendency in Mathematics—I do not know why—that wherever 
you introduce them they encroach horribly. I am always struggling to cut down 
advanced mathematics. And more to the same effect. Again, Lieutenant-Colonel 
S. Moores, when asked whether he considered the syllabus for the entrance 
examinations at Woolwich and Sandhurst to be reasonable (Q. 2,358), at once 
replied, ‘No, sir; Mathematics are, in my opinion, very much over-valued as a 
subject for Army examinations, excepting for the Royal Engineers.’ 

After all, if reasonable standards were adopted both in Mathematics and Latin, 
these subjects would not create the difficulty they do in examinations at present 
by absorbing so much of the time in school that no proper attention can be given 
to subjects in reality at least of equal importance. It should be insisted that 
fundamentals be thoroughly taught by practical methods, so that the know- 
ledge acquired may be real and usable: it is astonishing how far students may 
be carried in Mathematics, how real and interesting the subject becomes to them, 
when they grasp the fact that it has a practical bearing. 

While dealing with Mathematics, 1 cannot refrain from quoting a statement 
made by Captain Lee (Q. 4,209) with regard to the relative values of this sub- 
ject and of science to military men, as the opinion he expressed is of very general 
application. ‘I think it is quite true,’ said Captain Lee, ‘that a great number of 
Artillery officers do go through their service without using Science, but I think 
they feel that any science they know proves of much more practical use to them 
in their profession than the Mathematics they have learned. As far as I know, 
in the most scientific branch of the Artillery, the Garrison Artillery, there are 
practically no occasions where a knowledge of Mathematics is required beyond 
the Mathematics necessary to solve a simple formula, whereas the lack of Inow- 
ledge of Electricity, Steam and Hydraulics is often a serious handicap to the 
otticer.’ I will venture to enlarge on this, and say that, assuming Latin, Mathe- 
matics and Experimental Science were taught equally well, by equally sound 
methods, and that they proved to be of equal value as forms of mental training 
(though, of course, developing somewhat different faculties), the training gained 
through Experimental Science would be far the most valuable because the 
recipients would be brought thereby most intimately into contact with the 
world and most fitted to help themselves by having their thought-power 
developed. Of course this is but an opinion, but one, I venture to think, which 
many share with me; yet I make no superior claim for the subject and ask 
only that it should rank equally with literary and mathematical training among 
the necessary subjects of education. 

It still remains to consider the specific recommendations of the Committee 
with regard to Experimental Science, as these are most unsatisfactory. Nothing 
could be more satisfactory than the manner in which the subject is dealt with 
by the Committee in their general report, paragraph 20, already quoted (p. 828). 
But on turning to the scheme of the proposed examination (Appendix A), it 
appears that not one Experimental Science but two Experimental Sciences are 
contemplated, viz., Physics and Chemistry, either of which may be taken in 
preference to Latin and together with Knglish, Mathematics and French or 
German. A most important issue is involved in this recommendation; it 
cannot be too strongly opposed. 

It is very strange and procf how little we are accustomed to act consistently 
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or to ofganise, that having found a good thing we rarely make use of it. In the 
early days of scientific teaching the elementary parts of chemistry and physics 
were taught as one subject; but gradually, as the individual sciences developed, 
this healthy practice fell into abeyance. ‘Then time brought its revenge: it was 
seen that a very one-sided creature was being trained up; that the subjects were 
in reality interdependent. Moreover, a revolt had been setting in against the 
formal stereotyped manner in which chemistry was being taught in the schools ; 
this came to a head about 1887, and a better policy was inaugurated by the 
Reports and scheme presented to Section B of this Association in 1889 and 1890, 
which condemned ‘ test-tubing ’ in favour of problem work and led to the introduc- 
tion of the quantitative exercises which are now generally admitted to be of the 
first importance. Although the scheme dealt primarily with chemistry, being the 
work of the Chemical Section, it yet had a physical basis ; physical measurement, 
in fact, was its life blood, and all the earlier exercises prescribed in it were in 
essence physical exercises; moreover the importance of paying some attention to 
bio-chemical and bio-physical phenomena was not overlooked. As teachers have 
gained experience of the educational value of the heuristic methods advocated in 
the British Association scheme, they have been led to apply them more and more 
widely, and the teaching of Elementary Science has in consequence been regarded 
with growing favour of late years; more and more has been done to give it the 
necessary breadth so as to constitute it an effective system of ‘ Nature Study.’ 

The University of London—not the reconstituted body of the present day, 
but the much-abused examining body of the past—after careful inquiry a few 
years ago advisedly substituted the subject of General Elementary Science for 
the specific sciences previously prescribed for the Matriculation Examination: by 
so doing it took a forward step which has generally been admitted by those who 
can really appreciate the issue to be one of the most important possible from an 
educational point of view. But the syllabus was imperfectly drawn up— 
although it had many good points—and the examination was entrusted to men 
who, besides having little sympathy with the subject, had scant knowledge of 
school requirements and possibilities. Consequently, the examination was a 
failure, as everyone foresaw it would be if conducted without proper considera- 
tion. The new University has taken the most unwise step of reverting to single 
subjects. It has done far worse than this, however, in making ‘ science’ an alterna- 
tive subject. Such a reversal of the policy so long pursued by its forerunner can 
only be described as a National disaster. I make this statement with utmost 
consideration and trust that the fact that it is so pronounced from the Chair of 
this Section may give increased force to my opinion. 

It may be claimed that the action taken by the Committee on Military Educa- 
tion is in harmony with that approved of by the Senate of the University of 
London. ‘The only comfort left open to us is that afforded by the proverb 
that two wrongs do not make aright. Let us hope that wiser counsels will ere 
long prevail. The consequences of perseverance in so narrow a policy must be 
very serious. Consider the effect even from a limited professional point of view. 
It is widely felt that, owing to the growth of knowledge, it is necessary to 
specialise if we are to do effective work; but this does not mean that we should 
be uncultured. We know that the very contrary is the case; that there was 
never a time when general knowledge was of greater value than it is at the pre- 
sent day. Yet how little this is recognised. The physicist is already unable to 
understand the chemist. And although the biologist is attempting to unravel 
almost transcendental problems in chemistry, he has but the most rudimentary 
knowledge of the subject. What intellectual pigmies we shall be if we pursue 
so short-sighted a policy; how ineffective must be our treatment of borderland 
problems. How little right men of science will have to reproach those who have 
received only a classical and literary training with lack of general culture if we 
remain so narrow within our own domain. And from a general point of view 
the outlook is still more serious. The object of introducing Experimental Science 
into schools is to give training in knowledge of the world: to cultivate 
appreciation of its beauties and mysteries. To do this involves resort in some 
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measure to all the sciences. Chemistry and physics are put first merely becattse 
they are of fundamental importance, chemical and physical changes being at the 
root of all natural phenomena. - 

As to the value of ‘Science’ to military men, it is easy to understand that 
they should have little conception what it may do for them: having never received 
proper training hitherto, they cannot have had the opportunity of testing its 
usefulness or of appreciating its merits. But making all allowances, it is difficult to 
understand an answer such as that given by Lieutenant-Colonel Murray (Q. 4,806) 
to the Committee on Military Education, viz., that ‘Science is a narrowing study 
for the young mind, and we want to widen and open the mind as much as 
possible ; let them learn their science afterwards’ (that is, after the entrance 
examination). The contention of the advocates of ‘Science’ has always been that 
of all subjects it tends most to widen and open the mind. Why attention should 
be specially called to this answer by the Committee in their report is a riddie ; 
I hope it was because they desired to show they could rise superior to the occa= 
sion. But the idea that science ‘can be learnt afterwards’ is a very common one, 
and one of the most pernicious abroad. Learning from books and teachersis a lazy 
and ineffective method of learning; the average scholar is corrupted at an early age 
by exclusive resort to such methods. Much of the mental inertness of the day is 
acquired at school by over-indulgence in book study. But apart from this, early 
youth is the period when the mind is most alert and the desire to acquire and 
experiment greatest ; it is the time when the powers of observing and of reasoning 
can be most easily developed into fixed habits; in fact, if they are not then 
developed, it is only in exceptional cases that the omission can be rectified in after 
life. It is too cruel that Mr. Shenstone, the one witness on the subject heard by 
the Committee on Military Education, should have given expression to the ill- 
considered opinion that the beginning of the study of Science necessarily comes 
somewhat later than that of Latin. The statement shows how prone we are to 
draw false conclusions, how little we think before we speak. The study of 
Science begins when the infant opens its eyes; every step it takes when it toddles 
is an attempt to apply the methods of experimental science; some training in 
scientific method is given in well-conducted Kindergarten schools; but when 
school is entered, the curtain is suddenly drawn upon all such rational study : 
if it be the fate of the child to enter a Preparatory school prior to entering a 
Public school, he is at once referred back to the times of the Romans and Greeks, 
his teachers being oblivious of the real lesson to be learnt from the study of the 
scholastic methods of classical times: that the training given to the youth should 
be such as to fit him to do his work as a man. How can our officers, how can 
any of us, be otherwise than ill-prepared to do our duty in the world when we are 
so treated as youths ? 


Of course all such narrow views, all suck narrow actions, as those I have 
referred to are but consequences of the lack of imaginative power—of our failure 
to make any scientific use of our imagination. Surely it were time we recognised 
this; that we sought to do our duty towards our children. An Arnold who 
could introduce morality into school method, not merely into school manners, 
would be a precious gift to the world in these days. Steeped as we are in 
medizevalism, we need some cataclysm—some outburst of glowing sand and steam 
such as the world has recently witnessed in the islands of Martinique and St. 
‘Vincent—which would sweep away preconceived opinions and give clearness to 
the atmosphere. American industry is distinguished by the readiness with which 
manufacturers scrap their machinery and retit. Why cannot we agree to scrap 
our scholastic and academic ideals, if not our schools and schoolmasters, and refit 
on scientific lines? If we are to weld our Empire into a coherent whole and 
maintain it intact, we must do so. Unless we recognise prophets—if progress be 
allowed to depend on the multitude—we shall perish. And time presses; we 
cannot with safety much longer remain a ‘nation of amateurs.’ An appeal must 
ere long be made to the masses to enforce the provision of leaders; it must be 
urged upon the men that they see to it that their masters are educated: for 
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however democratic we may be in our ideals, history teaches, in a manner which 
admits of no denial, that leaders are the salt of the earth; and in these days leaders 
need a deal of training to be effective. 

Unfortunately it too often happens that those placed in authority are the very 
last to attempt to march with the times. Bodies such as our Universities, the 
Education Department and the Civil Service Commissioners might have been 
expected to lead the way, to keep the most watchful eye on all that was 
happening, to note and apply all improvements. The very contrary has been 
the case. As a rule, they have advanced only under severe pressure from out- 
side, scarcely a change can be credited to their initiative. It does not seem 
to have occurred to them that an Intelligence Department would be a desirable 
appendage. All suffer from the fatal blot that discretion and authority are vested 
only in a few heads of departments; the younger and more active spirits have no 
opportunity granted them while their minds are plastic, full of courage and 
instinct with advance: so when the time comes that they can act they have lost 
the desire through inanition. This is the terrible disease from which all our 
public offices and many industries suffer. It is right to accord experience its 
proper value, but it is wrong to put aside youthful energy and inventiveness. Our 
American cousins owe their advance largely to the recognition of these facts. 

At bottom the spirit of commercialism is the cause of much of the contorted 
action we complain of, Neither Cambridge nor Oxford will take the step which 
has long been pressed upon them—and never more eloquently than by the Bishop 
of Hereford in his paper read before this Section last year—to make their entrance 
examination one which would be in accordance with our knowledge and the recog- 
nised needs of the times, one which would have the effect of leading schools 
generally to impart the rudiments of a sound general education. They cannot act 
together and are afraid to act singly, each fearing that it would prejudice its 
entry if it took a step in advance and in any way sought to influence the Schools. 
The Colleges vie with each other in securing the best scholars in the hope of 
scoring in the general competition. And the Schools have discovered that 
successes gained in examinations are the most effective means of advertising: they 
are therefore being turned more and more into establishments resembling those 
engaged in the manufacture of pdté de foie gras, in which the most crammable are 
tutored without the least consideration of the manner in which lifelong mental 
biliousness is engendered by the treatment. Parents, with strange perversity, 
worship the success achieved by Tom and Dick, Mary and Jane, and think they 
are doing their duty by their children in allowing them to be made use of—for 
private ends. The worst feature of the system is the narrow spirit of trades 
unionism which it has engendered, which leads to the worship for ever afterwards 
of those who have gained the prizes, instead of regarding them but as victors for 
the moment and requiring them at each step to give fresh proof of power. 
Nothing is more unwise than the way in which we overrate the pretensions of the 
‘first class’ man; we too often make a prig of him by so doing. Those who 
succeed in examinations are too frequently not those most fitted for the work of 
the world. A long experience has convinced me that the boys a few places down a 
class are, as a rule, the best material. Those at the top may have acquisitive 
power, but more often than not they lack individuality and the power of exer- 
cising initiative. We must base our judgment in the future on evidence of train- 
ing and of general conduct, not on isolated examinations. If any sincerity of 
purpose be left in us, if any sense of the value of true training—of what constitutes 
true training—can be rescued from the scholastic wreck on which we find our- 
selves at present embarked, we must institute some form of leaving examination 
which will give the requisite freedom to the schools and every opportunity for the 
development of individuality but at the same time necessitate thoroughness of 
training and patient regard of every grade of intelligence ; leaders will show them- 
selves and will not need to be examined for. Examinations as commercial enter- 
prises must suffer an enforced bankruptcy. 

Racing studs must be regarded as luxuries in schools and kept apart from the 
ordinary stables, these being regarded as the first charge upon the establishment, as 
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the serious work of the world will fall upon their occupants. In other words, special 
provision must be made for scholars: they must not be allowed to monopolise 
attention and set the pace to the detriment of the majority. When Carlyle made 
the statement that we had in our islands a population of so many millions, mostly 
fools, he stated what is only halfa truth. He failed to realise that the foolishness 
is very largely begotten of neglect and want of opportunity, not innate. Our 
schools mostly fail to tind out the intelligence latent in the great majority of their 
pupils, and give it little chance of developing by offering them a varied diet from 
which to select. During «a long experience as a teacher, I have over and over 
again seen weaklings develop in course of time into strong men when they have 
been properly encouraged and an opportunity at last found for the exercise of their 
‘talents.’ The Briton is in this respect a most mysterious creature: you never 
know when it is safe to call him a fool. All are agreed that the mistakes in the 
recent war were not due to lack of intelligence but to lack of training. There 
can be no doubt of that. All who have taught in our colleges will, I am sure, 
agree with me that the material sent up from the schools is in substance magnifi- 
cent but too often hopelessly unfit to benefit from higher teaching. The things 
said of those who enter for the military profession are as nothing in comparison 
with what could be said of those who enter for the professions generally. If our 
young people fail to show intelligence in later life, it is as a rule because the 
conditions under which we place them in earlier life are not only such as to leave 
their intelligence undeveloped but—what is far worse—such as to mar their ability. 
The best return we can make to those who did such magnificent service in the 
late war will be to take to heart the real lessons taught by the mistakes: to 
see to it that their children and their successors generally are trained in a happier 
school than that in which they were placed. 

Examining bodies at the present time do not appear to realise the full measure 
of their responsibility. To examine well is at all times a difficult task, far more 
difficult than to teach well. The examiner wields a large measure of authority 
and it is imperative that he should exercise this wisely. Examiners should there- 
fore be chosen with extreme care and with due regard to their fitness for the 
work; but this too rarely happens: the choice falls too frequently on specialists 
with little knowledge of educational requirements and possibilities. The examina- 
tion of boys and girls is far too often put into the hands of those who have no 
real knowledge of the species and little sympathy with its ways. 

There are three courses open to examining bodies—to lead, to maintain them- 
selves just abreast of the times, to stagnate. As a matter of fact, the last is that 
almost invariably chosen—a syllabus, when once adopted, remaining in force 
year after year. Consequently, examinations tend to retard rather than to fayour 
the introduction of improved methods of teaching. It is impossible to justify a 
policy which has such results. The evil effect of examinations would be less if 
the syllabus were abolished and the limits of examinations very broadly indi- 
cated ; this is done in some cases and might be in all. The incompetent examiner 
and teacher are not in the least helped by the conventional curt syllabus, but the 
liberty of action of the competent examiner and teacher and their desire to effect 
improvements are materially limited by it. The competent examiner should 
know what is a fair demand to make of a particular class of students and should 
be in a position to take count of the advances that are being made; the com- 
petent teacher should be able to do all in his power to make the teaching effective, 
and be secure in feeling that his efforts could not fail to be appreciated. To take 
my own subject, the chemistry syllabus recently laid down for the London 
Matriculation examination is quite unsuited to its purpose and most hopelessly 
behind the times. The scheme put forward in the report of the Committee on 
Military Education is but a bag of dry bones. In the case of several subjects, 
the South Kensington schemes are full of the gravest faults, their hoary antiquity 
being their least objectionable feature. Surely a national institution, dispensing 
public funds, should be the last to hold back the nation; it should be provided 
with machinery which would enable it to march with the times. In making 
this criticism I should like to recognise the great work done by Sir William 
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Abney in instituting reforms; but one swallow does not make a summer: a self- 
acting governing mechanism is needed which would at all times maintain the 
balance of practice with progress. 

If we consider the process by which decisions on such matters are arrived at 
even in the bodies representative of very Jarge interests, it is a curiously imperfect 
one. Usually very few individuals are concerned. We are all still imbued with 
primitive instincts. In some way two parties arise and the question is, which 
shall conquer? More often than not the true inwardness of the issue presented is 
left out of account—the considered opinion of the day is scarcely asked for or if 
opinions are collected they are not weighed. Therefore calm reason is rarely the 
arbiter. ‘The conditions of modern civilisation require that some better method 
shall be devised which will really enable us to do that which would be of the 
greatest good to the greatest number. We do not sufficiently remember that 
while we are tilting, the enemy at our gates is contemplating our failure to main- 
tain and strengthen our fortifications and quietly advancing his forces to the 
attack, Speaking of the Navy in the House of Commons not long ago, 
Mr. Arnold Forster said: ‘There was a need for some reinforcement of the 
intellectual equipment which directed, or ought to direct, the enormous forces of 
our Empire.’ Surely we may take these words as true generally. 


At the present time, when the responsibility of controlling all grades of 
education is about to be cast upon the community and the actual call to arms is 
imminent, it is imperative that a sound public policy should be framed and that 
nothing should be allowed to stand in the way of the public good. It cannot be 
denied that School Boards have done most admirable service ; but there are many 
who are convinced that in not a few respects they have been disastrous failures : 
that we need a wider organisation, penetrated with sounder and especially 
with more practical views. The one essential condition of success is that the 
public should treat the matter seriously, realising that their own immediate 
interests are at stake; that they will be the first to suffer if those who are 
chosen by them to formulate the new policy and to supervise the work of educa- 
tion are unqualified and, let me add, to emphasise my meaning, unpractical. If 
the State is to retain any measure of authority, it too must be prepared to exer- 
cise that authority wisely. The blame to be put upon School Boards in England 
for having allowed an unpractical system of education in the schools is as nothing 
compared with the blame to be put upon the Education Department for having 
allowed such a system to grow up by the adoption of academic ideals and academic 
machinery. Until recently, it was a disqualification for an inspector to have 
teaching experience. A good degree, if not political influence, was the one quali- 
fication. Consequently men were chosen whose practical instincts had never 
been developed, who knew nothing of practical life and of common-place require- 
ments, nothing of children and their ways; with rare exceptions the inspec- 
tors could look at education only from between literary blinkers. To intensify 
the evil the wicked system of payment by results was introduced. An inspector 
such as I have described, working under such a system, could not do otherwise 
than destroy teaching.} 

The first necessary step to take will be to reorganise the Education Department, 
root and branch; to imbue it throughout with sound ideals and lead it to under- 
stand its great importance as the head centre of the Educational system: for dis- 
establish as we may and however much we may favour local self-government, a head 
centre there must be to correlate the efforts made throughout the country and to 
distribute wisdom ; but its functions will be those of an exchange and inquiry office 
rather than directive and assertive. At least, such is my reading of the tendency 
of the Zeztgeist. Such a Department will have an Intelligence Board, whose 
members are partly official, partly unofficial, so that it may maintain itself in 


1 The inspector destroys teaching, because he is bound by law and necessity to 
examine according to a given pattern; and the perfection of teaching is that it 
» does not work by a given pattern (Thring). 
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constant touch with outside opinion and effort. One function of this Board will 
be to preside at a monthly bonfire of red tape and official forms; for in future, 
even if no other subject of Government concern be kept in a lively and living 
state, education must infallibly be. The whole staff of the office, including the 
inspectorate, will be required to avail itself of that most valuable institution, the 
sabbatical year, z.e., to spend every seventh year in some other employment, so 
that they may not forget that the world has ways sometimes different from those 
pictured within the office which it is advisable to take note of in education, 
Refreshed and invigorated, they will return to work, prepared to sacrifice all sorts 
of traditions and to recognise the existence of short cuts across fields which had 
before appeared to be of interminable dimensions; and as it will be required that 
they spend a certain proportion of their close time in the company of children—if 
they have none of their own—they will learn that a child has ways and views of 
its own, none the less interesting and worthy of consideration because they are 
somewhat different from those of grown-up people. 

It is fortunate that the Technical Education Movement has been coincident in 
England with the development of the School Board system. Those engaged in it 
have worked untrammelled by official requirements and much original thought has 
been enlisted in its service. In essence it has always been a revolt against the 
academic ideals permeating University education and the schools generally ; the 
faults of the schools, in fact, ave the more obvious in the light of experience gained 
in technical education, which will now come to our aid in correcting them. 

The really serious tasks before those who direct the work of education in the 
immediate future will be the choice of a programme and the provision of capable 
teachers. If they enter on these tasks with a light heart, God help our nation; 
they will thereby give proof that they have no true conception of the great respon- 
sibility attaching to the position they occupy. Let no man offer himself for the 
work unless he feel certain that he is in some degree qualified. 

As to the programme, it may be said that that is for the teachers to settle; 
and so it should be. But it cannot be denied that by long-continued neglect to 
read the writing on the wall, they have lost the claim to legislate ; they have shown 
that they do not know how to legislate. The public must lay down the programme 
in its broad outlines ; teachers must fill in the details. The task imposed upon 
the schools will be to develop the faculties generally—not in the lop-sided manner 
customary heretofore—and especially to develop thought-power in all its forms 
and the due application of thought-power. 

I believe that gradually a complete revolution must take place in school pro- 
cedure ; that the school building of the future will be altogether different from 
the conventional building of to-day, which is but an expansion of the monkish 
cell and the cloister. Instead of being a place fitted only for the rearing of what 
JT have elsewhere termed desk-ridden emasculates, the school will be for the most 
part modelled on the workshop, giving to this term the most varied meaning pos- 
sible; a great part of the time will be spent at the work bench, tool in hand. 
Nature’s workshop will, of course, be constantly utilised, and the necessary provi- 
sion will be made for outdoor exercise and physical training. Scientific method 
will underlie the whole of education. 

It will be recognised that education has two sides, a jiterary and a practicai : 
that the mind can work through fingers; in fact, through all the senses; that it is 
not embodied only in the so-called intellect, a narrow creation of the schools. 
The practical training will therefore be regarded as at least equal in importance to 
the literary. Heads of schools will not only be potential bishops: almost all 
careers will be open to them, In fact, I trust the system will be in operation 
which I have already advocated should be applied to the Education Department: 
that the members of the school staff will be forced out into the world at 
stated intervals, so that they may not degenerate into pedants capable only of 
applying set rules much after the manner of that delightful creation Beckmesser 
in Wagner's opera ‘ Die Meistersinger.’ 

The class system will be largely abandoned. Children’s school time will not 
be chopped up into regulated periods in a manner which finds no analogy in the 
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work-a-day world: instead they will have certain tasks confided to them to do and 
will be allowed considerable latitude in carrying them to completion, In fact, they 
will be treated as rational beings ; their individuality and self-respect will be de- 
veloped from the outset. The Boer War will have taught us to adopt open order 
teaching as well as open order firing. Schools will glory : in turning out individuals, 
not machines. The success of the Americans is largely due to the way in which Re- 
publican doctrines are applied to the up-bringing of children in America. We must 
follow their example and set our children free and encourage them to be free at 
an early age. The human animal develops at a sufficiently slow rate in all con- 
science ; there is little need for man to retard his own development. School, 
with its checks upon freedom and individuality, should be quitted at seventeen at 
latest, I believe, and all subsequent systematic training should take place at 
college. Boys are kept at school after seventeen mainly for the purposes of the 
school. It is claimed that by remaining they gain most valuable experience by 
acting as monitors and prefects; but this experience is enjoyed only by the few 
and might be obtained at an earlier age. Then it is said that seventeen is too 
early an age to enter Oxford or Cambridge, but this has only been the case since 
schools have retained boys to prepare them for examinations and in order that 
they might assist in the mauagement. I believe that the attempts which have 
been made in these latter days to do college work at schools and to establish 
engineering sides in order to find work for senior boys have had a most detri- 
mental effect. Itis said that the training given in technical schools is too far 
removed from practice; but how much more must this be true of technical work 
done under school conditions? The excessive devotion to literary methods 
favoured by schools and the older Universities tends to develop unpractical habits 
which unfit many to face the rough-and-tumble life of the world and is pro- 
ductive of a disinclination for practical avocations. By leaving school at a 
properly early period this danger is somewhai lessened ; moreover it is necessary 
in many walks of life that school should he left early in order that the school of 
practice may be entered sufficiently soon to secure the indispensable manual 
dexterity and habits. For a long time past we have been drifting away from 
the practical; those who are acquainted with the work of the schools, espe- 
cially the elementary schools, are aghast at the influence they are exercising in 
hindering the development of practical ability. We must in some way counteract 
this tendency. On the other hand we have to meet the views of those who very 
properly urge that it is cruel to withdraw children from school even at the age 
we do. The two views must in some way be reconciled. The only way will be 
to so improve the teaching in schools that school becomes a palace of delight and 
the continuation school a necessity. The habits formed at school should be such 
that study would never be intermitted on leaving school. At present, school so 
nauseates the majority that on quitting it they have neither desire nor aptitude 
to study left in them: the work done in it is so impossible to translate into 
ordinary practice, so foreign to outside requirements, 

The problem can only be solved by the scientific use of the imagination. The 
solution I would venture to offer is that an honest attempt be made to teach, not 
only the three R’s, but also a fourth, Reasoning—the use of thought-power—and 
that a properly wide meaning be given to all the R’s. 

Of all powers which can be acquired at school, that of reading is of first import. 
ance, Let teachers read what Carlyle says in the ‘Hero as Man of Letters,’ 
correcting his exaggerations by reading into his words some of the lessons taught 
by experimental science, Reading is not taught in schools in these days; if it 
were, people would not waste their time on the rubbish which now figures as 
literature, for which a rational substitute must be found. A well-read man 
is worshipped at the Universities and is held up toall comers as a pattern. Why 
should not children be encouraged to be ‘well read’? Let us admit this and sow 
books in their path. Thring, in giving utterance to his ‘ Practical Thoughts on 
Education after Thirty Years’ Work,’ speaks strongly on this point. “¢ Great 
interest will make up for want of time, Create great interest,’ he says, 
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These are noteworthy words. ‘As soon as children can read throw away all 
lesson-books for a time. Let them read. Let them read aloud—really read, not 
tumble through the pages. Give them to read poetry, the lives of good men, 
narratives of noble deeds, historical stories and historical novels, books of travel, 
and all the fascinating literature of discovery and adventure. The person who 
has once learnt to read well is tempted to goon. And such books, selected by a 
carefully graduated scheme, would supply endless knowledge whilst kindling the 
mind, without any waste of time from drudgery and disgust. Geography, history, 
and power of speech are all comprised in such books if properly used.’ 

Thring here advocates what I would advocate—the incidental method of 
teaching. Why should there be any set lesson in subjects such as history and 
geography ? Nothing is worse, more stereotyped, more cramping to the intellect. 
than the set lesson of so many lines or pages, of a sort of Liebig’s Essence of 
information, with the attendant obligation of committing the facts recorded in 
them to memory. The child, like the restive, high-mettled young steed, wants to 
be off and away—not to be held severely in hand. Why should not the method 
by which we get up a subject in later life be followed in schools? At least it 
should be properly tried. Let us give freedom to children and at least during 
early years lead them to read hard and wisely: they will do so gladly; and give 
them pictures innumerable in illustration of their reading. And children must 
not only be taught to read books: they must iearn also to regard and use them as 
sources of information; the habit of flying for information to books must be 
cultivated. They must be constantly referred to dictionaries and works of 
reference generally; they must be set to hunt up all sorts of stories. Of course 
the scholastic Beckmesser will object that such a system is impossible, that there 
would be an end to all discipline; but to say this is to show a want of under- 
standing of children and of faith in them, and is proof of failure to recognise 
their power of accepting responsibility when it is properly put upon them. The 
secret of success lies in beginning sufficiently early ; once let them appreciate 
what they are doing and the majority will work eagerly and spontaneously. 

But when the full meaning is given to the first of the R’s, it will be held to 
cover not only the reading of printed or written character but also the reading 
of some of Nature’s signs, to the end that sermons may be discovered in stones 
and good in everything. That is to say, at the same time that they are acquiring 
the true art of reading, they must be learning the true art of experimenting—to 
find out things by putting questions of their own and obtaining direct answers. 
The teaching of the elements of experimental science must therefore accompany 
the teaching of reading. And great care must be exercised that the palate for 
experimenting, for results, is not spoilt by reading. The use of text-books must 
be most carefully avoided at this stage in order that that which should be elicited 
by experiment is not previously known and merely demonstrated—a most inferior 
method from any true educational point of view and of little value as a means of 
developing thought-power. I regard Huxley’s physiography, for example, as a 
type of the book to be avoided until method has been fully mastered. The great 
difficulty in the way of teaching the art of reading arises from the comparative 
paucity of readable books for young people. Text-books are not readable; in fact, 
they tend to spoil reading; and the majority of books are written for grown-up 
people having considerable experience of the world. The mistake is too commonly 
made of expecting children to master ‘ classics.’ On the other hand, we need not 
fear allowing advanced books to fall into the hands of children; they are the first 
to despise the namby pamby stuff that is too frequently offered to them. A new 
literature must be created, if education is to be put on a sound basis; something 
beyond mere word painting is required. Books are wanted, written in a bright, 
attractive and simple style, full of accurate information, which would carry us 
over the world and give clear pictures of all that is to be seen as well as of the 
character and customs of its inhabitants; and books are wanted which, in like 
manner, would carry us back in time and sketch the history of the peoples of the 
earth. The various branches of science all need their popular exponents; our 


Ee  —————--—S—— 


TRANSACTIONS OF SECTION L. 841 


books are for the most part too technical; whilst much has been done to advo- 
cate the introduction of ‘science’ into general education, little has been done 
to make this possible. Unfortunately those who attempt to write readable books 
are too frequently not those who are possessed of sound knowledge: it is time 
that it were realised by those who could write well and accurately that there 
is a duty incumbent upon them; on the other hand, something should be done to 
stem the torrent of text-books which is now flooding the field of education with 
the destroying force of a deluge, making proper reading impossible. 

The true use of books has yet to be found and admitted; we do not sufficiently 
recognise their value as stores of information and savers of brain waste. Why 
should long trains of facts be committed to memory but to be forgotten? It is 
impossible to believe that such a process is mental training; it must involve loss 
of energy and mental degradation. In future we must give the training at less 
cost and teach the art of going to books for minute details whenever they are 
wanted, Nearly every subject is taught in an eminently selfish manner at the 
present time, the expert declaring that the learner must become acquainted with 
all the main facts of the subject, instead of recognising that it is far more important 
to acquire knowledge of first principles together with the power of acquiring the 
knowledge of facts whenever these become necessary. 

The second R may be held to cover not only mere writing but also composition. 
Why is the art of composition taught so badly ? Because it is impossible even for 
children to make bricks without straw: they have little to write about under 
ordinary school conditions. The subject is also one, I believe, which must be 
taught incidentally, at least during the earlier years, and chiefly in connection 
with the experimental work; in fact, to make this last the training it should be, 
an absolute record of all that is done must he properly written out, and while the 
work is being done too. Many teachers, I know, shy at this, and say that 
it is their business to teach ‘Science,’ not literary style; but they are wrong: 
they must inevitably accept the burden if they are to succeed in teaching ‘ Science ’ 
at all. Anexperiment, like an act, ‘hath three branches —to conceive, to do, to 
utilise: a clearly defined motive must underlie it; it must be properly executed ; 
the result must be interpreted and applied. It is only when the motive is clearly 
written out that it is clearly understood—that the meaning or intention of the 
experiment is clearly grasped ; and this is equally true of the result. Of course, 
it is necessary to proceed slowly and not to demand too much from beginners ; but 
it is surprising how the power grows. Drawing, of course, must be included 
under the second R; but this also may with advantage be taught incidentally and 
only receive individual attention at a later stage, when those who show aptitude 
in the incidental work have been selected out for higher instruction. 

The third R must be held to cover, not merely the simple rules of arithmetic, 
and all that is necessary of formal mathematics, but also measurement work. 
Mathematics claims to be an exact subject: therefore it must be treated exactly 
and made the means of inculcating training in exactness; not on paper merely 
but in fact. Moreover, physical science reposes on a basis of exact measurement, 
so that the introduction of experimental work into schools involves the introduc- 
tion of measurement work as a matter of course. 

The fourth R—Reasoning—will necessarily be taught in connection with every 
subject of instruction, not specifically. It is introduced as marking the absolute 
need of developing thought-power ; and, in point of fact, should be put before all 
others in importance. 

Under such a system as I suggest the time of study would be spent in two 
ways—in reading and experimenting. But whatever we do let us be thorough; 
the danger lies in attempting too much, too many things. Each step must be 
taken slowly and warily and a secure position established before going further. 


Treland is fortunate at the present time in that far-reaching changes are being 
introduced into its educational system. A body of men are engaged in this work 
who are, I believe, in every way specially qualitied to promote reforms and 
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earnestly desirous of developing a sound policy. The Irish people have rich powers 
of imagination such as no other section of the nation possesses: it is only necessary 
that these powers be trained to considered and balanced action to make the Irish 
capable of deeds before which the splendid achievements of the past will appear as 
nothing. Of course the development of a true policy must come about slowly, 
and we must not be too impatient of results, but give every encouragement and all 
possible support to those engaged in the work. It is before all things necessary to 
remember that the school is a preparation for life, not for the inspector's visit ; in the 
future the inspector will act more as adviser and friend, let us hope, than as mentor. 

Turning to my own subject, the programmes laid down for primary and 
intermediate schools appear to me to be well thought out and full of promise, 
the only fault that I might be inclined to find being that perhaps they are some- 
what too ambitious. But very able men are directing the work who should be 
able to see that thoroughness is aimed at before all things. Nothing could be 
more gratifying than Mr. Heller’s statement in the Report for 1900, ‘that 
the Irish teachers as a whole seem to possess a great natural taste and aptitude 
for science and the method of experimental inquiry.’ May they seek to set 
the example which is sorely needed to teachers in other parts of the Kingdom, 
I fear there has been a good deal of hand-to-mouth teaching in the past; to 
avoid this, the teacher should not only have a carefully drawn-up scheme 
of work, but should keep a diary in which the work accomplished each 
week is carefully recorded. In this way the weaker teachers will check any 
tendency they may have to relax their efforts, and inspectors will be in the posi- 
tion to understand at once what progress is being made. Education, unfortu- 
nately, is subject to booms as the money market is; just now the ‘ Nature study’ 
boom is on. We must be very careful not to let this carry us away ; whatever is 
done must be by way of real Nature study, and must have very simple beginnings. 
In most of the work that is being boomed the presence of the eternal book is only 
too evident, and such teaching must be worthless. Let the teachers remember 
that the great object in view is to acquire the art of experimenting and observing 
with a clearly defined and logical purpose. If they once learn to experiment 
properly ali else will follow. The inspectors must give constructive help to the 
work; they too must be students and labourers in the cause of progress, not mere 
commentators. And there will be a great opportunity for experts to assist who 
can be helpful to schools. Every school should be provided with a workshop, 
simply equipped with flat-topped tables, in which all the subjects which are 
taught practically can be taken. Elaborately fitted laboratories are not only 
unnecessary but undesirable; the work should be done under conditions such as 
obtain in ordinary life. A due proportion of the school time must be devoted to 
experimental! studies: no difficulty will arise when it is seen that so much else is 
taught incidentally ; and that this is the case must be carefully borne in mind in 
arranging the curriculum—otherwise there will be much overlapping and waste of 
time. Lastly, every effort must be made to keep down the size of the classes. I trust 
that in Ireland the girls will receive as much attention as the boys. Experimental 
teaching is of even greater value to them than to boys, as boys have more oppor- 
tunities of doing work which is akin to it in the world. The work done by giris 
should of course bear directly on their domestic occupations. 


If we are to improve our schools the teachers must be trained to teach 
properly—or rather, let me say, must be put in the right way to teach, because 
practice and experience alone can give proficiency. This is the most difficult of 
all the problems to be faced in providing for the future. It is the one of all others 
to be thought out with the greatest care; in solving it the help of all who can 
help must be secured. No amount of didactic teaching will make teachers; the 
training must be practical. To graft on the ordinary training a course of lectures 
on the theory and practice of teaching plus a certain amount of practice in a 
school is not enough. How can we attempt to teach the theory and practice of 
teaching when we are agreed that we do not know how to teach most subjects? 
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How can a master of method instruct us how to teach subjects of which he has 
only heard? Itcannot be done; in point of fact, we are talking about the thing— 
beating about the bush—instead of treating the problem as one which can only be 
solved by experiment. To teach method, you must know your subject ; one man 
cannot know many subjects. Of course there are quite a number of good general 
rules to be learnt, but the application of these must rest with the specialist; and 
the only proper way of giving training in method is to teach the subject in the 
way it seems desirable that it should be taught. The end result of training 
should be the development of a spirit of absolute humility—of the feeling that no 
task is so difficult as that of teaching properly, no career in which finality is 
more impossible to attain to, no career which offers greater opportunity for 

erpetual self-improvement. The effect of the narrow and unimaginative system 
in vogue to-day is to send forth a set of young persons who arrogantly consider 
that they are ‘trained’; if they would only think of the amount of preparation 
involved in training for athletic competitions, or in training race-horses even, they 
would entertain more modest views and be aware that they have everything to 
learn when they commence their work. The Beckmessers reign supreme in our 
training colleges of to-day; they must be got rid of and true modest experts 
introduced in their place. The test of efficiency must be a real one, not that of a 
mere final examination. The inspectors must see to it that the instruction is 
given always with a view to the fact that the students are to become teachers, 
which at present seems to be the last consideration borne in mind. Every effort 
must be made to secure a higher class of student for the training colleges; a fair 
secondary training must be insisted on. A narrow spirit of trades unionism 
pervades the primary school system at the present time; School Boards and 
managers of Pupil Teachers’ Centres make no effort to secure the assistance of 
secondary teachers, 

My receipt for a training college would be: Develop thought-power and 
individuality ; develop imagination. Teach whatever will do this most effectively ; 
let special subjects be studied in the way that may best be followed in teaching 
them subsequently. 

It is to the lasting shame of our State organisation and of our School Boards 
that so little has been done tu provide competent teachers. 

The future rests with the Universities; but to save the nation the Universities 
must be practical; broader conceptions must prevail in them. A course of 
training which will give true culture must be insisted on. The Universities have 
recently shown a disposition—to use a vulgarism—to throw themselves at the 
heads of the military authorities and to make special provision for the training of 
military students. It is much more their office to train teachers. Why should 
not the example to hand in the engineering school at Cambridge be followed ? 
Why should not a special Tripos be established for teachers in training? I believe 
this to be the true solution of the problem. 

The desire now manifest in several of our large towns to establish new Univer- 
sities comes most opportunely; it should receive every possible encouragement 
from all who have the interests of our country at heart. I believe the objections 
to be altogether fanciful—the outcome of academic views. It is said that the 
value of the degree will go down like that of Consols. But in what does the value 
of a degree consist? Simply and solely in the evidence it affords of training. We 
regard the Oxford and Cambridge degrees as of value because they are proof that 
their possessors have lived for some time under certain conditions which are recog- 
nised to be productive of good. The degrees of other Universities must soon 
come to be regarded as proof of sound and healthy training. It must become 
impossible to obtain degrees such as the University of London has been in the 
habit of awarding, which have been the result of mere garret-study; proof of 
training will be required of all candidates for degrees. 


But I must now bring this Address to a conclusion. The only apology that I 
can offer for its length is that having had over thirty years’ experience as a teacher 
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and being profoundly impressed by the serious character of the outlook, the oppor- 
tunity being given me, I felt that ‘the time has come,’ as the walrus said to the 
carpenter, 

To talk of many things: 

Of shoes—-and ships—and sealing-wax— 

Of cabbages—and kings-- 

And why the sea is boiling hot— 

And whether pigs have wings.’ 

(‘ Alice through the Looking-glass.’) 


This list of subjects is no more varied and disconnected—the problems set no 
deeper—than those to which we must give our attention in dealing with edu- 
cation ; and the sooner the fate of the oysters is that of our present educational 
‘system’ the better. Having shown by this quotation that I am not an absolute 
modern but have some knowledge of the classics, let me finally say, in the words 
of another poet—of him who on various occasions gave utterance to much wisdom 
at the breakfast table, that ‘I don’t want you to believe anything I say, I only 
want you to try to see what makes me believe it.’ 

Something more than an apology for an Education Act such as the powers are 
now engaged in shaping for us must be framed at no distant date, and a determi- 
nate policy arrived at. That policy may perhaps be found in the words put into 
Hamlet’s mouth :— 


Hamlet. To what base uses we may return, Horatio! Why may not imagination 
trace the noble dust of Alexander, till he find it stopping a bung-hole? 

Horatio. "!' were to consider too curiously, to consider so. 

Hamlet. No, faith, not a jot; but to follow him thither with modesty enough 
and likelihood to lead it, as thus: Alexander died, Alexander was buried, Alexander 


returneth into dust; the dust is earth; of earth we make loam; and why of that 
loam, whereto he was converted, might they not stop a beer barrel ? 


Imperious Cesar, dead and turned to clay, 
Might stop a hole to keep the wind away ; 

O, that that earth, which kept the world in awe, 
Should patch a wall to expel the winter’s flaw ! 


Shakespeare thus taught the use of the imagination before Tyndall! The fact 
that we can now carry our imagination far further afield and contemplate the 
survival of atoms once embodied in imperious Cesar in the flowers and fruit 
which deck the fair face of Nature—a higher end than that Hamlet paints—may 
serve to justify the adoption of a method he advocated. Modern progress is based 
on research—the application of imagination. Surely then there is every reason to 
make the spirit of research the dominant force in education ! 


The following Report and Papers were read :— 


1. Report on the Teaching of Elementary Mathematics. 
See Reports, p. 473. 


2. On Recent Reforms in Kish Education. By Dr. W. J. M. Srarkin, 


3. The Subjects to be Taught as Science in Schools, and the Order in which 
they should be Taken. By Dr. C. W. Kimuins. 


The great reforms which have taken place in recent years in the teaching of 
science in schools have been due in large measure to the British Association Report, 
on the teaching of chemistry. Similar reports are needed on the teaching of other 
subjects suitable for instruction in schools. The biological side should receive as 
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much attention as that already given to the physical side, and Committees should 
be appointed to report on the teaching of natural history and botany. 

The sole object of the paper is to concentrate the discussion which will follow 
on a few main points which deserve special attention. 

The Kindergarten, conducted on true Froebelian lines, covering the years 5 to 8, 
may be regarded as a satisfactory preparation for young children. The Experi- 
mental Science Course, based on the British Association Report, covering the years 
12 to 16, may also be regarded as satisfactory; but an important point arises as 
to whether it should be modified in the case of girls. Girls obtain much better 
results in biological than in physical science. 

The interval between the Kindergarten and the Experimental Science Course 
should be utilised for suitable Nature-study teaching. Natural history and botany 
are, as a rule, taught very badly in schools. Systematic botany has been the bane 
of botany teaching, in the same way that qualitative analysis has been the bane of 
chemistry teaching. 

During this interval thorough instruction should be given in practical 
mathematics, including the mensuration which is generally taken as part of the 
Experimental Science Course. This should be given in the time devoted to mathe- 
matics, not science. 


Suggested Scheme. 


Kindergarten : : . - 5 to 8 years 
Natural History . di ; 3 : 8 to10 ,, boys and girls. 
Botany. : : : - : au LOLtol2))*,, 
Elementary Experimental Science . 12tol4 ,, | wore 
Advanced rf 45 . 4tol6 , f his 

With a possible modification for girls :— 
Elementary Experimental Science . : : : 12 to 14 years. 
Botany (more advanced) . : : ; : : 1ttol6 ,, 


The subjects requiring special attention are the teaching of natural history and 
hotany, and the correlation of science and art teaching. The separation of instruc- 
tion in different subjects into water-tight compartments leads to great waste of 
energy and time. Subjects taught as science should be judged entirely by their 
educational, not their informational, value. Hygiene, dealing with the laws of 
health, should, however, be taught for purposes of information. The subject is 
too wide, and includes too many branches of natural science to admit of rational 
treatment without the expenditure of far more time than can be allotted to it. 


FRIDAY, SEPTEMBER 12, 
The following Papers were read :— 


1. Phe Introduction of Practical Instruction into Irish National Schools. 
By W. Mayuowr Hetter. 


_ The position of educational affairs in Ireland to-day is one of extraordinary 
interest. Not only have revolutionary changes in administration of primary and 
secondary education recently occurred, but far-reaching modifications in curricula 
and methods of instruction have been introduced. These sweeping changes were 
the result of the recommendations of recent Commissions, and now within the last 
few days the Commission on University Education has presented its final report. 

The Commissioners of National Education, in taking steps to introduce practical 
instruction into their schools, are attempting to do the work accomplished in the 
towns of England and Scotland by local educational enterprise. 

The introduction of elementary science will be of especial interest to this 
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Association, as it may be attributed directly to the Committee of Section B, 
appointed in 1887. ; 

The ‘Results System,’ having outgrown its usefulness, has given place to an 
‘Inspection System.’ 

Practical instruction in National schools before the change took the form of 
ilies hee in girls’ schools and a little practical science in a very few boys’ 
schools. 

The following subjects are now introduced into the curriculum :—(a) Manual 
instruction; (b) drawing; (¢) cookery; (d@) laundrywork; (e) needlework ; 
(f) singing ; (g) physical exercises ; (4) elementary science. 

Most of these subjects are quite new to the majcrity of the 15,000 teachers, 
representing 9,000 schools. 

To give some preliminary training to these teachers a head organiser and staff 
of sub-organiset's have beeh appointed for each subject. Classes are established in 
centres all over the country, which teachers in the neighbourhood attend; grants 
ry made towards the travelling and personal expenses of teachers attending these 
classes. 

The convent schools, which deal with one quarter of the girls in National 
schools, form a distinct feature of such an organisation in Ireland. 

The manual instruction is of that kind generally known as hand-and-eye 
training, comprising paper-folding, bricklaying, cardboard and wire work. 

In elementary science the typical course for boys and girls is based on the 1889 
recommendation of the British Association Committee. 

Teachers attending training courses must perform all experiments of the 
course themselves. Free equipment grants of apparatus for manual instruction 
and elementary science are given to necessitous schools. Very few schools at 
present have laboratories, but at the same time a great deal of individual experi- 
menting can be accomplished. Object lessons are allowed as a substitute for a 
systematic course of instruction in experimental science, but these must attempt 
to achieve the same results as the science lesson, viz., accurate habits in observa- 
tion, work, description, and reasoning. 

The seven training colleges of Ireland have all made adequate preparation for 
dealing with the new conditions of instruction. 

The Commissioners have left no stone unturned to make the changes a possi- 
bility and a success. They have provided an expensive organising staff, conducting 
classes involving great expense both in equipment and travelling of teachers. 
They have provided free equipment grants for schools, and, in order to ensure 
efficiency in inspection, have enabled all inspectors to become thoroughly acquainted 
with all details of the working of the new programme. 

The work and enthusiasm of the teachers attending these classes have been 
beyond all praise. These training classes have been made a really useful and efficient 
factor in the progress of this educational revolution. With regard to the new 
programme—which is probably, on paper’, the best scheme of primary instruction in 
existence—we must ask for a little educational faith on the part of authorities and 
inspectorate. 

Tn an over-weighted timetable some co-ordination of subjects seems urgently 
necessary. 

Practical instruction in the National school is to-day in Ireland, among many 
educational problems of importance, probably the one of most urgent importance, 
in that upon its successful introduction depends the future of technical instruction. 


9. Intermediate Education in Ireland. By R. M. Jonzs, M.A. 


3. Intermediate Education in Ireland. By Rev. Father Murpuy. 
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4, The Relation of Technical Instruction to Industrial Development 
in Ireland. By T. P. Gitt. 


SATURDAY, SEPTEMBER 13. 


The Section did not meet. 


MONDAY, SEPTEMBER 15. 


The following Reports arid Papers were read : 


1. Report on the Conditions of Health Essential to the carrying on of the 
Work of Instruction im Schools.—See Reports, p. 483. 


2. Report on the Teaching of Science in Elementary Schools, 
See Reports, p. 481. 


3. Discussion on the Training of Teachers. 
Opened by Miss L. Epna Watrer and Professor H. L. Wiruurs. 


4, Joint Discussion with Section G on the Training of Engineers. 


TUESDAY, SEPTEMBER 16. 
The following Papet's were read :— 
1. A Universal Language. By Six F. J. Bramweut, Bart, 7.2.9. 


2: Discussion on the Teaching of English 
Opened by P. J. Harroa, B.Se. 


3: The Neglect of English Grammar. By Professor Mixcutn. 


The teaching of reading, spelling, and English grammar has disappeared from 
English schools for what are termed ‘the better classes.’ Practically, a boy has 
to learn these subjects in the nursery or not at all; for as they do not count in 
the system of the public schools the preparatory schools do not teach them, these 
latter being exact miniature copies of the former. 

The result of the neglect of English grammar is a mass of bad composition, 
instances of which can be collected at any moment from the articles in our leadine 
newspapers, magazines, and reviews, as well as from the works of esteemed authors, 

A comparatively small number of types of faulty writing are quoted in the 
Paper. 

The neglect of the study of grammar in the schools results also in many errors 
in ordinary conversation, and, to some extent, in errors of pronunciation. 

English grammar is neglected in the schools because these bodies are under 
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classical control, and the masters assume as an axiom that ‘ when we are learning 
Latin grammar we are learning English.’ 

A change in the head-masterships of the schools is necessary, both in the 
interests of modern science and in those of modern languages. These schools have 
been too long under classical and clerical control. 


4, Joint Discussion with Section A on the Teaching of Mathematics. 


5. On the Teaching of Elementary Mathematics. By A. W. Stpvons, IA. 


A little more than twenty-five years ago the British Association and the 
Association for the Improvement of Geometrical Teaching (now called the Mathe- 
matical Association) worked at this question; the ends aimed at were not gained 
in their entirety, but much improvement resulted in the teaching of the subject. 

That movement has taught us that attempts to secure any but moderate re- 
forms are doomed to failure, and we see to-day from private and published corre- 
spondence that mathematical masters generally are anxious for moderate reform, 
but dread any hasty change. 

The Mathematical Association Committee recommends that a first introduction 
to geometry, and to each new branch of geometry, should be experimental with 
the use of instruments and numerical measurements and calculations. This recom- 
mendation, which is by no means new, seems nuw to meet with almost universal 
approval; but, in order to encourage this work, the Report suggests that elemen- 
tary geometry papers should contain questions requiring the practical use of 
instruments. 

So far as deductive geometry is concerned, there seem to be four alterna- 
tives :— 


1. To have no one syllabus placed in the position of authority. 
2. To replace Euclid by one standard syllabus, 

3. To modify Euclid by omission and readjustment, 

4, To retain Euclid in its present form. 


The first of these alternatives would make teaching difficult in classes of boys 
who have previously used different books following different orders, and also in 
classes of boys preparing for different examinations which adopted different 
schedules ; any proposal to abandon the use of one definite authority would meet 
with the strongest possible opposition, and would probably cause Euclid to be 
granted a new lease of life. 

The Mathematical Association Committee has recommended the adoption of a 
modified Kuclid; they considered the time not yet ripe for the proposal of a 
standard to be finally adopted in place of Euclid. 

Though the Committee considered it wise to retain a modified Euclid for the 
present, I regard the Pappa and adoption of a new standard as the next step 
to be undertaken, and | hope that the Mathematical Association Committee, 
consisting as it does of practical teachers and examiners, will draw up a tentative 
syllabus, to be criticised by schoolmasters and others, and finally submitted to this 
body for confirmation. Such a syllabus should leave great freedom to the teacher 
and text-book writer; it should be so elastic as to allow of changes from time to 
time, but sulliciently precise to prevent chaos. 

The modifications proposed in the Mathematical Association report include :— 


1. The omission of some propositions which do not help on the course, or 
hich should be regarded as axiomatic, 

2, Improved methods of proving other propositions, including the use of 
hypothetical constructions. 

3. The addition of a few propositions. 

4, The adoption of Playfair’s axiom and the ‘limit’ definition of a tangent, 
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5. The use of angles greater than two right angles. 
G. That the exact treatment of incommensurables be regarded as a branch 
of higher mathematics. 


The report also suggests that in pass examinations the system should be 
gradually introduced of requiring that a candidate, in order to secure a pass, 
should evince some power besides that of being able to write out bookwork; the 
solution of riders and questions requiring the use of instruments would thus be 
encouraged. 

The most important suggestions under the head of arithmetic and algebra are 
those proposing that the barriers between arithmetic, algebra, and geometry 
should be broken down, and the early introduction of graphs; there are many 
other suggestions of too detailed a nature to be considered individually now. 

The Arithmetic and Algebra Report may be briefly summed up in the follow- 
ing words :— 


The Committee recommend— 


(a) that easy vivd voce examples should be frequently used in both arith- 
metic and algebra ; 

(4) that great stress should be laid cn fundamental principles ; 

(c) that, as far as possible, the rules which a pupil uses should be general- 
isations from his own experience ; 

(d) that, whenever practicable, geometry should be employed to illustrate 
arithmetic and algebra, and, in particular, that graphs should be used 
extensively ; 

(e) that many of the harder rules and heavier types of examples, which 
examinations alone compel us to retain in a school curriculum, should be 
postponed, 


Finally, I should point out that the report has been drawn up with a special 
view to the acquirement of brain-power, which is the most important considera- 
tion at this stage of a student’s career ; but nevertheless if these recommendations 
are adopted I feel sure the engineers, whom we have to thank for bringing matters 
to a head by introducing the discussion last year, will find great improvement in 
the boys sent to them from the various schools—improvement not only in brain- 
power, but also in mathematical power. 
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Corresponding Societies Committee.—Report of the Committee, consisting 
of Mr. W. WHITAKER (Chairman), Dr. J. G. Garson (Secretary), 
Professor MELDOLA, Mr. FRANCIS GALTON, Sir JoHN Evans, Mr. J. 
Hopkinson, Professor Bonnyy, Mr. T. V. Houmes, Dr. Horack 
T, Brown, Rev. J. O. Bevan, Professor W. W. Warts, Rev. T, 
R. R. Stessinc, Mr, C. H, Reap, and Mr. F. W. Rupbier, 
(Drawn up by the Secretary.) 


Tue Corresponding Societies Committee have to report that the recom- 
mendations made by the Delegates at the Conferences held during the 
Meeting of the Association at Glasgow last year have been carefully 
considered and have been adopted. 

The following covering letter was issued, along with the Report of 
the Conference of Delegates, to the Secretaries of all the Corresponding 
Societies on the list and to each of the Delegates :-— 


Burlington House, London, W.: February 26, 1902. 

‘Dear Sir,—I herewith send you a copy of the Report of the Con- 
ference of Delegates of the Corresponding Societies held at Glasgow. I 
also enclose a list of the Committees of the Association appointed at that 
meeting for the investigation of special subjects in which the co-operation 
of the Corresponding Societies is desired, together with the names and 
addresses of the Secretaries, to whom you should apply without delay for 
specific instructions (beyond those given in the Report, pp. 14-22) as to 
how the investigations or work should be carried out by your Society. 

‘You will be good enough to have the Report communicated to your 
Society at an early meeting, and to impress upon your members the 
importance of taking part in the work of as many of these Committees 
and in the investigation of as many of the subjects selected by the 
Delegates as possible. To this end it is very desirable that your Society, 
or the Council thereof, should appoint a Special Committee to consider 
what work can be done by your Society, and to arrange for its being 
begun forthwith. 

‘The observations when made should form interesting communications 
for your Society, and at the same time assist the work of the Committees 
of the Association. 

‘ Besides adopting the programme of work proposed by the Delegates 
for the Corresponding Societies to engage in, my Committee have also 
resolved to accede to the request of the Delegates to ascertain and report 
to the next meeting of the Association what work has been done by 
each of the Corresponding Societies during the year towards the 
investigation of the subjects specified, and whet assistance they have 

312 


852 REPORT— 1902. 


individually rendered to the several Committees of the Association 
desiring their co-operation. I trust that in that report your Society will 
be mentioned as having taken an active part. 
‘T am yours truly, 
‘J. G. Garson (Secretary).’ 


Committees appointed by the British Association which desire the Co-opera- 
tion of the Corresponding Societies in their Investigations. 


Section B, Cuemistry. 


SUBJECT TOR INVESTIGATION NAME AND ADDRESS OF SECRETARY 
]. To collect Statistics concerning the Trained Dr, G. G, Henderson, 204 George 
Chemists employed in English Chemical Street, Glasgow. 
Industries. 


Srection C, Gronoey. 
2. For the Registration of all Type Specimens Dr. A. Smith Woodward, F.R.S., 


of Fossils in the British Isles. British Museum, South Kensing- 
° ton, London, 8.W. 
3, The Movements of Underground Waters of Captain A. R. Dwerryhouse, 5 Oak- 
North-west Yorkshire. tield Terrace, Headingley, Leeds. 
4, To investigate the Erratic Blocks of the Professor P. F. Kendall, Yorkshire 
British Isles, and to take measures for College, Leeds. 
their preservation. 
5. For the Collection, Preservation, and Sys- Professor W. W. Watts, The Uni- 


tematic Registration of Photographs of versity, Birmingham. 
Geological Interest. 


Section G, ENGINEERING. 


6, To consider Means by which better prac- Mr. W. A. Price, ‘The Mill House, 
tical effect can be given to the Introduc- Broomfield, Chelmsford. 
tion of the Screw Gauge proposed by 
the Association in 1884. 

7. To investigate the Resistance of Road Professor H. 8. Hele-Shaw, Univer» 
Vehicles to Traction. sity College, Liverpool. 


Section H, ANTHROPOLOGY. 


8. For the Collection, Preservation, and Sys- Mr. J. L. Myres, 3 Hanover Square, 
tematic Registration of Photographs of London, W, 
Anthropological Interest. 


Section K, Botany. 


9. To consider and report upon a scheme for Professor F. E. Weiss, The Owens 
the Registration of Negatives of Botani- College, Manchester, 
cal Photographs. 
10, For the investigation of the Respiration Mr. H. Wager, Arnold House, Derby. 
of Plants. 


List of Subjects selected by the Delegates of the Corresponding Societies for 
investigation by the Corresponding Societies in 1902 not included in 
the preceding list. 

Section C, Gronoey. 
SUBJECTS FOR INVESTIGATION NAME AND ADDRESS OF REFEREE 

11. Coast Erosion , . . z . - Mr. W. Whitaker, F.R.S., 3 Camp- 

den Road, Croydon. 

12. Record of Bore Holes, Wells, and Sections Mr. J. H. Merivale, Togston Hall, 

Acklington, 
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Section D, Zooxoey. 


SUBJECTS FOR INVESTIGATION NAME AND ADDRESS OF REFEREE 

13. Underground Fauna . : - 5 . Rev. T. BR. R. Stebbing, F.R.S., 
Epbraim Lodge, The Common, 
Tunbridge Wells. 


SrectrioN E, GreoGRAPHY. 


14. Variations in the Course of Rivers and Dr. H.R. Mill, 62 Camden Square, 
Shape of Lakes. London, N.W. 


Section H, ANTHROPOLOGY. 
15. Archeological Survey of Counties . . Rev. J. O. Bevan, Chillenden Rec- 


tory, Dover. 
16. Ethnographical Survey. ‘ ‘ . The Secretary, Anthropological 
Institute, 3 Hanover Square, 

London, W. 


Srecrion K, Borany. 


17. Botanical Survey of Counties . F . Dr. W. G. Smith, Yorkshire College, 
Leeds. 
18. Photographic Record of Plants . A . Mr. A. K. Coomiraswimy, Walden, 


Worplesdon, Guildford. 


The above list of suggested subjects for investigation by Correspond- 
ing Societies in which their co-operation and assistance were desired by 
Committees appointed by the Association, it will be seen, embraces all 
the Sections of the Association with the exception of Sections A, Mathe- 
matical and Physical Science; F, Economic Science and Statistics ; 
I, Physiology ; and L, Educational Science, so that almost every Corre- 
sponding Society had one subject or more within its scope. 

In order to ascertain how far the Delegates have performed the duty 
imposed upon them by the rules of the Association, in consideration of 
which they are made temporary members of the General Committee, and 
in the case of Societies not represented by Delegates, to learn whether 
the Secretaries of these Societies have performed their duty of bringing 
the work of the Association in which the co-operation of the Correspond- 
ing Societies was desired before their respective Societies, as well 
as to ascertain what attention had been given thereto, answers to 
the following questions were asked on the form of application to be 
placed on the list of Corresponding Societies for the ensuing year, issued 
in May last to the Secretary of each of the seventy-six Corresponding 
Societies on the list and returnable by June 30. 


Form of Application from a Society previously on the List. 


S1r,—I beg to ask, on behalf of my Society, particulars of which are 
given below, that it be placed on the List of Corresponding Societies of 
the British Association fur the ensuing year. I have also to inform you 
that, in the event of this application being accepted, the Society will be 
represented at the Conference of Delegates to be held during the next 
meeting of the Association by the Delegate whose name and address are 
given below. 
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Name of and Particulars regarding the Society. 


: Headquarters | : : 
Full Title and leech cta Rieaendl (Ne: of | En- | Annual | Title and Fre- 
Foundation bers | Fee | tion of Publications | 


Secretary 


Date of | Title Wadvocatot Mem- | trance | ae quency of Issue | 


ea 


Corrections and alterations to be made in the spaces below the respective headings. 


Name of Delegate .....-.-----..----.---- SAE SC ace eS Retire ret enone o8. Aho - 


Postal Addvess .........-........-. 13. ; 7 any Soin. i See ee 
FURTHER INFORMATION REQUIRED BY THE COMMITTEE, 


to your Society the various subjects brought 
before the Conference of Delegates? 
2, Has his report been published by your Society ?-...---.----..----..-.--. oo eer nner eee 
8. If you had no Delegate, was the Report of the 
Conference of Delegates with the covering 
letter sent therewith to you as Secretary 
communicated to your Society ? 
4, Has any work been done by your Society or 
members thereof towards the investigation 
of the subjects mentioned in the Report 
and Letter ? 
6. Has your Society any suggestion to make as 
to a subject or subjects for discussion at 
the next Conference of Delegates ? 


1, Did your Delegate of last year ets rong 


(SIGMA) no 5-boisenbant bce tt gk rive SeOretany 


To the ASSISTANT GENERAL SECRETARY, 
Burlingten House, London, W. 


Twenty-nine of the Secretaries of the seventy-six Societies on last 
year’s list failed to send in the application form by the date specified, 
and it was not till after a reminder had been sent to them that 
their returns were received. Seven of the Societies have failed to 
make any application to be retained on the list.!. In several cases the 
application was received without any answers to the questions asked, 
and had accordingly to be returned for the purpose of being filled 
up. Such inattention on the part of Secretaries to the business of the 
Societies causes much additional trouble to the officers of the Association, 
and, it should be understood, renders the Societies liable to be struck off 
the roll of Corresponding Societies in consequence of non-fulfilment of the 
conditions required by the Association. The Committee hope that par- 
ticular note of this remissness will be made by the Delegates at the 
Belfast Meeting, and the attention of their Societies called to it. 


1 One of these has since applied. 
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There were forty-two Delegates sent by as many Ccrresponding 
Societies to last year’s Meeting of the Association ; there were therefore 
thirty-six Societies unrepresented at the Conference. The Committee 
consider that it would be to the advantage of the Societies if a greater 
number of them were to endeavour to secure the services of representa- 
tives who would attend the Conference and bring before them the work 
of the Association. 

Two of last year’s Delegates represented Societies from whom no 
returns have been received, and there is no information as to how they 
and the Secretaries of the other five Societies which have made no returns 
performed their duties as regards bringing the work of the Association 
before their members. 

The following analysis of the answers to the questions asked refers 
to the sixty-eight Societies from which returns have been received, and 
relates therefore to forty Delegates and to twenty-eight Secretaries of 
Societies unrepresented by Delegates. 

The answers to the first three questions show the extent to which the 
work of the Association has been brought before the notice of the Corre- 
sponding Societies. Seven of the forty Delegates failed to make any 
report to their Societies regarding the subjects brought before the Con- 
ference of Delegates, but in two of these cases the covering letter and 
report of the Conference was communicated to the Societies by their 
Secretaries. Thirty-three of the Delegates made reports to their Societies, 
and in twenty of these cases their reports have been, or are being, pub- 
lished by the Societies. In the other twenty cases, including those in 
which the Delegates failed to bring a report of the Conference before their 
Societies, the answer to the second question is a negative. The Secretaries 
of sixteen of the twenty-eight Societies unrepresented by Delegates at the 
Conference brought the Report of the Conference and the covering letter 
sent with it before their respective Societies, but to the rest of the Societies 
it was not communicated. The net result is that only fifty-one out of 
sixty-eight Corresponding Societies have had the work of the Association 
brought under the notice of their members, and this was done by the 
Delegate in thirty-three instances and in eighteen by the Secretary. 

Turning now to the answers to the fourth question : Fourteen of the 
forty represented Societies answer in the affirmative and twenty-five in 
the negative, while of the twenty-nine unrepresented Societies five answer 
in the affirmative and twenty-four in the negative. Thus only twenty out 
of the sixty-eight Corresponding Societies have, on their own showing, 
done any work towards the investigation of the subjects proposed to them. 
Of these twenty Societies eight answer only ‘ Yes,’ but twelve give infor- 
mation as to what they have done. The subjects which they have taken 
up are the Collection of Photographs of Geological Interest by the Bristol 
Naturalists’ Society, the Caradoc and Severn Valley Field Club, the Croydon 
Natural History Society, and the North Stafford Field Club ; Botanical 
Survey of Counties by the Andersonian Naturalists’ Society, the Buchan 
Field Club, the Dublin Naturalists’ Field Club, and the Leeds Naturalists’ 
Club and Scientific Association ; Coast Erosion by the East Kent Scientific 
and Natural History Society ; Ethnographical Survey by the Buchan Field 
Club ; Erratic Blocks by the Hull Geological Society and the Liverpool 
Geological Society ; Photographic Record of Plants by the Manchester 
Microscopical Society. The West of Scotland Marine Biological Associa- 
tion has been carrying on its scheme for the investigation of the local 
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marine fauna and flora, which, though not on the set programme brought 
before the second Meeting of the Conference of Delegates, is important 
local work which but few Societies are in a position to undertake. Seven 
Societies state that steps are being taken to engage in some of the work 
suggested by the Association. 

Although the results are but small, and only a small proportion of the 
Corresponding Societies have given any response to the appea) for co- 
operation made to them, yet the Committee hope that by mentioning the 
Societies which have taken part in the investigations they were invited to 
assist in other Societies may be stimulated to activity in future. Many 
Societies which could have done good local work in several of the subjects 
suggested for investigation have for some reason or other shown a lack of 
enterprise which would not have been expected of them ; while others, 
with fewer facilities, perhaps, have shown commendable energy, which 
the Committee hope may bring its reward. 

The fifth question has been responded to by but few Societies. The 
Committee are glad to be able to adopt the suggestion of the Buchan 
Field Club to discuss the desirability of a Pigmentation Survey of School 
Children in Ireland as particularly appropriate for the forthcoming 
Meeting, and have secured the assistance of Mr. Tocher, who has had 
much practical experience in the investigation of this subject in Scotland, 
to open the discussion. The other subject to be brought before the 
Conference will be ‘A Plea for an Ordnance Map Index of Prehistoric 
Remains,’ by Mr. C. H. Read, Keeper of the Ethnographical Department 
of the British Museum. The Committee are, however, indebted to the 
Hull Geological Society, the Institute of Mining Engineers, the Astro- 
nomical Society of Toronto, and the Liverpool Geological Society for 
valuable suggestions. 

The following Societies having failed to comply with the rules of the 
Association to make application to be continued on the list of Corre- 
sponding Societies, the Committee have no alternative but to recommend 
that in consequence they be for the present removed from the list :— 
The Cardiff Naturalists’ Society, the Dumfriesshire and Galloway Natural 
History and Antiquarian Society, the Glasgow Natural History Society, 
the Liverpool Literary and Philosophical Society, the Malton Field 
Naturalists’ and Scientific Society, and the Penzance Natural History 
and Antiquarian Society. 


Report of the Conference of Delegates of Corresponding Societies 
held at Belfast, September 1902. 


Chairman. . Professor W. W. Watts, M.A., M.Sc., Sec.G.S. 
Vice-Chairman . Mr. J. H. Merivale, M.A. 
Secretaries. . Dr. J. G. Garson and Mr. E. J. Bles, M.A. 


The Conferences were held on Thursday, September 11, and Tuesday, 
September 16, at 3 o’clock P.m., in the Queen’s College. 

The following Corresponding Societies nominated Delegates to repre- 
sent them at the Conferences. The attendance of the Delegates is 
indicated in the list by the figures 1 and 2 placed in the margin opposite 
to the name of each Society, and referring respectively to the first and 
second meetings. Where no figure is shown it will be understood that 
the Delegate did not attend. 
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List of Societies sending Delegates. 


Andersonian Naturalists’ Society . 

Belfast Naturalists’ Field Club . 

Belfast Natural History and Philoso- 
phical Society. 

Berwickshire Naturalists’ Club . ‘ 

Birmingham and Midland Institute 
Scientific Society. 

Birmingham Natural 
Philosophical Society. 

Bradford Philosophical Society . . 

Bristol Naturalists’ Society 

Buchan Field Club. 

Caradoc and Severn Valley Field Club 

Chester Society of Natural Science, 
Literature, and Art. 

Croydon Microscopical and Natural 
History Club. 

Dorset Natural History and Anti- 
quarian Field Club. 

Dublin Naturalists’ Field Club . 

Kast Kent Scientific and ‘Natural 
History Society. 

Essex Field Club : ; 4 

Glasgow Geological Society 5 . 

Glasgow Natural History Society 

Glasgow Royal Philosophical Society 

Halifax Scientific Society . 

Hampshire Field Club and Archzo- 
logical Society. 

Haslemere Microscope and Natural 
History Society. 

Hertfordshire Natural History Society 

Holmesdale Natural History Club 

Hull Geological Society 

Hull Scientific and Field Naturalists’ 
Club. 

Institution of Mining Engineers . 

Isle of Man Natural History and 
Antiquarian Society. 

Leeds Geological Association 

Leeds Naturalists’ Club and Scientific 
Association. 

Liverpool Engineering Society . 

Liverpool Geographical Society . 

Liverpool Geological Society 

Malton Field Naturalists’ and Scien- 
tific Society. 

Manchester Geological Society . 

Manchester Geographical Society 

Manchester Microscopical Society 

Marine Biological Association of the 
West of Scotland. 

Midland Counties Institution of En- 
gineers. 

Midland Institute of Mining, Civil, 
and Mechanical Engineers, 

Norfolk and Norwich Naturalists’ 
Society. 

North of England Institute of Mining 
and Mechanical Engineers. 

North Staffordshire Field Club . 


History and 


Rev. A. S. Wilson, M.A., B.Sc. 
¥. J. Bigger, M.R.I.A. 
John Brown, F.R.8. 


G. P. Hughes, J.P. 
C. J. Watson, 


Cc, J. Watson. 


Dr. D. Goyder. 

Professor 8S. H. Reynolds, M.A. 
J.¥F. ‘Tocher, ¥.1.C. 

Professor W. W. Waits, F.G.S. 
A. O. Walker, F.L.S. 


Edward Lovett. 
Vaughan Cornish, D.Sc., F.R.G.S. 


H. J. Seymour, B.A., F.G.S8. 
A. S. Reid, M.A. 


W. Whitaker, F.R.3. 

J. Barclay Murdoch. 

A. Somerville. 

Professor A. Barr, D.Sc. 
W. Cash, F.G.S. 

W. Dale, F.S.A. 


W. Whitaker, F.R.S. 


H. George Fordham. 
Miss Ethel Sargant. 
J. W. Stather, F.G.S. 
T. Sheppard, F.G.S. 


Professor Henry Louis, M.A. 
P. M. C. Kermode. 


Edwin Hawkesworth. 
Harold Wager, F.L.S. 


Professor H. S. Hele-Shaw, F.R.S 
Professor Gonner, M.A. 

Joseph Lomas, F.G.S. 

M. B. Slater, F.L.S. 

Mark Stirrup, F.G.8. 

Joel Wainwright. 

F. W. Hembry, F.R.M.S. 
Professor Malcolm Laurie, D.Sc. 
Professor H. Louis, M.A. 

James Barrowman. 

Dr. H. Woodward, F.R.S. 

J. H. Merivale, M.A. 


R. Hornby, M.A. 
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Northumberland, Durham, and New- Professor M. C. Potter, F.L.S, 
castle-upon-Tyne Natural History 


Society. 

2 Nottingham Naturalists’ Society . William Bradshaw. 
Paisley Philosophical Institution . William Beattie. 
Perthshire Society of Natural Science Henry Coates, '.R.S.E. 

1 Rochdale Literary and Scientific James Ogden, 
Society. 
1 Scotland, Mining Institute of . . James Barrowman. 


Somersetshire Archeological and Lieut.-Col. Bramble, ¥.8.A. 
Natural History Society. 

South Staffordshire and East Worces- Professor Henry Louis. 
tershire Institute of Mining Engi- 


neers. 
South-Eastern Union of Scientific W. Whitaker, F.R.S. 
Societies. 
Toronto Astronomical Society . . W.4H.8. Monck, F.R.A.S. 


Tyneside Geographical Society . . Herbert Shaw, F.R.G.S. 
Warwickshire Naturalists’ and Ar- William Andrews, F.G.S. 
cheologists’ Field Club, 


1 2 Woolhope Naturalists’ Field Club . Rev. J. O. Bevan, F.S.A. 
2 Yorkshire Geological and Polytechnic Professor P. F. Kendall, F.G.8. 
Society. 


1 2 Yorkshire Naturalists’ Union . . Harold Wager, F.L.S. 
First Conference, September 11. 


This Conference was presided over by Professor W. W. Watts. The 
Corresponding Societies Committee was represented by the Chairman 
(Professor Watts), the Secretaries (Dr. Garson and Mr. Bles), and the 
Rev. J. O. Bevan. 


The Chairman delivered the following Address :— 


Since the establishment of the Conference of Delegates in its present 
form many successive chairmen, delegates, and readers of papers, together 
with the representatives of the various Sections, have brought before the 
Conference reasons for its existence or work for it to do. 

I trust that I may be pardoned if, in enumerating some of the func- 
tions which especially appeal to me, I have been somewhat anticipated by 
contributors to previous Conferences. 

First and foremost in my belief comes the fact that this Conference is 
the only body which gives a kind of corporate existence and standing to 
the Local Societies as a whole. It is the only thing which brings the 
Societies into touch with one another, and it is the only hope that at 
present exists for united action and systematised work. That delegates 
should make acquaintance, meet in friendly intereourse, and compare 
notes as to work done by themselves and one another is also a good side 
of our gathering which is capable of further development than it has yet 
received. 

‘Secondly, the annual printing of a list of Societies known to be 
doing important work, with an index of their publications, is a most 
useful guide to those desirous of working up the literature of any area. 
The publications are always of limited issue and still more limited circula- 
tion, and they are most difficult to obtain a few years after date. The 
Association has most wisely treasured the publications which: have been 
sent to it, and it is to be hoped that this nucleus of a valuable and unique 
collection will be placed where it is widely accessible. 

Thirdly, comes the stimulation of mutual example and rivalry. The 
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Local Societies are especially noted for their wide-reaching aims and the all- 
embracing list of subjects which they pursue, not less than for the steady, 
persevering persistence with which they will follow up lines of inquiry 
often as tedious as they are important. Again, local facilities or indivi- 
dual genius often place one Society or other on some bias or enabled it to do 
brilliant work in some one direction. The force of such example is never 
lost upon the other Societies, who may extend and even amplify the results 
thus obtained. 

In the fourth place the Conference has the power, too little used, to 
ask for grants, and hence to back those of the Sections. This should have 
the effect of helping on those researches which have a local bearing. 

In the last place the Association itself profits in receiving each year 
delegates from all over the country, being thus aided in maintaining the 
cosmopolitanism which is one of its leading characteristics. 

On looking through the proceedings of the Conference since its 
beginning I have been struck by the appositeness and importance of the 
subjects brought before its consideration. I know that you will not all 
agree with me on this point, but my distinct impression is that the dis- 
tinguished men who have served as your secretaries have brought much 
skill and judgment to the task of selection. An improvement might be 
suggested, all the more readily as it rests in your own hands. I should 
like to see each year at least one delegate bring up some topic which has 
been treated with conspicuous success by his own Society—not merely 
a few casual words dropped into a discussion, but a considered paper 
dealing with the technique of an investigation, its difficulties and pit- 
falls, and some of the conclusions to which it is leading. Suggestions, 
whether from the inside or outside, as to a desirable piece of work which 
might be carried out are usually barren unless somebody has actually 
made the experiment and can give hints, warnings, advice, and sugges- 
tions for improvement. 

It is a good divine that follows his own teaching, and I propose to 
endeavour to qualify, for the first and last time, in this capacity by 
following my own advice. I am here as a delegate for two federated 
Societies, as an old sectional recorder and member of certain committees, 
and as a former member of the Geological Survey, and still interested 
in the promotion of geological research. In each capacity I have a word 
or two to say, some of which may be not altogether devoid of use. 

The Caradoc and Severn Valley Field Club publishes a ‘Record of 
Bare Facts,’ a county record of weather, plants, animals, rocks, and 
fossils, so carefully edited that practically nothing but well-verified 
matters of fact creep in. Such a modest and useful publication is sure to 
be a valuable work of reference wherever started. But local publication 
should by no means stop here. The labourer is worthy of his hire and 
has a right to draw his deductions from the facts that he patiently 
harvests ; but it is not a bad thing to separate, as we do, the fact from 
the inference, 

Many of our older publications are, however, almost unobtainable, 
even the most valuable of them, and this should, if possible, be remedied by 
Local Societies. No source of scientific information is more difficult to 
hunt through than provincial newspapers, or less satisfactory when run to 
earth ; yet this isa favourite vehicle of local effort. May I appeal to 
Societies to reprint the more important of their papers thus published, 
to distribute their publications very freely to the libraries and institutions 


860 REPORT—1902. 


in their own county, and to take care that they are early and regularly 
supplied to the more central institutions, where they will be frequently 
applied for when it is known that they are readily accessible ? Printing a 
few extra copies is not expensive when the type is once set, and although 
it is troublesome for a Society to hold stocks of its publications, it 
would, if willing to supply back parts at a moderate price, take away 
all excuse from those writers who are apt to ignore local work. 

Uniformity of publication appears to be past praying for, and federa- 
tion of Societies does not appear to have hitherto been a conspicuous or a 
lasting success, for reasons which it is needless to particularise. But a 
common vehicle for the publication of the more important papers of the 
Societies of a county or some other well-defined area ought to be made a 
success, even at the cost of considerable sacrifice : it would be an untold 
economy and convenience to the Local Societies themselves, and to those 
who wish to buy and use their publications. I should like to mention 
the ‘Irish Naturalist’ as an effort in this direction, which has been a 
conspicuous success for many years. 

Then we have museums in the county containing collections of con- 
siderable local interest, and this suggests a further topic. Many Societies 
are handing over their museums to county and town councils, in some 
cases with considerable success. I would suggest to Societies that they 
should retain a large share in the control of such museums until the town 
and county authorities have been thoroughly tried. 

At rare intervals there arises in most localities someone with a keen 
passion for museum arrangement and management. Treasure such a 
person for all he is worth ; work him, unmercifully if necessary, but work 
him hard ; give him a fairly free hand ; beg, borrow, or steal for his wants ; 
and get everything you possibly can out of him while he lasts, for such 
persons die young. If once a museum is got into thorough order, made 
accessible and attractive, the good effect may last for half a generation— 
possibly until another prodigy or the paid curator arrives. 

Asa member of the Association and of some of its Committees I 
should like to say a few words with regard to matters that have come 
under my immediate ken. 

The Erratic Blocks Committee ; that which is tracing the course of 
underground waters in Yorkshire ; the one studying the life zones in the 
Carboniferous rocks ; the new Committee on Triassic fossils, and the ones 
exploring Irish caves and registering type specimens of fossils—are 
pursuing lines of research which some Local Societies are sharing, and 
which others would do well to share. These will be spoken to by qualified 
representatives at our next meeting. 

The taking of geological photographs is a matter which particularly 
appeals to Local Societies, and has in many cases been taken up with 
vigour and success. I should like to mention particularly the Belfast 
Naturalists’ Field Club, the Yorkshire Societies, those of Kent and the 
South-eastern Union, those of Durham, Surrey, Warwickshire, Perth, 
Manchester, Devon, Leicester, Lancashire, Staffordshire, and other 
Societies which have afforded my predecessor and myself unfailing and 
patient assistance. Surrey, Warwickshire, and some other counties are 
organising a general photographic survey which includes geology, and the 
Geologists’ Association is collecting a photographic register of the large 
field covered by its excursions. The Warwickshire Survey has blossomed 
out into the National Photographic Record Association. It is a good 
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thing that such cheaply and easily reproduced records should be preserved 
locally, but while I venture to hope that the National Photographic Record 
Association will continue to receive copies of the more important geological 
record photographs, I trust that the parent Committee of the British 
Association—which, remember, was originated by one of us, Mr. Jeffs, 
the delegate for the Liverpool Geological Society—should receive copies 
of photographs not only of geological records but of typical phenomena. 

In my own experience I find that it is through the Local Society that 
I have come into contact with the individual who is doing the work, and 
this introduction seems to me to be one of the important functions of the 
Society, 

I have been asked to refer to the scheme for a botanical survey of 
Britain by counties, as Mr. Smith will not be present. I will see that 
the topic is spoken to at the next meeting. 

I wish next to speak as a geologist and to suggest certain points for 
consideration by the delegates. 

An uncomfortable idea is sometimes conveyed that the mere tramp 
work of scientific investigation is the meed of Local Societies, and that 
the comfortable trips and record passages are reserved for the brilliant 
outside investigator. There is no greater mistake. It is true that I once 
heard one geologist remark to another, ‘ You give us the facts and we 
will draw our own conclusions,’ but I am strongly of opinion that the 
man with the best right and in the best position to draw conclusions is 
he who finds out and records the facts. 

The first geological survey of the country is now nearing completion, 
and in the maps there is a wealth of raw material for the local investi- 
gator. No one knows better than the geological surveyor that his work 
is only just begun when he has got the lines upon his map; but an 
impatient Government calls him elsewhere, and he is only too willing to 
hand over his maps and the threads of his ideas to the local investigator 
to work out. The further division of the strata, the zonal collection of 
the fossils, the relations and origin of the igneous rocks, and the fascinating 
problems relating to the origin of the landscape features, all become for 
the first time possible with the completion of the l-inch map. 

After the survey new wells, borings, cuttings, quarries, and other 
sections are opened up, and the Local Society can do excellent work either 
in the person of the local geologist or, if there be no such person, by 
giving information, which is always gratefully received and generally 
acted upon, to the office of the Survey. 

As examples I may mention the examination of many new railways, 
pipe lines, sewers, and other works which have been studied and re- 
ported upon locally or from the Survey office. Previous to the survey of 
Charnwood Forest nobody knew that the Mountsorrel granite had been 
sculptured by desert wind-storms in Triassic time. But suspecting that 
such would turn out to be the case, I asked local observers to watch the 
excavations, with the result that in a few years the necessary evidence 
was forthcoming. 

It has long been recognised that there are two geologies—the superficial 
and the solid ; one dealing with surface accumulations of drift, gravel, and 
subsoil, the other with the rocks built into the earth’s crust. The former 
obscures the latter on the ground and in the maps, but is very important 
as the connecting link, through the soil, between the inorganic earth and 
the life on it. But a third geology is now becoming prominent, especially 
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for economic reasons, and it may be termed abysmal, The upper strata 
of the ‘solid rocks’ are often related to the lower, in the same way as 
the superficial geology is related to the solid ; and thus vast mineral riches 
coal, iron, minerals, and water in the earth’s crust are hidden by aie 
upper rocks, and there is no means of judging their position and trend 
except by boring through the upper crust. 

Until the Government, in the interest of the national weal and 
wealth, is wise enough to undertake the systematic exploration of abysmal 
geology, everything must be done by individual effort. If borings are 
successful the details are kept dark, if unsuccessful they are forgotten 
Now whether successful or not from an economic point of view, every 
boring is most precious for a knowledge of the abysmal geology in 
every record lost is paid for five or six times over by some individanil 
and of course eventually by the nation. The Local Societies may often 
save this loss by being on the spot, by knowing and influencing the indi- 
viduals concerned, and by the fact that their interest is scientifie and not 
commercial. To them I would say, get and keep all possible records of 
borings—honestly if possible, but get them. 

Again, the Local Societies are good judges of local needs, and to them 
the accuracy or inaccuracy of their geological map is vital. It is for 
them to aid in bringing influence to bear on the authorities when cor- 
rections and new surveys are desirable. 

The relations of geology and landscape can only be satisfactorily 
worked out by the local observer, who knows the country in every 
aspect, and who has time to visit and revisit. This line of inquiry may be 
expected to yield many new and important results to local inquirers in 
the next few years. 

But the main geological function of the Local Societies is to keep a 
watchful eye always open. Every new section brings some new infor- 
mation, some alteration or confirmation of previous opinion, some chance 
for fresh investigation. It is always better that the cream of such work 
should be skimmed by the local observer if possible, but if he is non- 
existent it is the plain duty of the Society to call in help from the outside, 


Dr. Garson placed before the Conference the Report of the Corre- 
sponding Societies Committee presented to the General Committee, 

In doing so, he drew attention to the letter sent to the Corresponding 
Societies and to the Delegates, and especially to the recommendation therein 
made that each Society should appoint a Special Committee of its own to 
consider what work it could do to assist in the investigations of the various 
Association Committees which desired the co-operation of the Corre- 
sponding Societies. 

He said that although the programme embraced the work of most of 
the Sections, complaint had been made by one Geographical Society that 
‘the subjects tabulated do not come within the scope of this Society.’ The 
Delegates, he thought, would be of opinion that‘ Variations in the Course 
of Rivers and Shape of Lakes,’ one of the subjects set, was purely geo- 
graphical, and that the excuse given for not taking part in the work Wan an 
idle one, especially as the Society in question had at least two important 
river-basins within easy reach of its members. 

He commented strongly upon the supineness shown by the Secretaries 
of many of the Societies in making the returns required by the Association 
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for retention of their Societies on the list of Corresponding Societies, and 
called upon the Delegates to note that the Committee had been obliged to 
strike six Societies off the list in consequence of the neglect of their 
Secretaries to make any return whatever, notwithstanding that they had 
been repeatedly asked to do so. 

The manner of bringing the work of the Association in which the 
Corresponding Societies were invited to take part before the Societies left 
much to be desired. While some of the Delegates and Secretaries took 
much trouble to bring the matter before their Societies, others were very 
lax ; seven out of forty Delegates at last year’s Conference had failed to 
make any report to their Societies, and only fifty-one out of sixty-eight 
Societies had any communication made to them on the subject. The kind 
of communication made by some of these Delegates was not what it should 
be. For instance, the report of one Delegate, taken haphazard, was not 
made till one month before the return of the work done by the Society 
during the year had to be sent in to the Association. The report sub- 
mitted to the Society at that late period was so highly unsatisfactory 
that he read it to show what a report should not be like. He observed 
that not one of the subjects suggested for investigation by Corresponding 
Societies is mentioned in this report, nor is there a word in it regarding 
the contents of the printed report of the Conference sent to the Delegate 
and to the Society he represented. 

Since the Report to the Council was made, the Corresponding Societies 
Committee have received replies from the Secretaries of the various Com- 
mittees of the Association and others mentioned in the list as desirous 
of obtaining the co-operation of Corresponding Societies, to whom the 
following letter was issued at as late a date before the meeting as 
possible, so that every Society which had done or attempted to do any 
work might be credited with it :— 


British Association for the Advancement of Science, 
Burlington House, London, W., 
August 6, 1902. 
Dzar Srr,—I shall be greatly obliged by your kindly answering the 
following questions, which are asked with a view to ascertain what has 
been done by Corresponding Societies of this Asscciation since the meet- 
ing last year at Glasgow with respect to......... reife eae aaa eaaa co accel 


in which their co-operation was requested :— 


1. Name the Societies from which your Committee have received 
assistance in your investigations or work, by local observations 
or otherwise, made by committees or individual members of 
those Societies. 

2. Name the Societies on behalf of which application has been made 
to you or to’any member of your Committee for particulars 
regarding your investigations, and as to how they could assist 
therein, but from whom you have not yet received any results. 


An early reply will oblige, to enable my Committee to complete its 
Report for the Belfast meeting. 
T am, yours faithfully, 

J. G. Garson, 
Secretary 
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The results are as follows :— 

5. Geological Photographs Committee.—Four Societies have done work 
in connection with this Committee—namely, the Leeds Geological Asso- 
ciation, the Croydon Scientific and Natural History Society, the Belfast 
Naturalists’ Field Club, and the Yorkshire Naturalists’ Union ; and two 
Societies not on the list of Corresponding Societies—namely, the Durham 
University Philosophical Society and the Geologists’ Association of 
London. 

8. The Ethnographical Photographs Committee have had inquiries from 
the Belfast Natural History and Philosophical Society. 

9, The Registration of Negatives of Botanical Photographs Committee 
have had inquiries from the Manchester Microscopical Society. 

11. Coast Erosion. —Mr. Whitaker reports that inquiries were made 
about this work by the Belfast Naturalists’ Field Club and the East Kent 
Scientific and Natural History Society. The Report of the Committee 
mentions that work has been done by the Yorkshire Naturalists’ Union, 
the Yorkshire Geological and Polytechnic Society, the Belfast Field Club, 
and the Hull Geological Society. 

12. Record of Bore-holes, Wells, and Sections——Mr. Merivale reports 
that the North of England Institute of Mining and Mechanical Engineers 
have decided to publish a supplement to their record of shafts, bore-holes, 
&c., and have begun to collect information for the purpose. 

15. Archeological Survey of Counties.—Mr, Bevan reports that the 
Woolhope Naturalists’ Field Club are engaged on this work. 

16. Hthnographical Survey.—The Buchan Field Club have been con- 
tinuing their work and publishing accounts of the results obtained by 
their members in Scotland. 

17. Botanical Survey of Counties.—Dr. W. G. Smith reports that 
arrangements have been made to co-operate with the Yorkshire Natu- 
ralists’ Union in a survey of Yorkshire. Assistance has been given by 
members of Natural History Societies in Huddersfield, Halifax, and 
Leeds. Information has also been asked regarding the survey by the 
Brighton and Hove Natural History and Philosophical Society. 

18. Photographic Record of Plants.—Mr. Coomaraswamy reports that 
he had an inquiry for information from the Brighton and Hove Natural 
History and Philosophical Society. 

The work of the Corresponding Societies may be considered to be of 
two kinds, viz. (1) Educational, by which he meant the diffusion of 
scientific knowledge among the members ; (2) Research or investigation 
for the elucidation of the hithertounknown. While everyone would agree 
that all the Corresponding Societies are doing excellent work in the 
former department, unfortunately those who take part in the latter kind 
of work are but few comparatively. Yet it is Local Scientific Investigation 
and publication of the results thereof which the British Association 
requires of a Society to make it eligible to be placed on the list of the — 
Corresponding Societies. He therefore hoped that the accounts given of 
the work done during the past year would bring home to many Societies 
the information wherein their work is defective and stimulate all the 
Societies to do more. 


Mr. A. O. Walker said that he represented a flourishing society of 
over 600 members, but none of them were of the leisured class. He 
thought that from various causes Local Societies were nearly played out. 
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He had tried over and over again to engage the younger men on the work 
recommended by the Association, but without success., His society, how- 
ever, supported a local museum in which was contained a collection of 
objects special to the district. 

Mr. Tocher did not agree with Mr. Walker as regards the Local 
Societies being played out. The society he represented had during the 
last year made observations on the pigmentation of over 2,000 children, 
He wished other societies would take an active interest in this work. 

Dr. Henry Woodward said that there were many fields of local know- 
ledge which were not yet exhausted, and he hoped that Local Societies 
would pursue the work. 

Mr. Mark Stirrup pointed out that there was often some difficulty 
experienced by societies in getting Delegates to represent them at the 
Conference. The scientific societies also suffer from the counter-attrac- 
tions offered by the various athletic societies to young men. 

Mr. Murdoch regretted the loss of old members who had taken active 
part in the practical field-work of his society, and he hoped that others 
might be found to fill their places. 

Mr. H. J. Seymour explained that his society had been in the habit of 
offering a prize for the best map of the local area showing the distribution 
of heather and illustrating its zoology, botany, and geology. 


Mr. J. F. Tocher then read the following paper :— 
A Plea for a Pigmentation Survey of School Children in Ireland. 


Ir is a matter of common knowledge and experience, even among the 
least observant, that there is great variation in the colour characteristics 
of the general population in the British Isles. The cause of the variation, 
the exact number of shades of colour involved in it, and the relationship 
of colour to race are problems of great interest to anthropologists. In a 
general way we have all some views on this relationship. The inheritance 
of colour as well as that of other characteristics of our parents scarcely 
requires proof; it is an everyday experience. There would be a dis- 
position, for instance, on the part of a speculative person to assume a 
fair-haired and blue-eyed child to be of a Norwegian, a Teutonic, or a 
Saxon origin. The reason for this is based on the association of these 
colours with many of the Norwegians and Germans one has met, upon 
the teaching of history, and upon tradition as to the appearance of these 
peoples. On the other hand, one might say that a swarthy-skinned, 
dark-haired, and dark-eyed person had a southern origin, and might be an 
Italian, a Frenchman, or a Spaniard, for similar reasons. The probability 
of the inference being correct is greater in the former than in the latter 
case. The point, however, is that we have here a rough qualitative test 
of race applied by a general and not a specialised observer. The object 
of a survey of the colour characteristics of the children of Ireland would 
be to determine quantitatively the various shades of colour existing 
among the people of Ireland, and thereby throw additional light on their 
racial origin, On the Continent a survey of this kind has already been 
carried out in Germany, Austria, and Switzerland. In Germany the 
survey of the German Anthropological Society, carried out in 1875 and 
1876 under the direction of Virchow, has yielded most interesting results. 
Virchow found, for instance, that 68 per cent. of the children over the 
' Archiv fiir Anthropologie, 1886, pp: 275=475. 
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whole of Germany were fair-haired and that 40 per cent. were blue-eyed. 
If the combination of these two characteristics is considered—that is, 
what is called the blond type—the proportion was found to be 31°8 per 
cent. The distribution, however, was not uniform. In North Germany 
43 per cent. of the children were of the blond type, while in South 
Germany the percentage was only 18. This evidence, which embraces 
the quantitative determination of the colour characteristics, is much more 
valuable than mere general statements supplied by history. Historical 
evidence, however, can by no means be ignored, for it forms a basis for 
deduction as to pre-existing races. This was brought prominently for- 
ward in the survey of the school children of East Aberdeenshire, which 
was carried out by my colleague Mr. Gray and myself in 1896. The 
hair colour most prevalent among Aberdeenshire children is that of 
brown in varying shades. It was found, however, that among the 14,500 
children surveyed 7 per cent. were red-haired, but in some parts there 
were 20 per cent. of red-haired children. This high percentage appears 
to be distinctly peculiar to Scotland, for among the 6,700,000 school 
children of Germany only ‘25 per cent. were red-haired. If one takes the 
description given by Tacitus of the appearance of the Caledonians to be 
accurate, it would be open to infer that, among the general population of 
Aberdeenshire, a distinct group is descended from that ancient and 
warlike people. I think it can be reasonably advanced that the survey 
of a county is scarcely sufficient as a basis for ethnological deductions, 
One has only the statistics from a fraction of the race, and many factors 
tell against presuming the general population of a county to be an average 
of the race. The survey of Scotland, however, has now been undertaken 
by a special committee, and the teachers are to be invited to co-operate 
and to supply the necessary information by the end of the present year. 
It is extremely desirable that a similar survey should be carried out in 
Ireland. The Irish, as a people, are said to be the most ancient in the 
British Isles, and their early contact with Scotland and the Scottish people 
is specially interesting to the two countries. The close relationship of the 
Gaelic language to the ancient Irish points to a time when the High- 
landers of Scotland and the Irish formed one racial group, speaking a 
common language ; while the existence and distribution of the lake- 
dwellings in Ulster and in Galloway point to early immigration from 
Ireland to Scotland, long before the age of Columcille. The antiquary 
is engaged in unravelling the mystery of the more complete megalithic 
monuments such as Stonehenge and New Grange, and the hundreds of 
fragmentary ones distributed over the British Isles, of which Ireland and 
Scotland have the larger share. The historian has still—and so has the 
philologist and everybody else—in the origin of the Picts and the origin 
of the Scots and Kelts a problem of the greatest difficulty to solve. We 
can render some assistance in dealing with these most interesting racial 
questions by accurately describing the physical appearance and the phy- 
sical characteristics of the people of the present day who speak the Irish, 
the Gaelic, and the English tongues. This we can do without in the 
least committing ourselves to what would be quite an erroneous deduction, 
namely, that all those who speak these languages are necessarily descended 
from the people who originally spoke them. As a preliminary to the 
survey of the physical and mental characteristics of a people, the survey 
of the colour characteristics is of special importance. Such a survey could 
be speedily carried out under the direction of a special Irish committee, 
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or of the local scientific associations of Ireland. The admirable researches 
already carried out by Irish societies on Irish antiquities and on Irish 
history are universally known, and a committee under the direction of 
these societies would be well fitted to carry out this desirable scheme. 
In the Scotch survey it is proposed to note the name, age, sex, and birth- 
place of each child, as well as the colour characteristics. This has already 
been done in the county of Aberdeen, and an analysis of the surnames 
and their relationship to colour brought out some striking results. It does 
not follow d@ priori that there is any general relationship of the one to 
the other, but from an ethnological point of view it is highly desirable 
to know whether there is any, and to what extent. If surnames gene- 
rally show a tendency, as groups, to develop into natural varieties of the 
population, this would point to the preservation of the leading character- 
istics in families. The rapid development of statistical science is valuable 
to the ethnologist, as the methods can be applied in many ways. An 
important method is that of determining the variability or standard 
deviation of a group from the average. If this is applied to colour and to 
the measurements of other characteristics, we have the means at our dis- 
posal of determining whether there has been mixing, and, relatively, to 
what extent the admixture has taken place. Even the bare information 
as to the frequency of particular surnames throughout Ireland is in itself 
interesting. In Aberdeenshire is was found that the surname of Milne 
was the most frequent, while the name of Smith had to oceupy a second 
place. Contrary to all expectation, only 14 per cent. of the names were 
of Highland origin. The proposed survey, besides ascertaining the colour 
characteristics, would determine the frequency of surnames in Ireland. 
One would be able then to say what proportion was purely Irish, and 
which Irish surnames were the most frequent, besides determining the 
proportion and frequency of those of foreign origin. These are the leading 
points in the plea I desire to put forward to-day, to institute a survey 
of the colour characteristics of the school children of Ireland. Before 
such a survey can be carried out it is essential that the co-operation of 
the school teachers of Ireland should be secured. But I do not think 
there will be any difficulty in this, seeing that the object is to increase 
our knowledge of the origin and characteristics of the Irish race. This 
is an object which, in addition to being scientific, may be fairly described 
as a patriotic one; and in patriotic feeling the Irish people have never 
been found to be deficient. 

Dr. Henry Woodward suggested that the attention of the Royal Irish 
Academy should be called to the importance of this subject, and that the 
Academy be asked to take up the matter and provide necessary funds for 
carrying it out. 

Mr. Bevan recommended that the attention of the Educational Depart- 
ment should be called to the subject. 

After some further remarks the meeting was adjourned. 


Second Conference, September 16. 


Professor W. W. Watts, M.A., M.Sc., in the chair. 

The Chairman explained that the special business of this meeting was 
to hear what the representatives of the various Sections of the Association 
had to say with regard to the work of those Committees in which the 
co-operation of the Corresponding Societies is desired. 

3K 2 
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It was agreed that the several subjects mentioned on pages 852 and 
853, which were selected last year for investigation by the Corresponding 
Societies, be retained on the list and again recommended to them for 
investigation during the ensuing year, except No. 6, which is to be omitted, 
and No. 18, which has been amalgamated with No. 9. 

No representative of Section A (Mathematics and Physics) was present. 

Professor E. A. Letts, D.8c., Ph.D., as a delegate from Section B 
(Chemistry), called attention to Dr. Gladstone’s communication on the 
phosphorescence and fluorescence of diamonds, and suggested that oppor- 
tunity should be taken of examining as many specimens as possible. 

In a paper by Mr. J. 8. Totton and Dr. Letts the functions of aquatic 
vegetation in absorbing certain of the nitrogenous constituents of sewage 
were dealt with, and reference was made to a previous communication by 
Mr. J. Hawthorne and Dr. Letts on the Seaweed Ulva latissima and its 
relation to sewage pollution of sea-water. It was shown (1) that its 
tissues contain a very high proportion of nitrogen ; (2) that it absorbs 
ammonia and nitrates with great rapidity from sea-water either naturally 
or artificially contaminated with those substances ; (3) that the Ulva only 
occurs in quantity in those localities where the sea-water is polluted with 
sewage ; and (4) that in both Dublin Harbour and Belfast Lough, which 
are localities of the kind, a serious nuisance is caused annually by the 
putrefaction of the seaweed when washed ashore. Professor Letts said 
that he would be very glad if those members of the Corresponding Socie- 
ties who were botanists would keep this seaweed under observation, and 
would report its occurrence in quantity in any particular district, together 
with the local conditions as to pollution, &e. 

Professor Grenville A. J. Cole, M.R.I.A., F.G.S., represented Section 
© (Geology), and summarised the more important work put before the 
Section, pointing out how local observation might assist in clearing up 
such problems as those of the Pomeroy Rocks, the distribution of northern 
erratics, &c. 

Dr. H. Woodward, F.R.S8., called the attention of the Delegates to 
the importance of registering all type-specimens of fossils in the British 
Isles. Many types were buried in local museums, and the various 
Corresponding Societies would do excellent service to science by securing 
their registration. 

Mr. W. E. Hoyle, M.A., representing Section D (Zoology), referred to 
the work in this Section which might be assisted by local observers. 
Such subjects as the investigation of the insect-fauna of Irish caves, and 
observations on mimicry in British insects, were cited as suitable for 
certain local societies. 

Dr. H. R. Mill, F.R.S.E., attending as a representative of Section E 
(Geography), said that he had more than once had occasion to be 
grateful to Local Societies for important assistance in collecting material 
for the comprehensive discussion of natural phenomena. There were 
sometimes difficulties in the way of such societies carrying out researches 
which demanded the knowledge and application only to be expected from 
specialists who devoted their whole time to the subject ; but the collection 
of data was an essential preliminary to all scientific work, and for this the 
societies were admirably suited. There was one way in particular in 
which he believed the members of Local Societies, especially those in 
Ireland, could find interesting occupation sure of leading to useful 
scientific results. He was devoting himself to the collection and discus- 
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sion of data relating to the rainfall of the British Isles, and in carrying 
on what was really a national work, though done by the co-operation ot 
the observers themselves, the chief difficulty had been the constant 
changes in the stations where observations were made, on account of the 
death and removal of the observers. This difficulty might to a great 
extent be obviated if every scientific society would make itself responsible 
(as many already did) for keeping an accurate and continuous record of 
the fall of rain, or, it might be, a series of records at properly selected 
places in their own neighbourhood. No element of climate was so 
variable and apparently so capricious as rainfall : hence the impossibility 
of having too many gauges, provided they were of good quality, properly 
placed, and conscientiously observed. At present there were large tracts 
of country in Ireland, in the highlands of Scotland, and in the Moorland 
districts of all parts of the country, about the rainfall of which we were 
almost entirely ignorant. No doubt the mere accumulation of records 
was an unworthy aim and involved only useless trouble if they were not 
turned to account. But the rainfall figures were turned to account as 
soon as received in the compilation of an annual volume containing not 
only the complete record for the year, but a series of comparisons and 
discussions—one place and one year is compared with other places and other 
years. On application to Dr. Mill, 62 Camden Square, London, N.W., 
full particulars as to observing and recording rainfall will be sent to any- 
one interested. 

Professor 8. J. Chapman, M.A., attended as a Delegate from Section F 
(Economic Science and Statistics), and explained that a Committee of 
this Section was engaged in investigating the effect of the Factory Acts 
relating to women on their wages and conditions generally, and that they 
would be glad of information from any district, or to hear of people who 
would be willing to do some direct investigating in the matter. 

Mr. Mark Barr attended as a representative of Section G (Engineer- 
ing) and called attention to the Committee for investigating the Resis- 
tance of Road Vehicles to Traction. 

Mr. G. Coffey, as a Delegate from Section H (Anthropology), brought 
before the Conference a letter referring to the destruction which is going 
on on Dartmoor by removing stones from certain ancient monuments for 
road repairs. This gave rise to a discussion on the protection of ancient 
monuments, and the following resolution was ultimately passed, on the 
motion of the Rev. J. O. Bevan : 


‘From communications received relating to the destruction of earth- 
works and other historic and prehistoric remains, this Conference is 
rendered sensible of the necessity for the systematic indexing of impor- 
tant anthropological remains, county by county, with a view to their 
preservation. It therefore commends the collection of material to Local 
Societies, and expresses the hope that steps may be taken to co-ordinate 
the various elements involved, and to arrange for the publication of the 
work. 


Mr. Harold Wager, as a Delegate from Section K (Botany), called 
attention to the Committee for the Registration of the Negatives of 
Botanical Photographs and also to the Committee for investigation of the 
Cyanophycee. It is within the power of many local societies to render 
material assistance to the work of both these Committees. 
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At this Conference the following paper was read :— 


A Plea for an Ordnance Map Index of Prehistoric Remains. 
Sy Cuartes H. Reap, F.S.A. 


Durine the past few years there has been no little discussion with 
regard to the preservation and accessibility of the best known and most 
important of our prehistoric monuments, viz., Stonehenge. The discussion 
seems to be still proceeding, but it has had one good result in the preserva- 
tion from wanton injury of this precious relic of prehistoric Britain. A 
monument so widely known over the whole civilised world, and with an 
entire literature devoted to its study, would be little likely to fall either 
into complete oblivion or to be the subject of mischievous spoliation 
without public attention being vigorously called to the fact. 

It is not therefore of Stonehenge that I wish to speak—nor is my plea 
on its behaif—but rather for its humbler brethren whom the breath of 
fame has for the most part passed over. I plead for the preservation and 
intelligent exploration of the many hundreds of remains and sites, of 
approximately the same period, that are scattered nearly over the whole 
of our islands. 

Britain is not very extensive when compared with the domains of our 
Continental neighbours. , In Roman times it was regarded as very distant 
from the centres of civilisation, and the very name spelt something like 
exile to the luxurious Roman officer. But the Roman never thought, 
and we ourselves, nearly twenty centuries later, are only beginning to 
realise, how many races had peopled these distant misty islands, one race 
overcoming the other, intermarrying or supplanting each other, but in 
any case living their lives here, building their houses, exercising their 
simple crafts, and finally laying their dead to rest in the manner prescribed 
by their own peculiar customs. Of all these primitive peoples who lived 
in Britain for many, many thousands of years before the Roman invasion 
we have scarcely a word of history. One after another they passed in 
succession, leaving no mark in the world’s history and no trace in the 
land beyond the humble tumulus for their burial-place or the sacred ring 
of stones for their temple. Practically until the Roman historians take 
up the story of Britain there is nothing existing that can be called history. 
Britain before the Christian era was regarded as a dangerous and entirely 
inhospitable land whither no sane man would willingly go, only valuable 
in fact for what could be brought away from it. 

By what means therefore are we of this twentieth century to realise 
the conditions in which our pre-Roman forefathers lived? How are we 
to construct a true history of their arts of life, their beliefs, their 
dwellings, or their handicrafts? Unless we are far more careful in the 
future than we have been in the past, the evidence now available will be 
swept away, and the story of the Britain of the Britons can never be 
told. 

Our only means of elucidating and making clear the prehistoric condi- 
tion of our country is by the careful and intelligent exploration of the sites 
of the dwellings, camps, burial-places, or religious structures raised by the 
people of those times. By noother method than this can we attain to the 
knowledge we need, and it should be borne in mind by all who undertake 
exploration of this character that they have in hand, as it were, a unique 
record ; a record, moreover, that is destroyed in the reading ; and if the 
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investigator cannot interpret it aright he destroys for ever a page, it may 
be, of human history, and no one following him can write it afresh. No 
explorer, no matter how experienced, can predicate what may be the 
evidence he will have put before him in the excavation of a simple mound 
or stone circle, and the greatest care and attention are essential if he 
desires his exploration to be moderately successful. 

Here then we have, scattered in almost every parish in the United 
Kingdom, the raw material, the original documents, from which it is the 
duty of the archeologist to weave the story of prehistoric Britain. But 
what are the present conditions of these precious documents ? What 
attention is given to the mounds that cover our downs, to the less 
prominent stone circles that are to be found scattered over our moors ? 
Tt is true that monuments of the imposing dignity of Avebury, Stone- 
henge, and others of great size are not likely to suffer from wanton 
damage because, like some human beings, their very size is their protection. 
It is true also that in some localities of the more enlightened sort 
committees have been formed, and the local societies have been active, for 
the express purpose of preserving these little noted relics. But vast 
areas remain, full of prehistoric sites, in which nothing is done in the 
nature of preservation ; and, on the other hand, agricultural operations, 
building, and the like, are doing a great deal in the way of destruction. No 
better instance could be brought forward than one of recent date 
recounted by the Rev. G. R. Buick in the ‘J ournal of the Royal Society 
of Antiquaries of Ireland’ for June of the present year.) Mr. Buick 
states that the ancient carn locally known as the Giant’s Grave, situate 
at Loughloughan, in Co. Antrim, has recently been removed. It was a 
circular heap of stones 52 feet by 39 feet in diameter. * Many years ago, 
but still in the recollection of old people in the neighbourhood, a large 
pillar stone stood upright upon it ; it was usually spoken of as ‘‘the 
memorial stone.” ... The carnitself stood on the farm of Mr, William 
Hunter, and about three miles distant from the village of Broughshane. 
It occupied a commanding site at the head of a little ravine or dell over- 
looking the beautiful valley of the Braid. . . ._ The owner sold the stones 
of which it was composed to the Antrim Iron Ore Company, whose mines 
are close at hand, and who required them for road metalling and other 
purposes. His father had such a regard for the heap and such a super- 
stitious fear of something dreadful happening if it were interfered with, 
that he would not allow the late Canon Grainger, though rector of the 
parish, to touch it when he sought permission to make a thorough 
examination of it. But tempora mutantur, &c. All the more reason for 
vigilance on the part of those who know the value of our ancient monu- 
ments and desire their preservation.’ 

Such is Mr. Buick’s story of a recent case in this very part of 
Ireland. Unfortunately illness prevented him from being present at the 
destruction, and it was not till six weeks later that he was able to make 
any inquiry on the spot. He then found that three cists had been found 
in the cairn with remains of the skeletons and several fine urns of a most 
interesting type. These were saved, no doubt owing to the protection 
afforded them by the stone cists, and from the information supplied by 
the workmen an approximate plan of their position was made. But 
although these were saved who can say what was missed ? 

No better case could be brought forward of the deliberate destruction 
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of prehistoric remains than this; and that such proceedings are not 
either uncommon or confined to any particular part of the British 
Islands is amply shown by the protest of the Dartmoor Committee. 
From the statements in this protest it would seem that the law actually 
aids and abets public officials in the systematic destruction of our pre- 
historic remains it by chance stone be used in their construction. Under 
an Act of William IV. the officer responsible for the maintenance of the 
highways is entitled to collect any stones on the surface of the adjoining 
land, public or private, for the purpose of being broken up to repair the 
roads. In such a locality as Dartmoor, covered with hut circles and the 
like, the mischief that may be done is great ; while in many others it 
is scarcely less. What is to prevent the famous cup-marked stones of 
Ilkley from being so used, or even more conspicuous monuments like 
Stanton Drew and others? Is it possible to conceive of a situation more 
absurd than that shown by the existence in the same statute-book of two 
such Acts as the Ancient Monuments Act on the one hand and this 
mischievous Act on the other? The one rigidly protects the very same 
class of monuments that may be destroyed with impunity by virtue of 
the other. It is fortunate that the Dartmoor Committee has called 
special attention to this particular danger, and I can safely leave their 
memorial to speak for itself, as it is ably supported by societies and 
persons of influence. 

The danger to other remains, however, which may not be made of 
stones is equally great, though from other causes. The burial-mounds, 
mere heaps of earth that are spread more or less over the whole country, 
are constantly being destroyed, by accident or design, and their story is 
fully as important as that of any other class of prehistoric remains. ‘The 
operations of agriculture are daily reducing such mounds to the general 
level of the surrounding land, and when the burial is at last exposed by 
the plough the relics are, in almost every case, scattered or destroyed, 
either in wanton mischief or from ignorance. It is a common thing for 
odds and ends from such sites to be brought to meat the British Museum, 
with the story that there was a great deal more found, but that they 
were divided among the farm hands or given to chance visitors. 

That such a state of things should be general in this country is not 
creditable to our civilisation. Every modern state with any pretensions 
to culture takes pains to preserve the memorials of its past, and takes a 
legitimate pride in the preservation of its ancient monuments. In Britain 
we cannot claim the same glories of architecture of early times that 
are to be found in the Mediterranean area. Our modern history has 
its glories, architectural and of other kinds, but these may safely be 
left to the guardianship of publie opinion. Public opinion, however, can 
scarcely be said to exist with regard to such of our monuments as are 
contemporary with the classical period of Greece. They are in the main 
neither generally known nor understood, and it cannot be said that they 
are immediately attractive. Nevertheless they are all we have to repre- 
sent a page, or perhaps a volume, of our country’s progress, and as such 
are deserving of attention and of preservation. 

I ventured to urge some of these points in my Address to the 
Anthropological Section at Dover in 1899, and I then formulated a 
scheme that seemed to me practical and easy to work. I cannot do 
better now than repeat the words I used at that meeting. The plan I 
proposed was to enlist the active co-operation of the local archeological 
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societies, each to take charge of the survey in its own area. Each society 
should record on the large scale Ordnance map every tumulus or earth- 
work within the county, and at the same time keep a register of the sites 
with numbers referring to the map, and in this register should be noted 
the names of the owner and tenant of the property, as well as any details 
which would be of use in exploring the tumuli. I am well aware that a 
survey of this kind has been begun by the Society of Antiquaries of 
London, and is still in progress ; but this is of a far more comprehensive 
character, and is, moreover, primarily intended for publication. The 
more limited survey I now advocate would in no way interfere with it, 
but, on the contrary, would provide material for the other larger scheme. 
Once the local society is in possession of the necessary information just 
referred to, it would be the duty of its executive to exercise a beneficent 
control over any operations affecting the tumuli, and it may safely be 
said that such control could in no way be brought to bear so easily and 
effectively as through a local society. 

Ireland is fortunate in having an admirable work devoted to its 
dolmens by the late Mr. Borlase. Such a record would form an excellent 
foundation for the survey as far as this special class of monument is 
concerned, and the survey of tumuli could be done concurrently. But 
both in Ireland and over the rest of the country a great deal has to be 
done and can only be accomplished by many and willing hands. If the 
plea that I now venture to make has the result of starting some such 
record I shall be content. 


The Rev. J. O. Bevan was glad that the subject of the preservation 
and cataloguing of prehistoric and early historic remains had been dealt 
with by Mr. Read. Notwithstanding the limited number of scientific 
societies exclusively Irish, it was a matter for congratulation that the 
interesting and peculiar features of early Irish architecture and art had 
been so carefully conserved, owing to theexertion of public authorities. A 
great deal, however, remained to be done throughout the three kingdoms. 
It was monstrous, e.g., that on such an important area as Dartmoor the 
highway authorities were permitted to appropriate valuable remains and 
break them up for the metalling of roads! Such an Act of Parliament 
ought to be at once rescinded. Public opinion should be roused in refe- 
rence to the entire subject and Local Societies, such as those they repre- 
sented, could do a great deal.' 

At the conclusion of the Conference a hearty vote of thanks was 
accorded to the Chairman, on the motion of Mr. Mark Stirrup, seconded 
by Mr. F. W. Hembry. 


1 The following resolutions were subsequently referred to the Council of the 
Association :— s 


*That the Council be requested to impress upon his Majesty’s Government the 
desirability of appointing an Inspector of Ancient Monuments under the Ancient 
Monuments Act in the place of the late Lieut.-General Pitt-Rivers. 

‘That the Council be requested to call the attention of his Majesty’s Government 
to the destruction of Ancient Monuments, especially on Dartmoor, which is autho- 
rised under the terms of the Highway Act, 5 & 6 Wm. IV., ¢c. 50, the provisions of 
lee are unrepealed by later Acts; and to urge the repeal of this section of 

e Act.’ 
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CORRESPONDING SOCIETIES, 877 


Outalogue of the more important Papers, and especially those referring 
to Local Scientific Investigations, published by the Corresponding 
Societies during the year ending May 31, 1902. 

*,* This catalogue contains only the titles of papers published in the volumes or 


parts of the publications of the Corresponding Societies sent to the Secretary of 
the Committee in accordance with Rule 2. 


Section A.—MATHEMATICAL AND PHYSICAL SOIENCE. 


Biag-WitHer, H. Notes on Detonators. ‘Trans. Inst. Min. Eng.’ xxt. 
442-448, 1902. 

Buacx, W.G. Table of Storm Waves and Winds. ‘Journal Manch. 
Geog. Soc.’ xvi. 189. 1902. 

Buapen, W. Wetts. Report of the Meteorological Section. ‘ Trans. 
N. Staff. F. C.’ xxxvi. 98-101. 1902. 

Brown, J. Some Matters Electric. (Presidential Address.) ‘ Proc. 
Belfast Nat. Hist. Phil. Soc. 1900-1901,’ 17-383. 1901. 

Burton-on-Trent Natura History aND ARCH#OLOGICAL Socrsry. 
Weather Reports for 1897, 1898, 1899. ‘Trans. Burt. N. H. Arch. 
Soe.’ rv. 149-154. 1901. 

CampsBeLu-BayarD, F. Meteorological Report for 1900. ‘Trans. Croy- 
don M. N. H. C. 1900-1901,’ 56-60, and Appendices of Tables, 53 pp. 
1901. 

CARADOC AND SEVERN VALLEY Freup Cuus. Meteorological Notes, 1901. 
‘Record of Bare Facts,’ No. 11, 54-65. [1902.] 

Cuampers, G. F. Total Eclipse of the Sun in 1900. ‘ South-Eastern 
Naturalist for 1900,’ 41-43. 1901. 

Cots, Rev. E. Maute. Water-spouts on the Yorkshire Wolds. ‘Trans. 
Hull Sci. F. N. C.’ 1. 225-228. 1901. 

Conuinawoop, Epwarp J. Meteorological Record at Lilburn Tower for 
1900. ‘History Berwicksh. Nat. Club,’ xvu. 315-316. 1900. 

CRESSWELL, ALFRED. Records of Meteorological Observations taken at 
the Observatory of the Birmingham and Midland Institute, Edgbaston, 
1901. ‘Birm. and Mid. Inst. Sci. Soc.’ 25 pp. 

Dennina, W. F. The Planet Jupiter and his Markings. ‘ Trans. Toronto 
Astr. Soc.’ x11. 81-34. 1902. 

Drx, F. Nineteenth Century Rainfall. ‘Trans. Norf. Norw. Nat. Soc.’ 
vi. 260-261. 1901. 

Duntopr, James §. The Non-Elastic Deformation of Copper Wire under 
various Stresses. ‘Proc. Glasgow Phil. Soc.’ xxx. 31-47. 1901. 
Envins, ANDREW. Notes on World Formation by Accretion. ‘Trans. 

Toronto Astr. Soc.’ x11. 30-31. 1902. 

Harvey, Arruur. The Sun. ‘Trans. Toronto Astr. Soc.’ x1. 18-29. 
1902. 

— Synchronism of Northern and Southern Aurore. ‘Trans. Toronto 
Astr. Soc.’ x11. 37-38. 1902. 

Herywoop, H. Meteorological Observations in the Society’s District, 
1900. ‘ Trans. Cardiff Nat. Soc.’ xxxmm. 1-19. 1902. 

Hopkinson, Jonn. Report on the Rainfall in Hertfordshire in the Year 
1900. ‘Trans. Herts N. H. Soc.’ x1. 88-42. 1901. 

~—— Meteorological Observations taken in Hertfordshire in the Year 
1900. ‘Trans. Herts N. H. Soe.’ x1. 65-74. 1902. 


878 REPORT—1902. 


Hutt, Prof. G. F. The Pressure of Light and its Application to Astro- 
nomical Problems. ‘ Trans. Toronto Astr. Soe.’ x11. 123-1380. 1902. 

Jounson, R. C. Notes on Observations of Total Solar Kelipses, 1851- 
1900. ‘Proc. Liverpool Lit. Phil. Soe.’ nv. 108-114. 1901. 

Kay, J. The Carbon Process of Picture Making. ‘ Trans. EK. Kent §. N. H. 
Soc.’ 1. 6-7. 1901. 

Lauper, A. Telephotocraphy. ‘Trans. E. Kent 8. N. H. Soe.’ 1. 16-21. 
1901. 

Lumspen, GrorcE E. The Threshold of a NewCentury. (Presidential 
Address.) ‘Trans. Toronto Astr. Soc.’ x11. 2-17. 1902. 

Marxuam, C. A. Meteorological Report—Observers’ Notes. ‘Journal 
Northants. N. H. Soe.’ xt. 85-41, 83-88, 119-124, 185-140. 1901, 1902. 

Mawutey, Epwarp. Report on Phenological Phenomena observed jn 
Hertfordshire during the Year 1900. ‘Trans. Herts N. H, Sos.’ xq, 
538-59. 1901. 

Meyricr, EK. Meteorological Observations, 1901. ‘Report Marlb. Coll. 
N. H. Soe.’ No. 50, 103-124. 1902. 

Mratu, Prof. L. C. Dew-Ponds. ‘Journal Northants. N. H. Soe.’ x1. 
18-22. 1901. 

Minuer, A. F. Observations of Nova Persei. ‘Trans. Toronto Astr, 
Soc.’ x1. 106-118. 1902. 

Moors, A. W. Report of Meteorological Section [1900]. ‘Yn Lioar 
Manninagh,’ 11. 619-621. 1902. 

Morton, Prof. W. B. Colour. ‘Proc. Belfast Nat. Hist. Phil. Soe. 
1900-1901,’ 60-62. 1901. 

Musson, W. B. Stellar Evolution. ‘Trans. Toronto Astr. Soc.’ x11, 
88-95. 1902. 

NewsHotmE, ArtHur. Meteorological Report. ‘Rep. Brighton N. H. 
Phil. Soc. 1900-1901,’ 46-47. 1901. 

Prowricut, Dr. C. B. Solar Halo and Mock Sun. ‘ Trans. Norf. Norw. 
Nat. Soc.’ vit. 174-177. 1901. 

Porr, JosrepH. Halley’s Comet. ‘ Trans. Toronto Astr. Soc.’ x11, 52-60. 
1902. 

Preston, A. W. Meteorological Notes, 1900. ‘Trans. Norf. Norw. Nat. 
Soe.’ vir. 204-211. 1901. 

RiegDEN, Brian. Canterbury Weather, 1900-1901. ‘Trans. E. Kent 
S. N. H. Soe.’ 1.47. 1901. 

Russet, Hon. Rotnto. Forms of Moisture in the Atmosphere. ‘ South- 
Eastern Naturalist for 1901,’ 16-30. 1901. 

Savinte-Kent, W. Three-Colour Photography applied to the Correct 
Delineation of Natural History Subjects. ‘Trans. Croydon M. N. H.C. 
1900-1901,’ 17-22. 1901. 

SHarman, Epwarp. Rainfall at Croyland Abbey, Wellingborough, 1861- 
1900. ‘Journal Northants N. H. Soc.’ x1. 41-48. 1901. 

Strupart, R. F. Sun Spots and Precipitation. ‘Trans. Toronto Astr. 
Soe.’ x1r. 42-46. 1902. 

Tuacker, SB. L. (S. Staff. Inst. Eng.). The Determination of the Calorific 
Power of Fuel. ‘Trans. Inst. Min. Eng.’ xx. 75-82. 1901. 

WEeATHERBE, J. H. Paths of the Planets in the Sky. ‘Trans. Toronto 
Astr. Soc.’ x11. 39-42. 1902. 

Wueeter, ArtHuR O. Notes on the Field-work of Photographic Sur- 
veying as applied in Canada. ‘Trans. Inst. Min. Eng.’ xx1. 418-485. 
1902. 
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Wartetey, J. Meteorological Table for the Year 1901 (Halifax). 
‘ Halifax Naturalist,’ vi. 126-127. 1902. 

YorKsHIRE PHInosopHicAL Socrpty. Meteorological Record for the 
Year 1901. ‘Report Yorks. Phil. Soc. for 1901,’ 16-21. 1902. 


Section B.—CHEMISTRY. 


Davipson, J. R. Filtration of Water. ‘Trans. Liverpool E. Soc.’ xxi. 
91-102. 1901. 

Dickinson, JoserH. Gravitation of Firedamp. ‘Trans. Manch. Geol. 
Soc.’ xxvul. 163-165. 1901. 

GuaistER, Prof. Jonn. Sewage Disposal and Sewage Purification: a 
Critical Study of the various Modes now in use from the Points of 
View of Applicability, Economy, and Efficiency. ‘ Proc. Glasgow Phil. 
Soc.’ xxx. 151-191. 1901. 

Kitson, ArtHur (Midland Inst. Eng.). The Kitson System of Petro- 
leum Incandescent Light. ‘Trans. Inst. Min. Eng.’ xxu. 52-56. 
1901. 

Macsriz, Dr. Why is the Sea Salt? ‘Trans. Inverness Sci. Soc.’ 
v. 388-358. 1902. 

PricxarpD, Dr. Ropert Howson. Formation of Amides from Aldehydes. 
‘Proc. Birm. N. H. Phil. Soc.’ xr. 110-111. 1902. 

Prowricut, Dr. C.B. Woad as a Blue Dye, with an Account of its 
Bibliography. ‘ Trans. Norf. Norw. Nat. Soc.’ vm. 188-146. 1901. 

Smiru, J. Kent (N. Staff. Inst. Eng.), Water-softening. ‘ Trans. Inst. 
Min. Eng.’ xx1. 278-289. 1901. 

SUTHERLAND, DucueEss or. Note on Vegetable Colouring-matters used 
as Dyeing Materials in the Scotch Highlands. ‘ Hssex Naturalist,’ 
xm. 45. 1901, 


Section C.—GEouLoay. 


Barrstow, U, Local Land Movements. ‘ Halifax Naturalist,’ vr. 76— 
82, 101-105, 1138-119. 1901, 1902. 

Baxer, B. A. Celestine Deposits of the Bristol District. ‘Proc. Bristol 
Nat. Soc.’ rx. 161-165. 1902. 

Baupwin, W. On Prestwichia rotundata found at Sparth Bottoms, 
Rochdale, Lancashire. ‘Trans. Manch. Geol. Soc.’ xxv. 149-154. 
1901. 

Barke, F. Report of the Geological Section. ‘Trans. N. Staff. F. C.’ 
xxxvi. 75-76. 1902. 

Barnes, J., and W. F. Hotroyp. Notes on a Fossil found in the Shales 
below Millstone Grit, Pule Hill, Marsden. ‘Trans. Manch. Geol. 
Soc.’ xxvit. 156-159. 1901. 

Bates, J. I. Cambrian Rocks of Warwickshire. ‘Proc. Warw. N. A.: 
F. ©., 1900,’ 13-20. 1902 (?). 

Brastey, Henry C. Some recent Exposures of the Keuper Marls at 
Oxton, Cheshire. ‘ Proc. Liverpool Geol. Soc.’ 1x. 68-74. 1901. 
— Notes on Type Specimens of Cheirotherium herculis (Egerton). 

‘Proc. Liverpool Geol. Soc.’ rx. 81. 1901. 

—, J. Lomas, T. M. Reape, I. C. THompson, and Prof. W. A. 
Herpman, The Museum Question. ‘Proc. Liverpool Geol. Soc.’ 
IX. xy.-xxxiy. 1901. 


880 REPORT—1902. 


Broom, Dr. R. On the Structure of the Palate in Dicynodon, and its 
Allies. ‘Trans. 8. African Phil. Soc.’ x1. 169-176. 1901. 

On Ictidosuchus primevus. ‘ Trans. 8. African Phil. Soc.’ x1. 177- 
184. 1901. 

Capretu, Henry M. The Oilshale-fields of the Lothians. ‘Trans. Inst. 
Min. Eng.’ xxi. 814-371. 1902. 

-— The Carboniferous Limestone Coal-fields of West Lothian. ‘ Trans. 
Inst. Min. Eng.’ xxir. 872-400. 1902. 

Capman, Joun (N. Staff. Inst. Eng.). The Occurrence, Mode of Work- 
ing, and Treatment of the Ironstones found in the North Staffordshire 
Coal-field. ‘Trans. Inst. Min. Eng.’ xxr. 89-99. 1901. 

— On the Discovery of the Bassey Mine Spirorbis Limestone to the 
West of the Anticline of the North Staffordshire Coal-field. ‘Trans. 
N. Staff. F. C.’ xxxvi. 81-85. 1902. 

Carrncross, J. M. (Mining Inst. Scot.). The South Lesmahagon Coal- 
tield. ‘Trans. Inst. Min. Eng.’ xxi. 234-250. 1901. 

Canuaway, Dr. C. A Sketch of the Archwan Geology of Anglesey. 
‘Proc. Liverpool Geol. Soc.’ rx. 82-93. 1901. 

CaRADOG AND SEVERN VALLEY Fre~p Cius. Geological Notes, 1901. 
‘Record of Bare Facts,’ No. 11, 48-538. [1902.] 

Cuapman, Freperick. ‘The Ancient Beaches of Brighton and their 
Microscopical Contents. ‘Rep. Brighton N. H. Phil. Soc. 1900-1901,’ 
17-20. 1901. 

— Ostracoda from the Chara-Marl of Hitchin. ‘Trans. Herts. N. H 
Soe.’ x1. 60-62. 1901. 

Coates, Henry. The Progress of Geology during the Nineteenth Cen- 
tury. (Annual Address.) ‘ Proc. Perths. Soc. Nat. Sci.’ m1. lxxix.—xeiv. 
1901. 

Davip, W. The Position of and Method of Working Bath Stone in the 
Quarries of the Bath Stone Firms. ‘Trans. Inst. Min. Eng.’ xx. 495- 
499. 1902. 

Dickinson, JosepH. Lead Mining Districts of the North of England 
and Derbyshire. ‘Trans. Manch. Geol. Soc.’ xxvur. 218-265. 1902. 

Foster, C. Le Neve. The Experimental Elucidation of certain Vein 
Phenomena. ‘Trans. Cornwall R. Geol. Soc.’ x11. 475-482. 1902. 

Fox, Howarp. On the Distribution of Fossils on the North Coast of 
Cornwall, South of the Camel. ‘Trans. Cornwall R. Geol. Soc.’ x1. 
535-545. 1902. 

GoopcuiLpD, J.G. The Geology of Burnmouth, Berwickshire. ‘ History 
Berwicksh. Nat. Club,’ xvir. 228-234. 1901. 

Hause, Epwarp (N. Eng. Inst.). Some Silver-bearing Veins of Mexico 
(continued). ‘Trans. Inst. Min. Eng.’ xxi. 198-213. 1901. 

Herpman, Prof. W. A. The Geological Succession and the Origin of 
Man. (Presidential Address.) ‘Proc. Liverpool Geol. Soc.’ 1x. 1-24. 
1901. 

Hitx, J.B. The Plutonic and other Intrusive Rocks of West Cornwal 
in their relation to the Mineral Ores. ‘ Trans, Cornwall R. Geol. Soe.’ 
xu. 546-615. 1902. 

Hinp, Dr. WHEEtton. A List of Localities where Fossils occur in the 
Pendleside Series of the Country round North Staffordshire. ‘Trans. 
N. Staff. F. C.’ xxxvi. 77-80. 1902. 

—— (N. Staff. Inst. Eng.). The Sequence. of the Carboniferous Rocks 
in North Staffordshire. ‘Trans. Inst. Min. Eng.’ xxi, 219-227. 1902. 


CORRESPONDING SOCIETIES. 881 


Homes, T. V. Geological Notes on the New Reservoirs in the Valley of 
the Lea, near Walthamstow, Essex. ‘ Essex Naturalist,’ x11. 1-16. 
1901. 

Hopkinson, Jonny. List of Works on the Geology of Hertfordshire, 
1884-1900. ‘Trans. Herts. N. H. Soc.’ x1. 87-104. 1902. 

Kenpaut, Percy F., and J. H. Howartru. Additions to the Records of 
the Yorkshire Boulder Committee’s Fourteenth Year’s Report, 1899— 
1900. ‘The Naturalist for 1901,’ 217-218. 1901. 

Lapworts, Prof. Cuaruus (S. Staff. Inst. Eng.). (Presidential Address.) 
[Geology and Engineering.] ‘Trans. Inst. Min. Eng.’ xxu. 63-73. 
1901. 


Laurence, W.K. Saltford Slip. ‘Trans. Inst. Min. Eng.’ xx. 476. 1902. 

Lees, F. Arnoup. Wetherby revisited by the Yorkshire Naturalists. 
‘The Naturalist for 1891,’ 325-332. 1901. 

Lomas, J. The Occurrence of Estheria and Plant Remains in the 
Keuper Marls at Oxton, Birkenhead. ‘Proc. Liverpool Geol. Soc.’ rx. 
75-80. 1901. 

— On Pre-Glacial Land Surfaces near Prenton. ‘Proc, Liverpool 
Geol. Soc.’ rx. 94-100. 1901. 

Lonce, F. D. On the Formation of Flints in Chalk. ‘Trans. Norf. 
Norw. Nat. Soc.’ vit. 148-155. 1901. 

Louts, Prof. Henry. Dolomite. ‘Trans. Burt. N. H. Arch. Soc.’ rv. 111— 
TH, 1901; 

—— (N. Eng. Inst.). Note on a Mineral Vein in Wearmouth Colliery, 
‘Trans. Inst. Min. Eng.’ xxi. 127-129. 1901. 

Lower, Harrorp J. The Sequence of the Lizard Rocks. (Second Paper.) 
‘Trans. Cornwall R. Geol. Soc.’ xir. 507-534. 1902. 

McDaxty, J. Gorpon. Geological Report—Coast Erosion. ‘Trans. E. 
Kent 8. N. H. Soc.’ 1. 45. 1901. 

Mackie, Dr. The Sands and Sandstones of Eastern Moray. ‘Trans. 
Inverness Sci. Soe.’ v. 834-61. 1902. 

—— The Felspars present in Sedimentary Rocks as Indicators of the 
Conditions of Contemporaneous Climate. ‘ Trans. Inverness Sci. Soc.’ 

_ Vv. 197-255. 1902. 

Macnarr, Peter. On the Occurrence of a Zone of Annelid Burrows 
across the Southern Highlands of Scotland. ‘Trans. Perths. Soc. Nat. 

) Sci.’ m1. 1381-160. 1901. 

Maytix, H.G. Transportation of Glacial Boulders from the Lake Dis- 
trict to the North-West Coast.’ ‘Proc. Birmingham N. H. Phil. Soc. 
x1. 94-109. 1902. 

Meyrick, E. Report of the Geological Section. ‘Report Marlb. Coll. 
N. H. Soc.’ No. 50, 75-81. 1902. 

-Motencraarr, Dr. G. A. F. (N, Eng. Inst.). Remarks on Mr. Wm. 
Taylor Heslop’s Paper on ‘ The Coal-fields of Natal.’ ‘Trans. Inst. 
Min. Eng.’ xxt. 215-219. 1901. 

‘Morcan, Prof. C. Luoyp. The Effects of Lateral Pressure in the 
Bristol District: an Estimate and a Suggestion. ‘ Proc. Bristol Nat. 
Soc.’ 1x. 148-151. 1902. 

—— The River Avon Gorge. ‘ Trans. Inst. Min. Eng.’ xx. 514-516. 1902. 

“Morgan, J. The Structure and Growth of Corals. ‘Trans, E. Kent 
S. N. H. Soe.’ 1. 7-18. 1901. 

‘Morton, G. H. Carboniferous Limestone, North-East of Anglesey. 
; ae Liverpool Geol. Soc.’ 1x, 25-32. 1901. 

1902. 3b 


882 REPORT—1902. 


Morton, G.H. The Carboniferous Limestone of Anglesey and Car- 
narvonshire. ‘ Proc. Liverpool Geol. Soc.’ rx, 82-35. 1901. 

Carboniferous Limestone of the Kast of Anglesey. ‘ Proc. Liverpool 
Geol. Soc.’ 1x. 36-48. 1901. 

-—— The Carboniferous Limestone Fossils of North Wales. ‘ Proc. Liver- 
pool Geol. Soc.’ rx. 49-67. 1901. 

OxsatsK1, J. Mineral Resources of the Province of Quebec, Canada. 
‘ Trans. Inst. Min. Eng.’ xxi. 505-508. 1902. 

O’Suntivan, C. The Dales of Derbyshire. ‘Trans. Burt. N. H. Arch. 
Soc.’ Iv. 49-64. 1901. 

Pearson, HucH (Mining Inst. Scot.). The Rand Conglomerates, Trans- 
vaal. ‘Trans. Inst. Min. Eng.’ xxi. 209-213. 1902. 

Pootn, Henry §&. (N. Staff. Inst. Hng.). The Coal-fields of New 
Brunswick, Canada. ‘Trans. Inst. Min. Eng.’ xx. 40-47. 1902. 
Rayyer, Frank, and J. Harotp Herpert. The Scenery and Under- 
ground Waters of the Malham District (West Yorkshire). ‘ Trans. 

Nott. Nat. Soc. 1900-1901,’ 34-40. 1901. 

Reapbe, T. Menpnarp, and Parure Honnanp. The Green Slates of 
the Lake District, with a Theory of Slate Structure and Slaty 
Cleavage. ‘ Proc. Liverpool Geol. Soc.’ rx. 101-127. 1901. 

Rep, A. S. Note on some Crustacean Tracks from the Cairnies Quarry, 
Glenalmond. ‘ Proc. Perths. Soc. Nat. Sci.’ m1, xciv. 1901. 

Rep, Cuement. Further Note on the Paleolithic Deposits at Hitchin. 
‘Trans. Herts N. H. Soc.’ x1. 63-64. 1901. 

Rew, D. J. The Inverness Section of the Aviemore Line. ‘Trans. 
Inverness Sci. Soc.’ vy. 254-263. 1902. 

Bore at Inverness. ‘Trans. Inverness Sci. Soc.’ v. 400-401. 1902. 

SanpemMAN, J. J. Gold Mining in the Rossland District, British 
Columbia. ‘Trans. Inst. Min. Eng.’ xx. 401-403. 1901. 

Sawyer, A. R. The Tarquah Goldfield, Gold Coast, West Africa. 
‘Trans. Inst. Min. Eng.’ xxi. 402-417. 1902. 

Seymour, H. J. The Microscopical Minerals occurring in Sands. ‘ Proce. 
Belfast Nat. F. C.’ rv. 600-601. 1901. 

SHEPPARD, THomas. Bibliography : Geology and Paleontology, 1897-98. 
‘The Naturalist for 1901,’ 805-324. 1901. 

Suvpson, Winu1AM. Glacial Drift Deposits at Mytholmroyd. ‘ Halifax 
Naturalist,’ vr. 98-96. 1901. 

SmitH, Joun. The Drift of Glacial Deposits in Ayrshire. ‘ Trans. 
Inverness Sci. Soc.’ v. 95-105. 1902. 

SmirH, Wiuu1am. The Buffelsdoorn and adjacent Districts of the 
Northern Klerksdorp Goldfields, Transvaal. ‘Trans. Inst. Min, Eng.’ 
xxi. 444-448. 1902. 

Srirpine, JAMES. The Geological Ages of the Gold Deposits of Victoria. 
‘Trans. Inst. Min. Eng.’ xx. 442-475. 1902. 

Sreavenson, A. L. (N. Eng. Inst.). The Carboniferous Limestone 
Quarries of Weardale. ‘Trans. Inst. Min. Eng.’ xxm. 115-123. 1901. 

Stospss, JoHN T. On the Occurrence of a New Marine Bed in the Coal 
Measures of North Staffordshire. ‘Trans. N. Staff. F. C.’ xxxv. 
86-89. 1902. 

Srosss, T. (N. Staff. Inst. Eng.). Recent Work in the Correlation of the 
Measures of the Pottery Coal-field of North Staffordshire, with Sug- 
gestions for further Development. ‘Trans. Inst. Min. Eng.’ xxit. 
229-246. 1902. 


CORRESPONDING SOCIETIES, 883 


Swanston, W. Notes on some Clay Concretions from the Connecticut 
Valley, U.S.A. ‘Proc. Belfast Nat. Hist. Phil. Soc. 1900-1901,’ 49- 
50. 1901. 

Tompson, Brersy. A Record of Two Wells. ‘Journal Northants: 
N. H. Soe.’ x1. 68-76, 93-105. 1901. 

THompson, Miss S. M. On the supposed Occurrence of a Patch of 
White Lias or Rhaetic Rock on the Shore North of Macedon Point; 
Belfast Lough. ‘ Proc. Belfast Nat. F. C.’ 1v. 566-569. 1901. 

Ussuer, W. A. E. The Culm-measure Types of Great Britain. ‘ Trans: 
Min. Eng.’ xx. 360-387. 1901. 

Wappineton, Joun. Yorkshire Naturalists at Wykeham, near Scar- 
borough. ‘The Naturalist for 1901,’ 293-301. 1901. 

Waxpron, F. W. On the Appearance and Disappearance of a Mud 
Island at Walfish Bay. ‘Trans. 8. African Phil: Soc.’ x1. . 185-188: 
1901. 

Watxace, THomas. Recent Geological Changes and the Culbin Sands: 
‘Trans. Inverness Sci. Soc.’ v. 105-123. 1902. 

Wattace, THomas D. Geological Notes on Strathdearn and the Avie- 
more Railway. ‘Trans. Inverness Sci. Soc.’ v. 805-314. 1902. 
Warp, Jonny. Ona Fragment of the Tusk of a Mammoth from Fenton, 
with Notes on Previous Discoveries of Mammalian Remains in North 

Staffordshire. ‘Trans. N. Staff. F. C.’ xxxvr. 90-93. 1902. 

Additions to the Literature relating to the Geology, Mineralogy, 
and Paleontology of North Staffordshire (continued). ‘ Trans. N. Staff. 
F. C.’ xxxvi. 94-97. 1902. 

Wuitaker, Wm. Some Notes on Surrey Science. (Presidential Address.) 
‘Trans. Croydon M. N. H. C. 1900-1901,’ xlviii—lix. 1901. 

Some Surrey Wells. (Third Paper.) ‘Trans. Croydon M. N. H.C. 
1900-1901,’ 30-50. 1901. 

Witson, the late Epwarp, and Prof. 8. H. Reynoups. Uphill Bone- 
caves. ‘ Proc. Bristol Nat. Soc.’ 1x. 152-160. 1902. 

Wooprurre-Pracook, Rev. E, A. Naturalists in South Lincolnshire. 
‘The Naturalist for 1901,’ 261-265. 1901. 

Wricut, JosepH. Foraminifera of the Pleistocene Clay of Bovevagh, 
co. Derry. ‘Proc. Belfast Nat. F.C.’ tv. 603-605. 1901. 

The Foraminifera of the Pleistocene Clay, Shellag. ‘Yn Lioar 
Manninagh,’ 111. 627-629. 1902. 

Warieut, W. B. The Glacial Origin of Glendoo. ‘ Irish Naturalist,’ x1, 
96-102. 1902. 


Section D.—Zoonoey. 


BackuHouss, James. Preliminary Catalogue of the British Bird Collecs 
tions in the Possession of the Yorkshire Philosophical Society. 
Part III. ‘Report Yorks. Phil. Soc. for 1901,’ 83-62. 1902. 

Brrp, Rev. M.C.H. Observations on the Viper (Peliws berws). ‘Trans. 
Norf. Norw. Nat. Soc.’ vir. 248-245. 1901. 

Bostock, E. D. Report of the Entomological Section. ‘Trans. N. 
Staff. F.C.’ xxxvi. 69-72. 1902. 

Bovutenacer, G. A. Presidential Address to the South-Eastern Union of 
Scientific Societies (The Progress of Herpetology): ‘South-Hastern 


Naturalist for 1901,’ 1-11. i901. 
3L2 


884 REPORT—1902. 


Boyp, W.C. List of the Lepidoptera of Cheshunt and its Neighbour: 
_ hood... ‘Trans. Herts N. H. Soc.’ xr. 75-86. 1902. 

Burton, F. M. Occurrence of the Osprey in Lincolnshire. ‘ The Natu- 
_ ralist for 1901,’ 161-162. 1901. ir 

CAMPBELL, Col. On Some Prison Birds. ‘ Trans. Perths. Soc. Nat. Sci.’ 
mI. 97-101. 1901. 

Carapoc AND SEVERN VALLEY Fietp Cnuus. Zoological Notes, 1901. 
‘Record of Bare Facts,’ No. 11, 86-47. [1902.] 

CruarkE, H. SHortripGe. Locusts in the Isleof Man. ‘ Yn Lioar Man: 
ninagh,’ ur. 548-544. 1901. 

Report of the Entomological Section [1900]. ‘Yn Lioar Man- 
ninagh,’ 111. 616-619. 1902. 

—— The Leaf-cutter Bee (Apis Centuncularis). ‘Yn Lioar Manninagh,’ 
111. 627. 1902. 

Conner, H.D. Salmon Fisheries in Ireland and the Report of the Irish 
Inland Fisheries Commission. ‘Journal Stat. Soc. Ireland,’ x1. 68- 
74. 1901. 

CrELLIN, Miss A. M. Notes on the Tortoise at Orry’s Dale. ‘Yn Lioar 
Manninagh,’ 11. 515. 1901. 

CreLLIN, Joun C. Report of Zoological Section [1900]. ‘Yn Lioar 
Manninagh,’ 1. 612-615. 1902. 

CrossmMAn, AtAN F. Notes on Birds observed in Hertfordshire during 
the Year 1900. ‘Trans. Herts N. H. Soe.’ xr. 47-52. 1901. 

CrowtHer, J. E. The Natural History of Tag Lock: I. The 
Vertebrates. ‘Halifax Naturalist,’ vr. 73-75. 1901; Il. Fishes. Ib. 
97-100. 

Crump, W. B., and others. A Spring Diary, 1901. ‘ Halifax Naturalist,’ 
vi. 45-47. 1901. 

Dawson, CuartEs. Discovery of a Mummied Toad in a Flint Nodule, 
found at Lewes, Sussex. ‘Rep. Brighton N. H. Phil. Soc. 1900- 
1901,’ 384-89. 1901. 

Drange, R. Olla podrida with Nescio quidquid Sauce. [Natural History 
Notes.] ‘ Trans. Cardiff Nat. Soc.’ xxxim. 59-70. 1902. 

Dutuis, Lieut.-Col. W. H. M. Gulls—the Links of Land and Sea. 
‘Trans. Perths. Soc. Nat. Sci.’ mz. 105-110. 1901. 

Evans, AntHur H. Presidential Address. [The Migration of Birds.] 
‘ History Berwicksh. Nat. Club,’ xvir. 185-196. 1901. 

Evans, Winuiam. A Preliminary List of Collembola and Thysanura. 
‘Trans. Perths. Soc. Nat. Sci.’ m1. 150-154. 1901. 

GrorGE, ©. F. Lincolnshire Water Mites: Third List. ‘The Natu- 
ralist for 1902,’ 13-14. 1902. 

Gipss, A. E. Notes on Lepidoptera observed in Hertfordshire during 
the Year 1900. ‘Trans. Herts N. H. Soe.’ x1. 48-45. 1901. 

Gisgs, THomas. Yorkshire Naturalists’ Union at Masham. ‘The 
Naturalist for 1902,’ 15-20. 1902. 

Gurney, J. H. Coot Shooting on Hickling Broad. ‘Trans. Norf. 
Norw. Nat. Soc.’ vi. 267-273. 1901. 

GyNGELL, WauTER. A Naturalist’s Holiday amongst the Cumberland 
Sandhills. ‘The Naturalist for 1902,’ 157-163. 1902. 

Haurrax Screntiric Society. Local Records in Natural History. 
‘Halifax Naturalist,’ vi. 120-125. 1901. 

Hatuiway, Epwarp. Wingless Moths.—III. ‘ Halifax Naturalist,’ vz. 
87-88. 1901. 


CORRESPONDING SOCIETIES, 885 


Harmer, Dr. Srpney F. Presidential Address. [The Study of the . 
Natural History of Aquatic Invertebrates.] ‘Trans. Norf. Norw. Nat, 
Soc.’ vir. 115-137. 1901. 

—— On some Markings on the Skin of a Dolphin (Delphinus delphis), 
‘Trans. Norf. Norw. Nat. Soc.’ vit. 185-187. 1901. 

Harrison, Rev. G. R. Some British Birds of Prey. ‘Trans. Burt, 
N. H. Arch. Soe.’ rv. 15-18. 1901. 

Hickson, Prof.Sypney J. Fertilisation. (Presidential Address.) ‘ Trans. 
Manch. Mice. Soc. 1902,’ 25-84. 1902. 

HorsuEey, STEPHEN. The Place of Man in Nature’s Scale of Life. 
(Presidential Address.) ‘Trans. EB. Kent S. N. H. Soc.’ 1. 1-6. 
1901. 

Howes, Prof. G. B. Recent Work on Molluscan Morphology (Abstract). 
‘ Hssex Naturalist,’ x1. 46-47. 1901. 

Huu, Rev. J. EK. Spiders of Northumberland and Durham: Some 
Notes of Recent Captures. ‘The Naturalist for 1901,’ 365-368. 
1901. 

Hutt, Wu. The Natural History of Northamptonshire. (Presidential 
Address.) ‘Journal Northants. N. H. Soc.’ x1. 10-12. 1901. 

Hurcarnson, JonatHan. The Influence of Use upon Structural Modifi- 
cations. ‘South-Eastern Naturalist for 1901,’ 51-54. 1901. 

Iste oF Man Narurat History anp ANTIQUARIAN Socizty. Birds 
Observed in the Isle of Man, 1900. ‘Yn Lioar Manninagh,’ 11. 634-— 
635. 1902. 

Kane, W. F. pe V. Recent Progress in Irish Natural History. (Presi- 
dential Address to Dublin N. F.C.) ‘Irish Naturalist,’ x1. 58-60. 
1902. 

Kermope, P. M.C. List of Birds of the Isle of Man, with Notes. ‘Yn 
Lioar Manninagh,’ 111. 516-548. 1901. 

Kew, H. Watts. Notes on the Weevil-Cocoons of the Figworts. ‘The 
Naturalist for 1902,’ 149-155. 1902. 

— Lincolnshire Pseudo-scorpions: with an Account of the Association 
of such Animals with other Anthropods. ‘The Naturalist for 190i,’ 
193-215. 1901. 

—— On the Pairing of Limax maximus. ‘The Naturalist for 1901,’ 
241-254. 1901. f 

Larrer, Oswaup H. Cuckoos’ Eggs. ‘South-Eastern Naturalist for 
1901,’ 31-35. 1901. 

Lnacu, Enwarp F. Some Notes on Badgers. ‘Journal Northants. 
N. H. Soe.’ xr. 107-111. 1901. 

Lesour, Miss M. V. Marine Mollusca of Sandsend, Yorkshire. ‘ The 
Naturalist for 1902,’ 171-176. 1902. 

Lett, Canon W. H. The Occurrence of Natterer’s Bat and the 
Whiskered Bat in Co. Down. ‘ Proc. Belfast Nat. F.C.’ rv. 602-603. 
1901. 

Maserrecp, J. R. B. Report of the Zoological Section. ‘Trans. N. 
Staff. F. O.? xxxvr. 40-46. 1902. 

-—— The Land and Fresh-water Mollusca of Staffordshire. ‘Trans. N. 
Staff. F.C.’ xxxvi. 47-64. 1902. 

—— Rufous Variety (Perdix montana, Brisson) of the Common Partridge 
in Staffordshire. ‘Trans. N. Staff. F.C.’ xxxvr. 65-68. 1902. 

Maupson, B. F. Notes on Coleoptera. ‘Trans. E. Kent 8. N. H. Soe.’ 
eG.) TOI, : ; 


886 REPORT—1902, 


Meyrick, E. Report of the Entomological Section, ‘Report Marlb, 
Coll. N. H. Soe.’ No. 50, 45-74. 1902. 

Ornithological List. ‘Report Marlb. Coll. N. H. Soc.’ No. 50, 
82-85. 1902. 

Mortey, B. Notes on the Lepidoptera of Skelmanthorpe during 1901. 
‘The Naturalist for 1902,’ 141-144. 1902. 

Newron, Prof. On some Cranes’ Bones found in Norfolk. ‘ Trans. Norf. 
Norw. Nat. Soe.’ vir. 158-159. 1901. 

Norman, Commander F. M. Note on an alleged Embedded Toad from 
a Quarry at Coldstream. ‘History Berwicksh. Nat. Club,’ xvi. 250— 
251. 1901. 

Orway, A. Lorrus. Irish Red Deer. ‘Irish Naturalist,’ x. 101-104. 
1901. 

Paton, Cyrm. Notes on a few British Guiana Birds. ‘Yn Lioar 
Manninagh,’ m1. 561-564. 1901. 

Partrerson, A. Natural History Notes from Yarmouth, 1900-1901. 
‘Trans. Norf. Norw. Nat. Soc.’ vir. 177-184. 1901. 

Peacock, Max. Mammalia of Bottesford Parish and the Neighbour- 
hood. ‘The Naturalist for 1901,’ 165-172. 1901. 

Pirineney, L. Descriptive Catalogue of the Coleoptera of South Africa 
(Lucanide and Scarabeide). ‘Trans. §. African Phil. Soc.’ x11. 
563 pp. 1901. 

Picktes, Haronp. Stray Bird Notes. ‘ Halifax Naturalist,’ v1. 58-56, 
105-107. 1901. 

Porritt, Guo. T. Contribution towards the Entomology of Ambleside. 
‘The Naturalist for 1902,’ 8-4. 1902. 

Procer, T. W., and D. R. Parerson. Ornithological Notes for 1901, 
‘Trans. Cardiff Nat. Soc.’ xxx1m. 87-89. 1902. 

Ratre, P. G. Some further Notes on Manx Birds. ‘Yn Lioar 
Manninagh,’ 1. 544-551. 1901. 

Rorsuck, W. Denison. List of Yorkshire and Lincolnshire Birds, 
‘The Naturalist for 1902,’ 97-112. 1902. 

SaunpERS, SrpertT. Glimpses of Beauty in the Structure of Marine 
Organisms. ‘Trans. E. Kent S. N. H. Soe.’ 1. 28-25. 1901. 

— Report on Marine Zoology of Whitstable Bay for the Year 1901, 
‘Trans. E. Kent §. N. H. Soc.’ 1. 45-46. 1901. 

SHEPPARD, THomAs. Yorkshire Naturalists at Brough. ‘ The Naturalist 
for 1901,’ 219-229. 1901. 

— Notes on the Skeleton of Sibbald’s Rorqual in the Hull Museum. 
‘The Naturalist for 1901,’ 233-240. 1901. 

Suater, Henry H. The Birds of Northamptonshire and Neighbourhood. 
‘ Journal Northants. N. H. Soe.’ x1. 57-68. 1901. 

Smaty, F. A. Notes on Lepidoptera for 1901. ‘Trans. E. Kent 8. N. 
H. Soe.’ 1. 48. 1901. : 

Smrro, Arraur. Lincolnshire Spiders. ‘The Naturalist for 1901,’ 
269-287. 1901. 

Sorsy, Dr. H. C. On the Variations in Numbers and Habitat of 
Marine Animals on the Coast of Essex during the last Ten or Twelve 
Years. ‘ Hssex Naturalist,’ x11. 17-23. 1901. 

SouTHWELL, THomas. On the Breeding of the Crane in East Anglia. » 
‘Trans. Norf. Norw. Nat. Soc.’ vir. 160-170. 1901. 

— Some Additions to the Norwich Castle Museum in 1900. ‘ Trans. 
Norf. Norw. Nat. Soc.’ vit. 171-174. 1901. ; 


~ 


CORRESPONDING SOCIETIES. 887 


SrarmnrortH, T., and H. E. Jonnson. Second List of Coleoptera occur- 
ring near Hull. ‘Trans. Hull Sci. F. N. C.’ 1. 289-248. 1901. 

SraweL-Stoyven, A. Note on the Appearance of a Foreign Beetle 
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Arch. Soe.’ tv. 5-14. 1901. 

—— Our British Song-Birds. ‘Trans. Burt. N. H. Arch. Soe.’ rv. 65- 
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Taytor, W. The Whales and Dolphins of the Moray Firth. ‘Trans. 
Inverness Sci. Soc.’ v. 286-241. 1902. 
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Manninagh,’ 111. 621-624. 1902. 

Tuox, W.H. Aculeate Hymenoptera at Tostock, near Bury St. Edmunds. 
‘Trans. Norf. Norw. Nat. Soc.’ vit. 156-157. 1901. 

Waxtacr, THomas D. The Wild Boar in Britain. ‘Trans. Inverness 
Sci. Soc.’ v. 296-805. 1902. 

Warraxer, Artuur. Larve of Sphinx convolwuli in Yorkshire. ‘ The 
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Wave, Witt1am. Birds of the Riverside. ‘Trans. Perths. Soc. Nat. 
Sei.’ m1. 110-116. 1901. 
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Betuamy, C. H. En Route to the Passion Play. ‘ Journal Manch. Geog. 
Soc.’ xvir, 25-28. 1901. 

Brice, ARTHUR Monteriore. The Great Siberian Railroad. ‘ Journal 
Manch. Geog. Soe.’ xvit. 87-45. 1901. 
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Catalogue of the Maps of the County, 1579-1900. Part I. 1579- 
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Grppes, Prof. Parrick. Geography at the Paris Exhibition. ‘ Journal 
Manch. Geog. Soe.’ xvit. 69-71. 1901. 
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Soe.’ xvit. 124-182. 1901. 
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Lemaire, Capt. Coartes. The Sources of the Congo. ‘Trans. Liver- 
pool Geog. Soc.’ x. 23-29. 1902. 
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Newsy, Joun R. Iceland and the Icelanders. ‘Journal Manch. Geog. 
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Ireland,’ x1. 56-63. 1901. 
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Eng.’ xxi, 806-312. 1901. y 
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Glasgow Phil. Soc.’ xxxir. 192-204. 1901. 
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Broom, Ropert (Mining Inst. Scot.). Unwatering and Fitting a 
Lanarkshire Colliery with Modern Appliances. ‘Trans. Inst. Min, 
Eng.’ xxu. 159-166. 1901. 
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Eng.’ xxtt. 453-459. 1902. 

CuarkE, R. W. (Mid. Inst. Eng.). Coal-mining in India. ‘Trans. Inst. 
Min. Eng.’ xxir. 184-192. 1902. 
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Min, Eng.’ xxi. 22-24, 1901, 
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Inst. Min. Eng.’ xx. 130-185. 1901. 
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some Electric Accidents and the Means of Preventing them. ‘Trans. 
Inst. Min. Eng.’ xxr. 186-150. 1901. 

Dickinson, JoserH. Prevention of Accidents by Falls of Roof and Sides 
in Coal-mines. ‘Trans. Manch. Geol. Soe.’ xxvu. 138-142. 1901. 

Drew, WatteR Newton (Midland Inst. Eng.), An Instrument for 
the Automatic Record of Winding Operations. ‘Trans. Inst. Min. 
Eng.’ xxm, 42-44. 1901. 

EissteR, M. The Production of Copper and its Sources of Supply. 
‘Trans. Inst. Min. Eng.’ xx1, 815-352. 1901. 

Fuinn, Hugo. The Coal-fields and other Industrial Resources of Ire- 
land. ‘Trans, Liverpool HK. Soc.’ xxi1, 160-177, 1901. 
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Fowter, A. F. Dredging on the River Ribble. ‘Trans. Liverpool E. 
Soe.’ xx. 11-20. . 1901. 

Fowter, G., and G. Carrinaton (Chesterf. Mid, Count. Inst.). Syste- 
matic Timbering at the Babbington Collieries. ‘Trans. Inst. Min. 
Eng.’ xxr. 124-128. 1901. 

GarrortH, W. E. (Mid. Count. Inst.). Experimental Gallery for~ 
testing Life-saving Apparatus. ‘Trans. Inst. Min. Eng.’ xxm. 169- 
Zee OO2: 

Guass, R. W. (N. Eng. Inst.). Endless-rope Haulage at Axwell Park 
Colliery. ‘Trans. Inst. Min. Eng.’ xxr. 167-172. 1901. 
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An Extension of the Equivalent-Orifice Theory. ‘ Trans. Inst. Min. 
Eng.’ xx1. 855-867. 1902. 
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Min. Eng.’ xxir. 484-492. 1902. 

Hancocs, H. Lieson. Mining and Treatment of Copper Ore at the 
Wallaroo and Moonta Mines, South Australia. ‘Trans. Inst. Min. 
Eng.’ xxr. 461-483. 1902. 

Horr, Auaric. Construction in Fortified Concrete. ‘Trans. Liverpool 
K. Soe.’ xx. 61-77. 1901. 
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Jones, J. A. The Development and Working of Minerals in the Pro- 
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Inst. Min. Eng.’ xx. 493-503. 1902. 

Kerr, W. Artour. The Electric Driving of Workshops. ‘ Trans. Liver- 
pool E. Soc.’ xxr. 81-50. 1901. 
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Min. Eng.’ xxi. 280-292. 1902. 

Louis, Prof. Henry (N. Eng. Inst.). Standardisation of Surveyors’ 
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Macuaren, J. Matcorm. The Charters Towers Gold-field, Queensland. 
‘Trans. Inst. Min. Eng.’ xx1. 879-401. 1902. 

McMovrtrin, Grorce E. J. Methods of Working the Thin Coal-seams 
of the Bristol and Somerset field. ‘Trans. Inst. Min. Eng.’ xx. 340— 
357. 1901. 

Meacuew, F. G. (S. Staff. Inst. Eng.). Timbering in Mines. ‘Trans. 
Inst. Min. Eng.’ xxr. 304-305. 1901. 

Morecans, THomas. Notes on the Lead Industry of the Mendip Hills. 
‘Trans. Inst. Min. Eng.’ xx. 478-494. 1902. 

O’Brien, H. E.,and B. Humpurey. Springs. ‘ Trans. Liverpool E. Soe.’ 
xxi1. 183-200. 1901. 

Pinxineton, Hersert (Chesterf. Mid. Count. Inst.). Blast Furnace 
Fuels. ‘Trans. Inst. Min, Eng.’ xxr. 155-166. 1901. 
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Re1p, ALEXANDER (Midland Inst. Eng.). Chinese Mines and Miners. 
‘Trans. Inst. Min. Eng.’ xxi. 26-37. 1902. 
Reumavux, E. Use of Waste-gases from Bye-product Coke-ovens in 
Explosion-motors. ‘Trans. Inst. Min. Eng.’ xxi. 402-405. 1902. 
Sort, Prof. Sipney H. Tramway Motors. ‘Trans. Liverpool E. Soc.’ 
xxi, 143-153. 1901. 

Swany, Hua P. (Mining Inst. Scot.). The Practical Results obtained 
on Changing the Motive Power of an Underground Pump from Steam 
to Electricity. ‘Trans. Inst. Min. Eng.’ xxi. 214-217. 1902. 

Tompson, G.R. The Connection of Underground and Surface Surveys. 
‘Trans. Inst. Min. Eng.’ xxi. 519-535. 1902. 

VeRscHoyiE, W. Dennam. Gold Dredging. ‘Trans. Inst. Min. Eng.’ 
xxi. 372-378. 1902. 

Von Sonze, F. A. Mining and Treatment of Diamond-bearing Ground. 
‘Trans. Liverpool E. Soe.’ xxi. 103-115. 1901. 

Wetton, Witt1am 8. (N. Eng. Inst.). Auriferous Gravels and Hydraulic 
Mining. ‘Trans. Inst. Min. Eng.’ xxu. 137-151. 1901. 

Witson, W. B., jun. (N. Eng. Inst.). Tapping Drowned Workings at 
Wheatley Hill Colliery. ‘Trans. Inst. Min. Eng.’ xxmt. 72-81. 1902. 

Winper, Ottver. The Design of Underframes and Bogies for Rolling 
Stock. ‘Trans. Liverpool E. Soc.’ xx. 206-223. 1901. 

Woop, W. 0. (N. Eng. Inst.). The Sussman Electric Miners’ Lamp. 
‘Trans. Inst. Min. Kng.’ xxi. 189-194. 1901. 


Section H.—ANTHROPOLOGY. 


Barns, Rev. Toomas. The Limes Britannicus. ‘Trans. N. Staffs. F. C.’ 
Xxxvi. 105-128. 1902. 

CamPBELL, Duncan. Highland Sheilings in the Olden Time. ‘Trans. 
Inverness Sci. Soe.’ v. 62-90. 1902. 

Contyrer, H.C. The Stone Monuments of Brittany. ‘Trans. Croydon 
M. N. H. C. 1900-1901,’ 22-29. 1901. 

Cretxin, Miss A.M. Report of the Anthropological Section (Folklore) 
[1900]. ‘Yn Lioar Manninagh,’ 11. 610-611. 1902. 

Cursiror, James. The Scottish Brochs, their Age and their Destruction. 
‘Trans. Inverness Sci. Soe.’ v. 225-226. 1902. 

Dixon, 8. B. On Paleolithic Flint Implements found at Knowle, near 
Savernake Forest. ‘Report Marlb. Coll. N. H. Soc.’ No. 50, 29-84. 
1902. 

Fraser, Rey. Donaup. The Zulu of Nyasaland: their Manners and 
Customs. ‘ Proc. Glasgow Phil. Soc.’ xxx. 60-75. 1901. 

GayTHORPE, Harper. Notes ona Socketed Bronze Celt. ‘Proc. Bath 
N. H. A. F. C.’ rx. 294-300. 1901. 

Gray, H. St. Gztorcr. Bronze Sword found on Pitney Moor, Somerset. 
‘Proc. Somersetsh. A. N. H. Soc.’ 230-233. 1902. 

GRESWELL, Rev. W. Ancient Dumnonia. ‘Proc. Somersetsh. A. N. H. 
Soc.’ xuvir. 175-188. 1902. 

Jounson, J.P. Paleolithic Implements from the Low-Level Drift of 
the Thames Valley. ‘Essex Naturalist,’ x11. 52-57. 1901. 

Kermope, P. M. C. Early Lamps and Candle-holders in the Isle of 
Man. ‘Yn Lioar Manninagh,’ 11. 570-574. 1901, 
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KermovE, P. M. C. Report of the Archeological Section [1900]. ‘Yn 
Lioar Manninagh,’ 111. 607-610. 1902. 

~—— Sculptured and Inscribed Stones recently found at Kirk Maughold. 
‘Yn Lioar Manninagh,’ 11. 629-688. 1902. 

Litrner, H. W. Notes on the Hand-printing Silk Works at Waltham 
Abbey and West Ham. ‘Essex Naturalist,’ x1r. 48-44. 1901. 

Lovett, Epwarp. Fish-hooks or Gorges of Wood from France (similar 
to those from Essex). ‘ Hssex Naturalist,’ xm. 28-31. 1901. 

MarrHews, J. Hopson. The Place-names of the Cardiff District. 
‘Trans. Cardiff Nat. Soc.’ xxxm1. 88-46. 1902. 

Meyrick, E. Anthropometrical Report. ‘Rep. Marlb. Coll. N. H. Soe.’ 
No. 50, 125-150. 1902. 

Moraan, Prof. C. Luoyp. Burwalls and Stokeleigh Camps. ‘ Prog. 
Somersetsh. A. N. H. Soc.’ xnvu. 217-229. 1902. 

Muxnqueen, Mr. Round Towers and Brochs. ‘ Trans. Inverness Sci. 
Soe.’ v. 242-245. 1902. 

NORTHAMPTONSHIRE Naturat History Socrery. Report on Prehistoric 
Remains. ‘Journal Northants. N. H. Soe.’ xr. 3-9, 1901. 

Parrerson, W. H. Some Account of the Objects comprised in Lord 
Deramore’s Recent Donation [to the Society’s Museum]. ‘ Proc. 
Belfast Nat. Hist. Phil. Soc. 1900-1901,’ 43-48. 1901. 

Ratcuirre, J. L. On Plato’s Communistic Theory. ‘ Proc. Liverpool 
Lit. Phil. Soc.’ nv. 115-132. 1901. 

Rosarts, N. F. Stone and Bronze Celts Recently Discovered in Croydon 
and Neighbourhood. ‘Trans. Croydon M. N. H. ©. 1900-1901,’ 
51-56. 1901. 

Ross, Dr. ALEXANDER. Brochs: What are they? ‘Trans. Inverness 
Sci. Soc.’ v. 825-337. 1902. 

Ross, Dr. Jonn. The Chinese People and their Religions. ‘ Proc. 
Glasgow Phil. Soe.’ xxxir. 48-59. 1901. 

Rotu, H. Linc. Banktield Museum Notes. II.—The Burmese Collec- 
tion. ‘ Halifax Naturalist,’ vi. 29-88, 61-64. 1901; III.—An 
Hawaian Leglet. ‘ Halifax Naturalist,’ vr. 83-86. 1901. 

Swinerton, Freperick. Neolithic ‘ Fire-holes’ or Outside Cooking 
Places. ‘Yn Lioar Manninagh,’ mr. 570. 1901. 

—— Finds in Rushen’s Pre-historic Remains. ‘Yn Lioar Manninagh,’ 
111. 635-646. 1902. 

Toms, H. 8. The Pottery of Pre-historic and Roman Britain. ‘Rep. 
Brighton N. H. Phil. Soc. 1900-1901,’ 22-33. 1901. 

VinycoMB, JoHN. Symbolic Ideas of the Ancients concerning Trees and 
Plants. ‘ Proc. Belfast Nat. F. C.’ rv. 591-596. 1901. 

Wattace, Toomas D. The Men of the Ice Age. ‘Trans. Inverness Sci. 
Soc.’ v. 135-136. 1902. 

—— The Mound Builders of America. (Retiring Address, 1896.) ‘Trans. 
Inverness Sci. Soc.’ v. 136-138. 1902. 

Pre-Glacial Man. ‘ Trans. Inverness Sci. Soc.’ v. 815-325. 1902. 

Woop, G. W. Lhuyd’s ‘Archwologia’ and the Manx Language. ‘Yu 
Lioar Manninagh,’ 111. 565-569. 1901. ae 
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Gaur, Prof. Hucs. Some Points in the Analysis of Meat Extracts and 
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Glasgow Phil. Soc.’ xxx1r. 19-80. 1901. 

Green, R. F. The Problem of Consciousness. ‘Proc. Liverpool Lit. 
Phil. Soc.’ ty. 188-155. 1901. 

Levick, Jonn. The Role of Mosquitos in the Spread of Malaria. ‘ Proc. 
Birm. N. H. Phil. Soe.’ x1. 69-63. 1902. 

Lona, Sypney H. The Mosquito-Malaria Theory. ‘Trans. Norf. Norw. 
Nat. Soc.’ vir. 188-204. 1901. 

Ransom, Dr. W.B. The Vis medicatrix nature. (Presidential Address.) 
‘Trans. Nott. Nat. Soc. 1900-1901,’ 19-38. 1901. 


Section K.—BoTany. 


Bennett, AntHUR. Peucedanwm palustre in Lake Lancashire. ‘ The 
Naturalist for 1901,’ 267-268. 1901. 

BtoomFieLD, Rev. BE. N. A List of Suffolk Mosses. ‘Trans. Norf. 
Norw. Nat. Soc.’ vit. 227-242. 1901. 

Brett, Cyriz. List of late Flowering Plants at Alton. ‘Trans. N. 
Staff. F. C.’ xxxvi. 78-74. 1902. 

Burret, W. H. On the Occurrence of Aicidiwm clatinwm in Norfolk. 
‘Trans. Norf. Norw. Nat. Soc.’ vir. 255-259. 1901. 

Burton-on-TRENT Naturat History anp ARCHHOLOGICAL Socrmry 
(Botanical Section). The Flora of Burton-on-Trent and Neighbour- 
hood. Part IV. Conclusion of the Dicotyledons, the Monocotyle- 
dons, Cryptogamia, and Characee. ‘Trans. Burt. N. H. Arch. Soe,’ 
Iv. 117-148. 1901. 

CARADOC AND SEVERN VALLEY Freup Crus. Botanical Notes, 1901. 
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Tree-destroying Fungi. ‘ Halifax Naturalist,’ vr. 108-109. 1901. 
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Fungus Foray at Cadeby, Melton, Sprotborough, and Warmsworth. 
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Crump, W. B. The Flora of the Parish of Halifax. ‘ Halifax 
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Daviss, Jonn H. The Botany of the Shores of Lough Neagh. ‘Proc. 
Belfast Nat. Hist. Phil. Soc. 1900-1901,’ 35-40. 1901. 

Dixon, H. N. Phenological Observations, 1898, 1899, 1900. ‘Journal 
Northants. N. H. Soe.’ xz. 112-116. 1901. 

— Botanical Notes. ‘Journal Northants. N. H. Soc.’ x1. 117. 1901. 

—— A Preliminary List of Norfolk Mosses. ‘Trans. Norf. Norw. Nat. 
Soc.’ 212-226. 1901. 
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Lees, F. Arnoup. Some Flower Features of the Southern Ainsty. 
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Cod, the structure of scales in the, Dr. 
H, W. M. Tims on, 660. 

CoFFEY (G.) on the Kesh caves, cu. Sligo, 
247. 

—— on the occurrence in Ireland of 
objects of Hallstatt types, 760 

CoLE (Prof. G, A. J.) on the Kesh caves, 
co. Sligo, 247. 

the geology of the country in the 
neighbourhood of Belfast, 596. 

—— on the structure of Ireland, 609. 

COLLET (Miss C. E.) on the economic 
effect of legislation regulating women’s 
labour, 286. 

Colloids of zirconium, compared with 
those of other metals of the fourth 
group, by Dr. J. H. Gladstone and W. 
Hibbert, 585. 

Colour vision, the physical aspects of a 
theory of, by Dr. F. W. Edridge-Green, 
549. 

Conditions of health essential to the 
carrying on of the work of instruction 
in schools, report on, 483. 

*Conservation of weight in chemical 
reactions, the accurate, Lord Rayleigh 
on the question as to, 511. 

Consumption in Ireland, the increase of, 
by R. Brown, 709. 

*Continuous motion produced by vibra- 
ions, Prof. W. B. Morton and A. M. 
Kinsky on, 511. 

CooxkE (H. L.) and Dr. H. T. BARNES 
on the variation of the specific heat of 
mercury with temperature, 530. 

CoomAraswAmy (A. K.) on the scenery 
of Ceylon, 613. 

COPELAND (Prof.) on meteorological obs 
servations on Ben Nevis, 93, 
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Copepod sub-family Aetidiine, Dr. R. N. 
Wolfenden on the, 263. 

“Copper, on the corrosion of, by sea- 
water, and on the detection of traces 
of impurity in the commercial metal, 
by Prof. EH. A. Letts, 576. 

Coral reefs of the Indian region, third 
report on the, 284. 

Coral rock, the breaking-up of, by orga- 
risms in the tropics, by J. 8. Gardiner, 
654. 

Cork river-valleys, J. Porter on some 
features of the, 684. 

*Cornelius Magrath, the Irish giant, 
Prof. D. J. Cunningham on, 753. 

CORNISH (Dr. Vaughan) on terrestrial 
surface-naves and wave-like surfaces, 
285. 

—— on regular undulations produced in 
a road by the use of sledges, 730. 

Corresponding Societies Committee : 

Report, 851. 

Conference at Belfast, 856. 

List of Corresponding Societies, 874. 

Papers published by Corresponding 
Societies, 877. 

CoRTIE (Rey. A. L.), minimum sunspots 
and terrestrial magnetism, 522. 

Cosmical Physics and Astronomy, Address 
by Prof. A. Schuster to the Department 
of, 512. 

*Craniometry, radial, a method of, Dr. 
C. 8S. Myers on, 760. 

CREAK (Capt. E. W.) on comparing 
and reducing magnetic observations, 
58. 

— on magnetic observations at Fal- 
mouth, T5. 

Crick (G. C.) on life-zones in the British 
carboniferous rocks, 210. 

Critical velocity of water, the variation 
of, with temperature, further experi- 
ments by the thermal method on, by 
Dr. H. T. Barnes, 512. 

CROMPTON (Col. R. E.) on the resistance 
of road vehicles to traction, 314. 

on the B.A. screm gauge, 350. 

Crook (C. V.) on the collection of photo- 
graphs of geological interest, 229. 

CROSSLEY (Dr. A. W.) on hydro-aromatic 
compounds with single nucleus, 120. 

Cumberland coalfield, the fossil flora of 
the, by E. A. N. Arber, 611. 

CUNNINGHAM (Lt.-Col. Allan) on plu- 
perfect numbers, 528. 

CUNNINGHAM (Prof. D. J.) on the Kesh 
caves, co. Sligo, 247. 

—— on anthropometric investigations 
among the native troops of the Egyptian 
army, 350. 

-—— on a pigmentation survey of the 
school children of Scotland, 352. 

*___, Cornelius Magrath, the Trish 
giant, 753, 
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CUNNINGHAM (Rev. W.), the localisa- 
tion of industry, 695. 

CUNNINGTON (W. and Dr. W. A.) on a 
recent find of palzolithic flint imple- 
ments at Knowle, Wiltshire, 759. 

Curves of molecular vibrations of quinone, 
p-nitroso-phenol and similarly derived 
substances, report on the, 107. 

*Cuttlefishes collected by Prof. Herd- 
man, W. E. Hoyle on the, 644. 

Cyanophycee, the investigation of the, 
report on, 473. 

* the nucleus of the, by H. Wager, 
816. 


*Darnel seed-fungus, the, by EH. M. 
Freeman, 819. 

DARWIN (Francis) on the coral reefs of 
the Indian region, 284. 

on botanical photographs, 471. 

on the respiration of plants, 472. 

DARWIN (Prof. G. H.) on seismological 
investigation, 59. 

DARWIN (H.) on seismological investiga- 
tion, 59. 

on relative movements of the strata 
at the Ridgeway fault, 75. 

DARWIN (Maj. L.) on seismological inves- 
tigation, 59. 

Davis (J. H.), Weisia rostellata, Lindb., 
in Ireland, 819. 

DAWKINS (Prof. Boyd) on the age of stone 
circles, 455. 

Decimalisation of English money, the 
late J. Hamblin Smith’s rule for the, 
by J. D. H. Dickson, 529. 

Depopulation of Ireland, the: its causes 
and economic results, by J. H. Edgar, 
705. 

*Deposit of dew on the lenses of a pro- 
jecting lantern, the prevention of a, 
Prof, A. Schuster on, 511. 

DE RANCH (C. E.) on the erratic blocks 
of the British Isles, 252. 

*Determinants, a theorem in, by A. A. 
Robb, 530. 

DEWAR (Prof. J.), Presidential Address, 
3 


on wave-length tables of the spectra 
of the elements and compounds, 137. 

Diamonds, fluorescent and phospho- 
rescent, Dr. J. H. Gladstone on, 586. 

*Dick (F. J.), water power in Ireland, 
733. 

Dickson (J. D. H.), the late J. Hamblin 
Smith’s rule for the decimalisation of 
English money, 529. 

Differential equations, the partial, of 
mathematical physics, E. T. Whit- 
taker on, 523. 

DINES (W. H.) on the investigation of 
the upper atmosphere by means of kites, 
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Diospyros, sex in the Ceylon species of, 
by H. Wright, 819. 

Discharge curve of a condenser, a gra- 
phical method of determining the, 
through a variable self-induction, by 
Dr. E. W. Marchant, 548. 

Discriminant of a family of curves or 
surfaces, the, by Prof. Bromwich and 
R. W. H. T. Hudson, 526. 

Discussions : 

*On the nebula surrounding Nova 
Persei, 521. 

*On the interpretation of variation 
phenomena by the theory of natural 
selection, 650. 

*On mimicry and natural selection, 
661. 

*On the training of engineers, 847. 

*On the training of teachers, 847. 

*On the teaching of English, $47. 

*On the teaching of mathematics, 848. 

*Diuretic action of pituitary extracts, 
Prof, E. A. Schafer on the, 780. 

Divers (Prof. E.), Address to the Sec- 
tion of Chemistry by, 557. 

Dixon (Prof. A. C.) on map-colouring, 
525. 

——— on the Newtonian potential, 526. 

*Dixon (Prof. A. F.) on a skull modified 
by acromegaly, 753. 

Drxon (Dr.H. H.), resistance of seeds to 
high temperatures, 805. 

DopBik (Prof. J. J.) ow the relation 
between the absorption spectra and 
chemical constitution of organic sub- 
stances, 99; on the absorption spectra 
of phloroglucinol and some of its deri- 
vatives, 99. 

*Dogs, recent intercrossing experiments 
with, by Prof. J. C. Ewart, 649. 

Dorsiventrality of the podostemacezx, 
the, with reference to current views on 
evolution, J. C. Willis on, 806. 

*Drift map of the Dublin area, the, by 
J. J. H. Teall, 602. 

DunsTAN (Prof. W. R.) on the teach- 
ing of soience in elementary sohools, 
481. 

DWERRYHOUSE (A. R.) on the movements 
of underground waters of North-west 
Yorkshire, 224. 

—— on the erratic blocks of the British 
Tsles, 252. 

*Dynamo, H. A. Mavor on the making of 
a, 736. 

*Dynamo construction, the specific utili- 
sation of materials in, Prof. 8S. P. 
‘Thompson on, 735. 


Earth, the figure of the, Major S. G. 
Burrard on, 541. 

Earthquakes, world-shaking, in relation 
to volcanic eruptions in the West 
Indies, by J. Milne, 682. 
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Economic history, the influence of, on 
economic theory, by A. B. Clark, 695. 
Economic Science and Statistics, Ad- 
dress by Dr. E. Cannan to the Section 

of, 688. 

Economic theory, the influence of eco- 
nomie history on, by A. B. Clark, 695, 

Economics and the applied sciences, the 
position of, in a proposed university 
training of persons intended for a com~ 
mercial life, by Dr. W. R. Scott, 696. 

Ep@ar (J. H.), the depopulation of Ire- 
land: its causes and economic results, 
705. 

EDGEWORTH (Prof. F. Y.) on the eco- 
nomic effect of legislation regulating 
women’s labour, 286. 

*Edinger's apparatus for higher magnifi- 
cations and stronger light, demonstra- 
tion of, by Prof. J. Symington and Dr. 
Cecil Shaw, 784. 

EDRIDGE-GREEN (Dr. F. W.), the physi- 
cal aspects of a theory of colour vision, 
549. 

*____ the functions of the rods and cones 
of the retina, 780. 

*Education, intermediate, in Ireland, 
R. M. Jones on, 846. 

, ——, Rev. Father Murphy on, 846. 

st , Irish, recent reforms in, Dr. W. 
J. M. Starkie on, 844. 

Educational Science, Address by Prof. 
H. E. Armstrong to the Section of, 
820. 

Epwarps (Major W. E.), Capt. C. H. 
LIVEING, and Prof. W. R. HODGKIN- 
son, the reduction of some metallic 
chlorides by calcium carbide, 585. 

Eaqar (W. D.) on the teaching of ele- 
mentary mathematics, 473; suggested 
schedule of experimental geometry, 478. 

Egyptian army, anthropometric investi- 
gations among the native trovps of the 
interim report on, 350. 

Electric’ response of ordinary plants 
under mechanical stimulus, by Prof. 
J. ©. Bose, 802. 

Electrical conductivity of certain alumi- 
nium alloys as affected by exposure to 
London atmosphere, Prof. KE. Wilson 
on the, 734. 

Electrical instruments, M. B. Field on 
some, 734. 

Electrical measurements, experiments for 
improving the construction of practical 
standards for, report on, 53. 

Elema, the religious ideas, totems, spirits, 
and gods of, by Rev. J. H. Holmes, 
752. 

Elementary mathematics, the teaching of, 
report un, 473. 

, ——, A. W. Siddons on, 848. 

*Ellipse, a practical rule for finding the 
perimeter of an, by T. Muir, 529, 
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ELLIS (W.) on comparing and redueing 
magnetic observations, 58. 


ELPHINSTONE (G. K. B.) on the B.A. | 


serem gauge, 350. 

ELwortuy (F. T.) on perforated stone 
amulets, 767. 

*Embryonic cell, the significance of the, 
Prof. C. 8. Minot on, €58. 

Engineering, Address by Prof. J. Perry 
to the Section of, 711. 

*Engineering work, the importance of 
minor details in, by M. H. Smith, 735. 

*Engineers, the training of, discussion 
on, 847. 

*English, the teaching of, discussion on, 
847. 

English grammar, the neglect of, by 
Prof. Minchin, 847. 

Entropy, the application of the method 
of, to radiant energy, Dr. J. Larmor on, 
546. 

Enzymes, the synthetical action of, by 
Dr. E. F. Armstrong, 579. 

Equations of state, H. H. F. Hyndman 
on, 535. 

*Hrica Tetraliz, exhibition of forms of, 
from Connemara, by Prof. I. Bayley 
Balfour, 799. 

Erratic blocks of the British Isles, report 
on the, 252. 

*KEskimo of Southampton Island, some 
measurements of, J. F. Tocher on, 762. 

*Ethnography of the Nagas, Dr. W. H. 
Furness on the, 770. 

Ethnological studies of the mainland 
Halkim@lem, a division of the Salish 
of British Columbia, by C, Hill-Tout, 
355. 

Ethnological survey of Canada, report on 
an, 353. 

*Kupomatus and Polygordius, early de- 
velopment of the head-kidney in, C. 
Shearer on, 661. 

EVANS (A. H.) on working out the details 
of the observations on the migrution of 
birds, 273. 

EVANS (A. J.) on the Roman fort at Gelly- 
gaer, 450. 

—— on the Silchester excavation, 453. 

—— on the age of stone circles, 455. 

——— on explorations at Knossos in Crete, 
466. 

EVANS (Sir J.) on anthropometric investi- 
gations among the native troops of the 
Lgyptian army, 350. 

on the age of stone circles, 455. 

on explorations at Knossos in Crete, 

466. 

on the work of the Corresponding 
Societies Committee, 851. 

Eve (H. W.) on the teaching of clemen- 
tary mathematics, 473. 

*Evenlode, the windings of the, Dr. A, J. 
Herbertson on, 683, 


REPORT——1902. 


EVERETT (Prof. J. D.) on practical eleo. 
trical standards, 53. 

*____ on the graphical representation of 
Ramsay and Young’s law for the com- 
parison of vapours at equal pressures, 
537. 

Ewart (Prof. J. Cossar) on investiga- 
tions in the laboratory of the Marine 
Biological Association of the West of 
Scotland at Millport, 272. 

* ___ recent intercrossing experiments 
with dogs, 649. 

EwIne (Prof. J. A.) on seismological 
investigation, 59. 

Expedition for ascertaining the best loca- 
tion of observatories, by P. Lowell, 
554, 


Factory and Workshops Acts, the ad- 
ministration of the, by local sanitary 
authorities, by Miss A. Harrison, 707. 

FAIRLEY (‘T.) on the movements of under- 
ground waters of North-west York- 
shire, 224, 

*FALLAIZE (KE. N.), suggestions for the 
classificaticn of the subject-matter of 
anthropology, 770. 

FarMER (Prof. J. B.) on the respiration 
of plants, 472. 

—- on the cywmophycce, 473. 

*Fatty seeds, the germination of, Prof, 
J. Rk. Green and H. Jackson on, 804. 
FawsitTt (Dr. C. E.), the decomposition 

of urea, 578. 

FEARNSIDES (W. G.) on some new fossils 
from Penmorfa, and their bearing on 
the Cambro-Ordovician succession near 
Tremadoc, 614. 

FENNELL (W. J.) on some Ulster souter- 
rains, 753. 

FIELD (M. B.), some electrical instru- 
ments, 734. 

Fieldfare (Turdus pelaris), the migrations- 
of the, W. Eagle Clarke on, 274. 

Fish fauna of the Pendleside limestones, 
a list of the, by B. D. Wellburn, 222. 
Fishes, the scales of, as an index of age, 

by J. 8. Thomson, 642. 

FITZPATRICK (Rev. T. C.) on practical 
electrical standards, 53. 

*Flashing lighthouse light, a new, with- 
out intervals of darkness, by J. R. 
Wigham, 735. 

FLEMING (Prof. J. A.) on practical elee- 
trical standards, 53. 

Flora of the north-east of Ireland, the 
composition of the, by R. Lloyd 
Praeger, 815, 

Flora of the Australian Alps, a census 
of the, James Stirling on, 799. 

Flow of fluids in plant stems, some 
inquiry into the physics of the, by 
Prof, R. J. Anderson, 817, 


INDEX, 


*Flower-like inseots from the Malay 
Peninsula, by Nelson Annandale, 649. 

FLoyer (BH. A.) on terrestrial surface- 
maves and wave-like surfaces, 285. 

Fuux (Prof. A. W.) on the economic effect 
of legislation regulating women’s labour’, 
286. 


Foliar periodicity in Ceylon, by Herbert 


Wright, 807. 

Foorp (Dr. A. H.) on life-zones in the 
British carboniferous rocks, 210. 

*ForbeEs (Prof. G.), experiences with the 
infantry range-finder in the South 
African war, 736, 

Forses (Dr. H. 0.) on working out the 
details of the observations on the 
migration of birds, 273. 

ForpD (Miss §. O.), on the morphology 
of the araucariez, 810. 


ForsyTH (Prof.) on the teaching of ele- | 


mentary mathematics, 473. 

Fossil fishes of the Lower Devonian 
roofing-slate of Gemiinden, Germany, 
Dr. R. H. Traquair on the, 610. 

Fossil flora of the Cumberland coalfield, 
E. A. N. Arber on the, 611. 

*Fossil ipa fruits from Belgium, by 
A. C. Seward and E. N. Arber, 808. 

‘Fossil’ water, the so-called, of sedi- 


mentary strata, as illustrated by the | 


sandstones of the Moray Firth basin, 
by Dr. W. Mackie, 608. 

Fossils, British, the registration of type 
specimens of, report on, 210. 

—— from the cretaceous strata in the 
Salt Range of India, Prof. H. G. Seeley 
on, 604. 

—— of the Silurian area of N. E. Ireland, 
R. Clark on the, 599. 

——- some new, from Penmorfa, and their 
bearing on the Cambro-Ordovician suc- 


cession near Tremadoc, W. G. Fearn- | 


sides on, 614. 

Foster (A. Le Neve) on the B.A. screw 
gauge, 350. 

Foster (Prof. G. C.) on practical elec- 
trical standards, 53. 

Fox (H.) on life-zones wm the British 
carboniferous rocks, 210. 

Fox (W. L.) on magnetic observations at 
Falmouth, 75. 

Free trade, the effects on Ireland of the 


adoption of, by the United Kingdom, | 


by B. Allen, 703. 

*FREEMAN (E. M.), the Darnel seed- 
fungus, 819. 

Fresh-water lakes of the British Isles, the 
survey of the, by T. N. Johnston, 680. 

*FURNESS (Dr. W. H.) on the ethno- 
grapby of the Nagas, 770. 


GALTON (F.) on the work of the Corre- 
spanding Societies Committee, 851, 
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GANONG (Dr. W. F.) on an ethnological 
survey of Canada, 353. 

GARDINER (J. Stanley), the breaking- 
up of coral rock by organisms in the 
tropics, 654. 

GARDINER (W.) on the cyanophycee, 
473. 

GARSON (Dr. J. G.) on the collection of 
anthropological photographs, 449. 

—— on the age of stone circles, 455. 

on the work of the Corresponding 
Societies Committee, 851. 

GARSTANG (W.) on investigations made 
at the Marine Biological Laboratory, 
Piymouth, 271. 

*___ the international investigation of 
the North Sea, 641. 

GARWoOD (Prof, E. J.) on life-zones 
the British carboniferous rocks, 210. 

on the collection of photographs 
geological interest, 229. 

*Gas-engine explosions, a note on, by 
Prof. J. Perry, 737. 

— a preliminary note on, by H. E. 
Wimperis, 736. 

Gas-engines, large, recent progress in, 
by H. A. Humphrey, 729. 

GEIKIE (Prof. J.) on the collection of 
photographs of geological interest, 229. 
Gellygaer, the Roman fort at, report on, 

450. 

GEMMILI (Dr. J. F.) on investigations in 
the laboratory of the Marine Biological, 
Association of the West of Scotland at 
Millport, 272. 

Geographical plant-groups in the Irish 
flora, by R. Lloyd Praeger, 683. 

Geography, Address by Col. Sir T. H, 
Holdich to the Section of, 662. 

Geography of Southern Persia, the, as 
attecting its history, Major P. M. Sykes 
on, 677. 

*Geological map of Victoria, the new, 
J. Stirling on, 603. 

Geological photographs, thirteenth report 
on the collection of, 229. 

Geology, Address by Lieut.-Gen. C, A. 
McMahon to the Section of, 589. 


in 


of 


| —— of the country in the neighbour- 


hood of Belfast, Prof. G. A. J. Cole on 
the, 596. 

Geometry, experimental, tro, suggested 
schedules of, by Mr. Eggar, 478; and 
Prof. Perry, 479. 

GiBBs (Prof. Wolcott) on wave-length 
tables of the spectra of the elements and 
compounds, 137. 

Gipson (Prof.) on the teaching of ele- 
mentary mathematics, 473. 

GirrorpD (J. W.), a lens for ultra-violet 
therapy, 537. 

*GILL (T. P.), the relation of technical 
instruction to industrial development 
in Ireland, 847, 
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GINsBURG (Dr. B. W.), shipping com- 
binations, 698. 

*Glacial drifts of the North-east of Ire- 
land, investigations into the, Madame 
Christen on, 604. 

GLADSTONE (G.) on the teaching of 
science in elementary schools, 481. 

GLADSTONE (Dr. J. H.) on the teaching 
of elementary mathematics, 473 

on the teaching of science in elemen- 
tary schools, 481. 

—— on fluorescent and phosphorescent 
diamonds, 586. 

and W. HIBBERT, colloids of zirco- 
nium, compared with those of other 
metals of the fourth group, 585. 

GLAZEBROOK (Dr. R. T.) on practical 
electrical standards, 53. 

— on seismological investigation, 59. 

on magnetic observations at Fal- 

mouth, 75. 

on the B.A. serew gauge, 350. 

Glencoe, the volcanic rocks of, and their 
relation to the granite of Ben Cruachan, 
H, Kynaston on, 602. 

Glucoside group, recent synthetical re- 
searches in the, by Dr. E. Ff. Armstrong, 
578. 

*Glycogen, the hydrolysis of, by Dr. 
W. A. Osborne and S. Zobel, 780. 

GODMAN (Dr. F. Du Cane) on the zoology 
of the Sandnich Islands, 284. 

GONNER (Prof. E. C. K.), the population 
of England and Wales during the 
eighteenth century, 706. 

GOODCHILD (J. G.) on the collection of 

photographs of geological interest, 229. 

GoopRicH (E.8.) on the structwre and 
development of the excretory apparatus 
of amphioxus, 260. 

Gooseberry, a disease of the, with notes 


on Botrytis and Sclerotiwn, by Miss | 


A. L. Smith, 816. 
GORHAM (J. Marshall) on the B.A. serew 
gauge, 350. 


*GorcH (Prof. F.), the indefatigability | 


of medullated nerve, 784. 

GRAHAM (Dr. W.) on the mental and 
moral characteristics of the people of 
Ulster, 762. 

GRAHAM (Prof. W.), trusts: from the 
point of'view of economical theory, 697. 

Graphical method of determining the 


discharge curve of a condenser through | 


a variable self-induction, a, by Dr. E. W. 
Marchant, 548. 

Gray (H. St. G.) on the excavations at 
Arbor Low, May-June 1902, 455. 

GRAY (J.) on a@ pigmentation survey of 
the school children of Scotland, 352. 

-—— measurements of the Indian Coro- 
nation contingent, 760. 

GRAY (W.) on the collection of photographs 
of geological interest, 229, 
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GREEN (Prof. J. R.), Address to the Sec- 
tion of Botany by, 785. 

% and H. JACKSON on the germina- 
tion of fatty seeds, 804. : 
GREEN (Rev. W.5.), the islet of Rockall, 

686. 
GREENHILL (Prof.) on the teaching of 
elementary mathematics, 473. 
*Greenland, with Lient. Peary in, by 
Prof. W. Libbey, 687. 


| GreGory (Prof. R. A.) on the teaching of 


elementary mathematics, 473. 
GRIFFITHS (E. H.) on practical electri- 
cal standards, 53. 
—— on the nature of alloys, 175. 


HADDON (Dr. A, C.) on a pigmentation 
survey of the sohool children of Scot- 
land, 352. 

on an ethnological survey of Canada, 
353, 

-_— Address to the Section of Anthro- 
pology by, 7388. 

HADLEY (Miss) on the economic effect of 
legislation regulating women’s labour 
in Canning Torn and the Isle of Dogs, 
305. 

Halkimélem, the mainland, a division of 
the Salish of British Columbia, ethno- 
logical studies of, by C. Hill- Tout, 355, 

HALLIBURTON (W. D.) on the miore- 
chemistry of cells, 470. 

—— Address to the Section of Physi- 
ology by, 771. 

—— and Dr. F. W. Mort, regeneration 
of nerves, 782. 

Hallstatt types, the occurrence in Ire- 
land of objects of, G. Coffey on, 760. 
HALSTEAD (R.) on the economic effect of 
legislation regulating women’s labour 

in Leicester and Northampton, 286. 

Hardanger Fjord, Norway, the valleys 
at the head of the, H. W. Monckton 
on, 612. 

HARDCASTLE (Miss Frances) on the 
theory of point-groups, 81. 

HARMER (F. W.) on the erratic blocks of 
the British Isles, 252. 

HARMER (Dr. 8. F.) on the coral reefs 
of the Indian region, 284. 

HARRISON (Miss A.), the administration 
of the Factory and Workshops Acts 
by local sanitary authorities, 707. 

HARRISON (Rev. S. N.) on the erratic 
blocks of the British Isles, 252. 

HARTLAND (E. 8.) on an ethnological 
survey of Canada, 353. 

on the collection of anthropological 
photographs, 449. 

—— the Lia Fail of Tara, and election 
of kings by augury, 766. 

—-— on two Japanese ‘ bokii-to,’ 767. 
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HARTLEY (Prof. W.N.) on the relation 
between the absorption spectra and 
chemical constitution of organic sub- 


stances, 99; on the absorption spectra of | 


phloroglucinol and some of its deriva- 
tives, 99. 


of the elements and compounds, 137. 

HARVIE-BROWN (J. A.) on working out 
the details of the observations on the 
migration of birds, 273. — 

Hawes (C. H.), the island of Sakhalin 
and its inhabitants, 684. 

*HAWTHORN (W.) and Prof. W. B. 
MoRTON, motion of a detached thread 
of liquid in a capillary tube, 511. 

HAWTHORNE (J.) on a fourth methyl- 
morphimethine, 582. 

*Head-kidney in Polygordius and Eupo- 
matus, C. Shearer on early develop- 
ment of the, 661. 

Heat, the unit of, on the definition of, 55. 
HELE-SHAW (Prof. H. 8.) on the resist- 
ance of road vehicles to traction, 314. 
*Helium and hydrogen, the positions of, 


in relation to the earth’s atmosphere, | 


by Prof. G. H. Bryan, 556. 

HELLER (W. M.), the introduction of 
practical instruction into Irish 
national schools, 845. 

Helmand Delta, the, and the great 
desert of Persia known as the Lut, 
Major P. M. Sykes on, 677. 

HENDERSON (Prof. G. G.) on statistics 
concerning the training of chemists 
employed in English chemieal indus- 
tries, 97. 

HeEnRict (Prof.) on the teaching of ele- 
mentary mathematics, 473. 


on wave-length tables of the spectra | 


Henry (Augustine) on the Lolos and | 


other tribes of Western China, 765. 


*HERBERTSON (Dr. A. J.) on the wind- | 


ings of the Evenlode, 683. 
HERDMAN (G. W.), a direct reducing 
levelling staff, 733. 


HERDMAN (Prof. W. A.) on the occupa- | 
tion of a table at the Zoological Station 


at Naples, 259. 
— on investigations in the laboratory 


of the Marine Biological Association | 


of the West of Scotland at Millport, 
272. 

— on the coral reefs of the Indian 
region, 284. 

*____ account of his recent expedition 
to the Indian Ocean, including work 


on the pearl oyster barks of the Gulf | 


of Manaar, 643. 

Hertzian oscillations, a new receiver for, 
by Prof. G. M. Minchin, 547. 

Hewitt (C. J.) on the B.A. screw gauge, 
350. 

Herycock (C. T.) on the nature of alloys, 
175, 
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HIBBERT (H.) and Prof, J. J. Sup- 
BOROUGH, compounds of trinitroben- 
zene with alkylated arylamines, 587, 

HIBBERT (Walter) and Dr. J. H. GLAD- 
STONE, colloids of zirconium, compared 
with those of other metals of the 
fourth group, 585. 

HIcKson (Prof. 8. J.) on the occupation 
of @ table at the Zoological Station at 
Naples, 259. 

on the coral reefs of the Indian 
reyion, 284. 

——on the zoology of the Sandwich 
Islands, 284. 

Highland border rock, the prolongation of 
the, into co. Tyrone, G. Barrow on, 610, 

HILu-Tour (C.) on an ethnological survey 
of Canada, 353; ethnological studies of 
the mainland Halkimé’lem, a division 
of the Salish of British Columbia, 355, 

HIND (Dr. Wheelton) on life-zones in the 
British carboniferous rocks, 210. 

HINDE (Dr. G. J.) on life-zones in the 
British carboniferous rocks, 210. 

*HINKS (A. R.), exhibition of celestial 
photographs from the Yerkes Observa- 
tory, 551. 

the uncertainty of our present know- 
ledge of the distance of the sun, 555. 

HODGKINSON (Prof. W. R.), Major W. E. 
EDWARDS, and Capt. C. H. LIVEING, 
the reduction of some metallic chlorides 
by calcium carbide, 585. 

HoGARTH (D. G.) on explorations at 
Knossos in Crete, 466. 

*HOLDEN (F'.), a new magnetic testing 
instrument, 734. 

Houpicu (Col. Sir T. H.), Address to 
the Section of Geography by, 662. 

HouMEs (Rev. J. H.), the initiation cere- 
monies of the natives of the Papuan 
Gulf, 752. 

---— the religious ideas, totems, spirits, 
and gods of Elema, 752. 

HoumEs (T. V.) on the work of the Cor- 
responding Societies Committee, 851. 
*HOLMES (W. H.) on the classification 
and arrangement of the exhibits in 

an anthropological museum, 770. 

Home work, history of the regulation of, 
1864-1901, by Miss B. L. Hutchins, 
706. 

HOPKINSON (J.) on the work of the Cor- 
responding Societies Committee, 851. 
HORNE (Dr. J.) on the erratic blocks of 

the British Isles, 252. 

Howes (Prof. G. B.) on the occupation 
of a table at the Zoological Station at 
Naples, 259. 

—— Address to the Section of Zoology 
by, 618. 

* the segmentation and early de- 
velopmental stages of the Australian 
native cat (Dasywrus), 649, 
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HOYLE (W. E,) on the compilation of 
an indew generum ct  specierwm 
animalium, 283. 

*___ on the cuttlefishes collected by 
Prof, Herdman, 644. 

Hupson (Prof.) on the teaching of ele- 
mentary mathematics, 473. 

Hupson (R, W. H. T.), matrix notation 
in the theory of screws, 528. 

—— and Prof. BROMWICH, the discrimi- 
nant of a family of curves or surfaces, 
526. 

Human cerebral cortex, some new fea- 
tures in the intimate structure of the, 
by J. Turner, 781. 

HUMPHREY (H. A.), recent progress in 
large gas-engines, 729. 

Hunt (A. R.), the evidence of the 
hydro-thermal metamorphism of the 
schists of South Devon, 613. 

HUNTER (C. F.) on an ethnological survey 
of Canada, 353. 

HUTCHINS (Miss B. L.) on the economic 
effect of legislation regulating momen’s 
labour in Birmingham, 296. 

—— history of the regulation of home 
work, 1864-1901, 706. 

Huygens’ construction, an improvement 
upon, Dr. G. J. Stoney on, 539. 

Hydro-aromatice compounds with single 
nucleus, by Dr. A. W. Crossley, 120. 

*Hydrogen and helium, the positions of, 
in relation to the earth’s atmosphere, 
by Prof. G. H. Bryan, 556. 

*Hydrolysis of glycogen, by Dr. W. A. 
Osborne and S. Zobel, 780. 

Hydrothermal metamorphism of the 
schists of South Devon, A. R. Hunt on 
the evidence of the, 613. 

Hyndman (H. H. F.) on equations of 
state, 535. 


Index generum et specierum animalium, 
report on the compilation of an, 283. 
Indian Coronation contingent, measure- 

ments of the, by J. Gray, 760. 


*Indian Ocean, Prof. W. A. Herdman on | 


his recent expedition to the, 643. 
—— on deposits dredged by Professor 
Herdman in the, by W. E. Hoyle, 614, 
——— the plankton of the, I. C. Thompson 
on, 643. 
Initiation ceremonies of the natives of 


the Papnan Gulf, Rev. J. H. Holmes | 


on the, 752. 

Insect fauna of some Irish caves, G. H. 
Carpenter on the, 657. 

Instability of prices in India before 1861, 
Prof, T. Morison on the, 704. 

*International investigation of the North 
Sea, W. Garstang on the, 641. 

—— certain objections to, by Dr. D. Noél 
Paton, 641, 
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Iodine-containing compounds, the colour 
of, by Miss Ida Smedley, 582, 

Ireland, preliminary list of the minerals 
occurring in, by H. J. Seymour, 598. 
—— the structure of, Prof. G. A. J. Cole 

on, 609. 

—— the bird fauna of, as affected by its 
geography, by R, J. Ussher, 658. 

the peat-bogs of, by Prof. T. John- 

son, 684. 

a sketch of the linen industry of, 
by Sir R, Lloyd Patterson, 701. 

—— the effects on, of the adoption of 
free trade by the United Kingdom, by 
B. Allen, 703. 

—— the depopulation of ; its causes and 
economic results, by J. H. Edgar, 705, 

—— the increase of consumption in, by 
Rk. Brown, 709, 

the rainfall of, by Dr. H. R. Mill, 
732, 

*___. water power in, by F. J. Dick, 733. 


*____ intermediate education in, by R. M. 
Jones, 846. 

*___., ___, by Rev. Father Murphy, 846. 

*____ the relation of technical instruc- 


tion to industrial development in, by 
T. P. Gill, 847. 

*___ the North-east of, investigations 
into the glacial drifts of, Madame 
Christen on, 694. 

» ——, the composition of the flora 
of, by R. Lloyd Praeger, 815. 

Irish caves, report on the exploration of : 
the Kesh caves, co. Sligo, 247. 

—— the insect fauna of some, G. H. 
Carpenter on, 657. 

*Trish education, recent reforms 
Dr. W. J. M. Starkie on, 844. 

Irish flora, geographical plant-groups in 
the, by R. Lloyd Praeger, 683. 

IRVINE (Dr. J. C.) and T, PuRDIE, the 
alkylation of sugars, 583. 

Isomeric naphthalene derivatives, report 
on, 176. 

*TIsomerisation, a new method of causing, 
by Prof. R. Meldola, 587. 

Isomorphous sulphonic. derivatives of 
benzene, third report on, 180. 


in, 


*JACKSON (H.) and Prof, J. R. GREEN on 
the germination of fatty seeds, 804. 
Japanese ‘ bokii-to,’ two, E. 8S. Hartland 

on, 767. 

Japp (Prof. F. R.) on the relation be- 
tween the absorption spectra and 
chemical constitution of organic sub- 
stances, 99. 

JOHNSON (Prof. T.), the peat-bogs of 
Ireland, 684. 

JOHNSTON (T, N.), the survey of the fresh- 
water lakes of the British Isles, 680. 


INDEX. 


Joxy (J.) on the viscous fusion of rock- | 
forming minerals, 602. 

JONES (Rev. E.) on the movements of 
underground waters of North-west 
Yorkshire, 224. 

*JONES (R. M.), intermediate education 
in Ireland, 846. 

Jordan Valley, the, by Prof. W. Libbey, 
680. 

JuDD (Prof. J. W.) on seismological in- 
vestigation, 59. 

on the coral reefs of the Indian 
region, 284. 

Jupiter, Uranus and Vesta, spectrograms 
of, by P. Lowell, 555. 


KELTIE (Dr. J. Scott) on terrestrial | 
surface-wares and wave-like surfaces, 


285. 


KELVIN (Lord) on practical electrical 
standards, 53. 

on comparing and reducing magnetic 
observations, 58. 

— on seismological investigation, 59. 

— on the B.A. screw gauge, 350. 

—— on an animal thermostat, 543. 
KENDALL (Prof. P. F.) on life-zones in 
the British carhoniferous rocks, 210. 
on the movements cf underground 

waters of North-west Yorkshire, 224. 

on the erratic blocks of the British 
Isles, 252. 

—— on the Brockrams of the Vale of 


Eden and the evidence they afford of | 


an inter-Permian movement of the 
Pennine faults, 604. 


Kerr (Prof, J. Graham) on the coral reefs 


of the Indian region, 284. 

—— the early development of muscles 
and motor nerves in JLepidosiren, 
655. 


Kesh caves, co. Sligo, report on the explo- | 


ration of the, 247. 
Khamiruins, near Bulawayo, Rhodesia, 
F. P. Mennell on the, 769. 
 KIpsTon (R.) on the registration of type 
specimens of British fossils, 210. 
—— on life-zonés in the British carbo- 
niferous rocks. 210. 


—— on the collection of photographs of | 


geological interest, 229. 

KIMMINS (Dr. C. W.) on the conditions of 
health essential to the carrying on of the 
nork of instruction in schools, 483. . 

——- the subjects to be taught as 
science in schools, and the order in 
which they should be taken, 844. 

*KINGSBURY (J. E.), the future of the 
telephone in the United Kingdom, 
734. 

*KINSKY (A. M.) and Prof. W. B. Mor- 
TON on continuous motion produced by 
vibrations, 511; 
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Knossos in Crete, report on explorations 
at, 466, 

Knorr (Prof. C. G.) on seismological 
investigation, 59. 

KNOWLES (W.J.) on objects of the 
plateau kind from the interglacial 
gravels of Ireland, 756. 

on stone axe factories near Cushen- 
dall, co. Antrim, 757. 

—— the manufacture of arrow- and 
spear-heads, 758. 

KNUBLEY (Rev. E. P.) on working out the 
details of the observations on the migra- 
tion of birds, 273. 

KYNASTON (H.) on the volcanic rocks of 
Glencoe, and their relation to the 
granite of Ben Cruachan, 602. 


LAMPLUGH (G. W.) on life-zones in the 
British carboniferous rocks, 210. 

on the Kesh caves, co. Sligo, 247. 

*Language, a universal, by Sir F. J. 
Bramwell, 847. 

LANKESTER (Prof. E. Ray) on the occupa- 
tion of a table at the Zoological Sta- 
tion at Naples, 259. 

— — oninvestigations made at the Marine 
Biological Laboratory, Plymouth, 271. 

on the micro-chemistry of cells, 470. 

Lapwing (Vanellus vulgaris), the migra- 
tions of the, W. Eagle Clarke on, 277. 

LARMOR (Dr. J.) on the teaching of ele- 
mentary mathematics, 473. 

—— on the application of the method of 
entropy to radiant energy, 546. 

on the relation of voltaic potential 
differences to temperature, 546. 

LAUDER (A.) on the relation between the 
absorption spectra and chemical con- 
stitution of organic substances, 99. 

on the absorption spectra of phloro- 
glucinol and some of its derivatives, 99. 

LAvRIE (Prof. M.) on investigations in 
the laboratory of the Marine Biological 
Association of the West of Scotland at 
Millport, 272. 

LAYARD (Miss N. F.) on a recent dis- 
covery of palzolithic implements in 
plateau gravels of Ipswich, 759. 

Lead, the action of distilled water upon,. 
by Prof. F. Clowes, 576. 

LEBOUR (Prof. G. A.) on life-zones in: 
the British carboniferous rocks, 210. 
Leiper (R. T.) on an accelous turbel- 
larian inhabiting the common heart 

urchin, 652, 

Lepidosiren, the early development of 
muscles and motor nerves in, by Prof.. 
J. Graham Kerr, 655. 

*LETTS (Prof. E. A.) on the corrosion of 
copper by sea-water, and on the de- 
tection of traces of impurity in the: 
commercial metal, 576, 
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*Lptts (Prof. E. A.) on determinations 
of atmospheric carbonic anhydride 
made on board the ‘ Discovery,’ 587. 

*____ and W. CALDWELL on experiments 
to ascertain the amount of carbonic 
anhydride absorbed from the sea- 
water by air, 576. 

*____andJ.8. ToTTON on the absorp- 
tion of ammonia from water by alge, 
587. 

Levelling staff, a direct reducing, by 
G. W. Herdman, 733. 

LEwis (A. L.) on the age of stone circles, 
455. 

Lia Fail of Tara, the, and election of 
kings by augury, E. 8. Hartland on, 
766. 

LIBBEY (Prof. W.), the Jordan valley, 
680. 

Petra, 681. 

“ with Lieut. Peary in Greenland, 
687. 


Life, the suspension of, at low tempera- | 


tures, by Dr. A. Macfadyen and 58. 
Rowland, 804, 

Life-zones in the British carboniferous 
rocks, report on, 210. 

Light, the resolution of, into undula- 
tions of flat wavelets, how to apply to 
the investigation of optical pheno- 
mena, by Dr. G. J. Stoney, 539. 


Linen industry of Ireland, a sketch of the, 


by Sir R. Lloyd Patterson, 701. 

ListER (J. J.) on the coral reefs of the 
Indian region, 284. 

LIVEING (Capt. C. H.), Major W. E. 
EpwaArps, and Prof. W. R. HoDGKIN- 
SON, the reduction of some metallic 
chlorides by calcium carbide, 585. 

Livpina (Prof. G. D.) on wave-length 
tables of the spectra of the elements and 
compounds, 137. 

Localisation of industry, Rev. W, Cun- 
ningham on the, 695. 

LocKYER (Sir J. N.) on wave-length tables 
of the spectra of the elements and com- 
pounds, 137. 


Lopge (Prof. A.) on the teaching of | 


elementary mathematics, 473. 


LopGE (Sir O. J.) on practical electrical 


standards, 53. 

on the teaching of elementary mathe- 
matics, 473. 

Lolos, the, and other tribes of Western 
China, Augustine Henry on, 765. 

LomAs (J.) on the erratic blocks of the 
British Isles, 252. 


-—- on deposits dredged by Prof. Herd- | 


man in the Indian Ocean, 644. 
Lomax (J.) on some new features in rela- 
tion to Lyginodendron oldhamium, 809. 


LoMAXx (James) on the occurrence of the | 


nodular concretions (coal balls) in the 
lower coal measures, 811, 
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Lonicera, the morphology of the flowers 
in certain species of, E. A. N. Arber on, 
816. 

Love (Prof.) on the teaching of elemen- 
tary mathematics, 473. 

Lovett (E.) on tallies, 767. 

LOWELL (P.), a standard scale for tele- 
scopic observations, 553. 

expedition for ascertaining the best 

location of observatories, 554. 

spectrograms of Jupiter, Uranus, 
and Vesta, 555. 

Luminosity and the kinetic theory, J. B. 
Burke on, 549. 

Luminous bacteria, J. E. Barnard and 
Prof. A. Macfadyen on, 801. 

Lunar surface, possible changes on the, 
by S. A. Saunder, 551. 

Lut, the great desert of Persia known as 
the, Major P. M. Sykes on, and on the 
Helmand Delta, 677. 

Lyginodendron oldhamium, some new 
features in relation to, J. Lomax on, 
809. 


MACALISTER (Prof. A.) on the coral reefs 
of the Indian region, 284. 

on anthropometric investigations 
among the native troops of the Egyptian 
army, 350. 

—--.on a pigmentation survey of the 
school children of Scotland, 352. 

on explorations at Knossos in Crete, 
466. 

MACALISTER (R. A. S.) on a prehistoric 
cemetery-cave in Palestine, 768. 

MAcALLUM (Prof. A B.) on the micre- 
chemistry of cells, 470. 

MAcBrIDE (Prof. E. W.), the develop- 
ment of the common sea-urchin 
(Zchinus esculentus), 647. 

MAcDONALD (Mrs. J. R.) on the economic 
effect of legislation regulating women's 
labour, 286. 

MACFADYEN (Prof. A.) and J. HE. BAR- 
NARD on luminous bacteria, 801. 

, and S. ROWLAND on the suspension 
of life at low temperatures, 804. 

McHenry (A.) on tite Kesh caves, co. 
Sligo, 247. 

McIntTosu (Prof. W. C.) on the eccupa- 
tion of a table at the Zoological Station 
at Naples, 259. 

—— on British fisheries’ investigations 
and the international scheme, 638. 

McKEnprIck (Prof. J. G.) on the work 
of the mammalian heart, 470. 

MACKENZIE (Prof. J. J.) ow the miero- 
chemistry of cells, 470. 

Macki& (Dr. Wm.), the conditions under 
which manganese dioxide has been 
deposited in sedimentary rocks, as 
illustrated by the Elgin sandstones, 
606. 


INDEX. 


MACKIE (Dr. Wm.) the so-called ‘ fossil’ 
water of sedimentary strata, as illus- 
trated by the sandstones of the Moray 
Firth basin, 608. 

MCLACHLAN (R.) on the compilation of 
an wdex generum et specierum anima- 
liwm, 283. 

McLAREN (Lord) on meteorological ob- 
servations on Ben Nevis, 93. 

MACLAREN (Norman) on trematodes and 
cestodes parasitic on fishes, 260. 

McManHon (Lieut.-Gen. C. A.), Address 
to the Section of Geology by, 589. 

MAcMAHON (Major) on the teaching of 
elementary mathematics, 473. 

MacRitcHiz (David), underground 
dwellings in the British Isles, 755. 


Magnetic detectors in space telegraphy, | 


by Prof. Ernest Wilson, 547. 


Magnetic observations, comparing and | 


reducing, report on, 58. 
opi ag observations at Falmouth, report 
on, 15. 
*Magnetic testing instrument, a new, by 
F. Holden, 734. 
MAGNUS (Sir P.) on the teaching of science 
in elementary schools, 481. 
_*Malay Peninsula, flower-like 


from the, by Nelson Annandale, 649. 
a” 


H. C. Robinson on, 650. 

-——- the wild and civilised races of the, 
Nelson Annandale and H.C. Robinson 
on, 766. 

Malays of Patani, human souls and 
ghosts among the, by Nelson Annan- 
dale, 752. ; 


MALLOCK (A.) on the resistance of road | 


vehicles to traction, 314. 

Mammalian heart, the work of the, report 
on, 470. 

Manganese dioxide, the conditions under 


which it has been deposited in sedi- | 


mentary rocks, as illustrated by the 
Elgin sandstones, by Dr. W. Mackie, 
606. 


Map-colouring, Prof. A. C. Dixcn on, 525. | 


MARCHANT (Dr. E. W.), a graphical 
method of determining the discharge 
curve of a condenser througha variable 
self-induction, 548. 

Marine Biological Association of the 
West of Scotland, investigations in the 


laboratory of the, at Millport, report | 


on, 272. 

Marine Biological Laboratory, Plymouth, 
report on the occupation of a table at 
the, 271. 

Marine fauna of the boulder clay, J. 
Wright on the, 598. 

*MARKHAM (Sir Clements) on Capt. 


Sverdrup’s north polar expedition, 687. | 


MARR (J. E.) on life-zones in the British 
carboniferous rocks, 210. 


insects | 


protective resemblance in the, | 
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MARR (J. E.) on the movements of under- 
ground waters of North-west Yorkshire, 
224, 

on the erratic blocks of the British 
Tsles, 252. 

*MASTERMAN (Dr. A. T.) the relation- . 
ships of the larva to the adult in the 
starfish, 647. 

*Mastodon angustidens, 
Andrews on the tusks 
599. 

Dr. C. W. Andrews on a diagram 
of the skull of the, 654. 

Mathematical and Physical Science, Ad- 
dress by Prof. J. Purser to the Section 
of, 499. 

*Mathematics, the teaching of, discussion 
on, 848. ; 

-, elementary, report on the teaching 
of, 4738. 

Pr eae 
on, 848. 

Matrix notation in the theory of screws, 
by R. W. H. T. Hudson, 528. 

MATTHAUSI (Miss G. L. C.), the effect of 
temperature on carbon dioxide assimi- 
lation, 805. 

MATTHEY (G.) on practical electrical 
standards, 53. 

*MAvor (H. A.), the making of a 
dynamo, 736. 

Mavor (Prof. J.) on ‘an 
survey of Canada, 353. 
*May (Dr. W. Page) on the innervation 
and movements of the stomach, 780. 
$ the nervous system of the camel, 

782. 

*“Medullated nerve, the indefatigability 
of, by Prof. F. Gotch, 784. 

MELDOLA (Prof. R.) on seismological 
investigation, 59. 

on the age of stone circles, 455. 

*____ a new method of causing isomeri- 
sation, 587. 

-—— on the mork of the Corresponding 
Societies Committee, 857. 

MENNELL (Ff. P.) on the Khami ruins, 
near Bulawayo, Rhodesia, 769. 

Mental and moral characteristics of the 
people of Ulster, Dr. W. Graham on 
the, 762. 

Mercury, the variation of the specific 
heat of, with temperature, Dr. H. T. 
Barnes and H. L. Cooke on, 530. 

Metallic chlorides, the reduction of some, 
by calcium carbide, by Major W. E. 
Edwards, Capt. C. H. Liveing, and 
Prof. W. R. Hodgkinson, 585. 

Meteorological observations on Ben Nevis, 
report on, 93. 

Meteorology, radiation in, by Dr. W. N. 
Shaw, 541. 

Methylmorphimethine, a fourth, J. Haw-- 
thorne on, 582, 


DriChaWw. 
and skull of, 


, the teaching of, A. W. Siddotis 


ethnological 
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Miadesmia membranacea (Bertrand), a 
lycopodiaceous plant from the coal 
measures, the seed-like fructification 
ot, by Miss M. Benson, 808. 

Mra (Prof. L. C.) on botanical photo- 
graphs, 471. 

on the conditions of health essential 
to the carrying on of the work of 
instruction in schools, 483. 

Micro-chemistry of cells, report on the, 
470. 

*Middle Cambrian trilobites, &c., of 
Mouut Stephen, British Columbia, Dr. 
H. Woodward on the, 598. 

Miers (Prof. H. A.) on isomorphous 
sulphonic derivatives of benzene, 180. 
Migration of birds, observations on the, 
1880-1887, fifth interim report on nork- 

ing out the detarls of, 273. 

Miu (Dr. H. R.) on the investigation of 

the wpper atmosphere by means of kites, 


—— the motives of Antarctic explora- 
tion, 685. 

——— the rainfall of Ireland, 732. 

MILNE (J.) on seismological investigation, 
59. 

world-shaking earthquakes in rela- 
tion to volcanic eruptions in the West 
Indies, 682. 

*Mimicry and natural selection, discus- 
sion on, 661. 


MINCHIN (Prof.) on the teaching of | 


elementary mathematics, 473. 

—— a new receiver for Hertzian oscilla- 
tions, 547. 

the neglect of English grammar, 
847. 

Minerals occurring in Ireland, preliminary 
list of the, by H. J. Seymour, 598. 

*Mrnot (Prof. C. 8.) on the significance 
of the embryonic cell, 658. 

MoncKTON (Horace W.) onthe valleys at 
the head of the Hardanger Fjord, 
Norway, 612. 

—— a summary of the principal changes 
in South-east England during Pliocene 
and more recent times, 616. 

Monkey, the relative effects of section 
of the pyramidal tracts and anterior 
columns in the, Prof. E. A. Schifer 
on, 780. 

Morgan (Dr. G. T.) on our present 
knowledge of aromatic diazo-compounds, 
181. 

Morison (Prof. T.), the instability of 
prices in India before 1861, 704. 

Morphology of sporangial integuments, 
W. C. Worsdell on the, 812. 

Morphology of the araucariez, Miss 8. O. 
Ford on the, 810. 

Morphology of the flowers in certain 
species of Zonicera, H. A. N. Arber on 
the, 816. 
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Morphology of the seed and seedling of 
Torreya, Prof. F. W. Oliver and Miss E. 
Chick on the, 814. 

MorRIson (Walter) on the movements of 
underground waters of North-west 

orkshire, 224. 

*MORTON (Prof. W. B.) and W. Haw- 
THORN, motion of a detached thread of 
liquid in a capillary tube, 511. 


* and A. M. KINSKy on continuous 
moticn produced by vibrations, 511. 
* and T. B. VINYCOMB on the vibra- 


tions of a plucked string, 511. 

*Motion of a detached thread of liquid 
in a capillary tube, by Prof. W. B. 
Morton and W. Hawthorn, 511. 

*Motion through the ether, does it cause 
double refraction ? by Lord Rayleigh, 
546. 

Morr (Dr. F. W.) and Prof. W. D. HALLI- 
BURTON, regeneration of nerves, 782. 

*Murr (T.) ona practical rule for finding 
the perimeter of an ellipse, 529. 

MUIRHEAD (Dr. A.) on practical electrical 
standards, 53. 

Municipal policy and State control, by 
P. Ashley, 700. 

Municipal trading, by Hon. R. P. Porter, 
699. 

Munro (Dr. R.) on the age of stone circles, 
455. 

*MURPHY (Rev. Father), intermediate 
education in Ireland, 846. 

Muvpgray (Sir John) on meteorological ob- 
servations on Ben Nevis, 93. 

on investigations in the laboratory 
of the Marine Biological Association of 
the West of Scotland at Millport, 272. 

Myers (Dr. C. 8.) on anthropometrie 
investigations among the native troops 
of the Eqyptian army, 350. 

—— dependence of pitch of minute 
closed pipes on wind pressure, 537. 
*___ 9n a method of radial craniometry, 

760. 

*____ determination of the least per- 
ceptible tone-difference among the 
people of the Torres Straits and of 
Scotland, 781. 

MyRres (J. L.) on the collection of anthro- 
pological photographs, 449. 

on the Roman fort at Gellygaer, 450. 

—— on the Silchester excavation, 453. 

on explorations at Knossos in Crete, 

456. 


*Nagas, the ethnography of the, Dr. W. H. 
Furness on, 770. 

NALDER (F.. H.), light aluminium tubes, 
551. 

Naples Zoological Station, report on the 
occupation of a table at the, 269. 


INDEX. 


Nature’s economics, by Miss H. Black- 
burn, 708. 

*Nebula surrounding Nova Persei, dis- 
cussion on the, 521, 

Nerves, regeneration of, by Prof. W. D. 
Halliburton and Dr. F. W. Mott, 782. 
*Nervous system of the camel, the, by 

Dr. W. Page May, 782. 


NEVILLE (I. H.) on the nature of alloys, | 


175. 

NEWTON (Prof, A.) on working out the 
detatls of the observations on the migra- 
tion of birds, 273. 

on the zoology of the Sandwich 
Islands, 284. 

Newtonian potential, Prof. A. C. Dixon 
on the, 526. 

Nodular concretions (coal balls) in the 
lower coal measures, James Lomax on 
the occurrence of the, 811. 

*North Sea, the international investiga- 
tion of the, by W. Garstang, 641. 

— -— certain objections to, by 
Dr. D. Noél Paton, 641. 

*Nova Persei, the nebula surrounding, 
discussion on, 521. 

*Nucleolus, the function of the, by H. 
Wager, 815, 


Observatories, the best location of, expe- 
dition for ascertaining, by P. Lowell, 
554. 

Ocean currents, material-bearing, the 
direction and velocity of, with de- 
scription of an apparatus recently 
designed for estimating the same, by 
R. G. Allanson-Winn, 737. 

OLDHAM (R. D.) on seismological investi- 
gation, 59. 

*OLIVER (Prof. F. W.) on ancient and 
modern seeds, 813. 

—— and Miss E. CuIck on the morpho- 
logy of the seed and seedling of 
Torreya, 814. 

Onuphididz (Polychzta), on the habits 
of the, and on the internal structures 
with which they fortify their homes, 
by A. T. Watson, 652. 

O'REILLY (P. J.) on a survival of certain 
pagan sepulchral symbols on early 
Christian monuments in Ireland, 769. 

*OSBORNE (Dr. W. A.), the pigments of 
ox bile, 784. 

*—__and §. ZoBEL, the hydrolysis of 
glycogen, 780. 

*Ox bile, the pigments of, by Dr. W. A. 
Osborne, 784. 


Pagan sepulchral symbols, the survival 
of, on early Christian monuments in 
Treland, P. J. O’Reilly on, 769. 

*Paleokastro in Eastern Crete, R. C. 
Bosanquet on excavations at, 770. 
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Paleolithic flint implements, a recent find 
of, at Knowle, Wiltshire, W. and Dr, 
W. A, Cunnington on, 759. 

Palwolithic implements in  plateay 
gravels of Ipswich, a recent discovery 
of, Miss N. F. Layard on, 759. 

Papuan Gulf, the initiation ceremonies 
of the natives of the, by Rev. J. H. 
Holmes, 752. 

*Paralysis of convergence, a case of, by 
Dr. Cyril Shaw, 781. 

Parietal bone in primates, the connection 
of the anterior inferior angle of the, 
by Prof. R. J. Anderson, 651. 

*PARSONS (Hon. C. A.), steam turbines, 
730. 

PATON (Dr. D. Noél), certain objections 
to the proposed scheme of interna: 
tional investigations of the North Sea, 
641, 

PATTERSON (J. Hume) on the cause of 
salmon disease, 647. 

PATTERSON (Sir R. Lloyd), a sketch of 
the linen industry of Ireland, 701. 

PEACH (B.N.) on life-zones in the British 
carboniferous rocks, 210. 

*Pearl oyster banks of the Gulf of 
Manaar, Prof, W. A. Herdman on hig 
work on the, 643. 

*Peary, Lieut., with, in Greenland, by 
Prof. W. Libbey, 687. 

Peat-bogs of Ireland, the, by Prof. T, 
Johnsou, 684. 

Pendleside limestones, a list of the fish 
Suna of the, by BE. D, Wellburn, 232. 
PENHALLOW (Prof. D. P.) on an ethna- 

logical survey of Canada, 353. 

Perforated stone amulets, F. T. Elworthy 
on, 767. 

*Perimeter of an ellipse, a practical rule 
for finding the, T. Muir on, 529. 

FERKIN (Prof. W. H.) ow statistics eon- 
cerning the training of chemists em- 
ployed in English chemical industries, 
97 


PERRY (Prof. J.) on practical electrical 
standards, 53. 

—-~ on seismological investigation, 59. 

on the teaching of elementary mathe- 
matics, 473; suggested schedule of ex- 
perimental geometry, 479. 

—— Address to the Section of Engi- 
neering by, 711. 

*___ a note on gas-engine explosions, 
737. 

Persia, Southern, the geography of, as 
affecting its history, Major P. M. 
Sykes on, 677. 

PBETAVEL (J. E.), some experiments on 
radiation and absorption: a prelimi- 
nary study fora standard of light, 534. 

Petavel’s recording gauge applied to 
ordnance and small arms, by Capt. J. 
Bruee-Kingsmill, 588. 
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Petra, by Prof. W. Libbey, 681. 

PerrRi£ (Prof. Flinders) on the collection 
of anthropological photographs, 449. 
Phloroglucinol and some of its deriva- 

tives, the absorption spectra of, by 
Profs. W..N. Hartley and J. J. 
Dobbie and A. Lauder, 99. 
Photographs of anthropological interest, 
interim report on the collection of, 449. 
Photographs of geological interest, thir- 
teenth report on the collection of, 229. 
Physical and Mathematical Science, Ad- 
dress by Prof. J. Purser to the Section 
of, 499. 
Physics of the flow of fluids in plant 


stems, some inquiry into the, by Prof, | 


R. J. Anderson, 817. 

Physiology, Address by Prof. W. D. 
Halliburton to the Section of, 771. 

Pigmentation survey of the school children 
of Scotland, report on a, 352. 

Pigmentation survey of school children 
in Ireland, a plea for a, by J. F. 
Tocher, 865. 

Pilot whale ( Globiocephalus melas), Prof. 
R. J. Anderson on a specimen of the, 
650. 

Pitch of minute closed pipes, dependence 
of, on wind pressure, by Dr. C. 8. 
Myers, 537. 

*Pituitary extracts, the diuretic action 
of, Prof. E. A. Schiifer on, 789. 

Plankton of the Indian Ocean, I. C. 
Thompson on the, 643. 

Plants, the respiration of, report on, 472. 

Plateau objects from the interglacial 
gravels of Ireland, W. J. Knowles on, 
756. 

PLUMMER (W.E. )on seismological investi- 
gation, 59. 

Pluperfect numbers, Lt.-Col. A. Cunning- 
ham on, 528. 

Plymouth, the marine biological labora- 
tory at, report on the occupation of a 
table at, 271. 

p-nitroso-phenol, quinone, and similarly 
derived substances, the curves of mole- 
cular vibrations of, report on, 107. 

Podostemacez, the dorsiventrality of the, 

- with reference to current views on 
evolution, J. C. Willis on, 806. 

Point-groups, the theory of, report on, 81. 

*Polygordius and Eupomatus, early de- 
velopment of the head-kidney in, 
C. Shearer on, 661. 

PoPE (W. J.) on isomorphous sulphonic 
derivatives of benzene, 180 

Population of England and Wales during 
the eighteenth century, the, by Prof. 
E. C. K. Gonner, 706. 

PORTER (J.) on some features of the 
Cork river-valleys, 684. 

PoRTER (Hon, R. P.), municipal trading, 
699, 
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Post-glacial deposits of the Belfast dis- 
trict, R. Lloyd Praeger on the, 611. 
*POULTON (Prof. E. B.) on the habits of 
the predaceous flies of the family of 

Asilidze, 647. 

PoyNnTING (Prof. J. H.) on seismological 
investigation, 59. 

Practical instruction, the introduction 
of, into Irish national schools, by 
W. M. Heller, 845. 

PRAEGER (R. Lloyd) on the Kesh caves, 
co. Sligo, 247, 

—— the post-glacial deposits of the 
Belfast district, 611, 

geographical plant-groups in the 

Trish flora, 683. 

the composition of the flora of the 
north-east of Ireland, 815. 

PREECE (Sir W. H.) on practical electrical 
standards, 53. 

—— on magnetic observations at Fal- 
mouth, 75. 

on the B.A. screw gauge, 350. 

Prehistoric cemetery-cave in Palestine, 
R. A. 8. Macalister on a, 768. 

Prehistoric remains, a plea for an Ord- 
nance map index of, by C, H. Read, 
870. 

PRICE (L. L.) on the economic effect of 
legislation regulating women’s labour, 
286. 

PRICE (W. A.) on the B.A. screw gauge, 
350. 

Primitive man, a study in the psychology 
of, by A, Amy Bulley, 764. 

Primitive site near Groomsport,co. Down, 
the excavation of a, R. M. Young on, 
759. 

*Protective resemblance in the Malay 
Peninsula, H. C. Robinson on, 650. 

Psychology of primitive man, a study in 
the, by A. Amy Bulley, 764. 

Pteridophyta, sporangiophores as a clue 
to affinities among, by Dr, D, H Scott, 
810, 

PuRDIE (T.) and Dr. J. C. IRVINE, the 
alkylation of sugars, 583. 

PuRSER (Prof. J.), Address to the Sec- 
tion of Mathematical and Physical 
Science, 499. 


Quinone, p-nitroso-phenol and similarly 
derived substances, the curves of mole- 
cular vibrations of, report on, 107. 


Radiation and absorption, some experi- 
ments on, by J. E. Petavel, 534. 

Radiation in meteorology, by Dr. W. N 
Shaw, 541. 

Rainfall of Ireland, the, by Dr. H. R. 
Mill, 732. 


INDEX, 


“Ramsay and Young’s law for the com- | 


parison of vapours at equal pressures, 
Prof. J. D. Everett on the graphical 
representation of, 537. 


*Range-finder, the infantry, experiences | 
with, in the South African war, by | 


Prof, G. Forbes, 736. 

RAYLEIGH (Lord) on practical electrical 
standards, 53. 

cn the question as to the accurate 

conservation of weight in chemical 

reactions, 511. 

does motion through the ether 
cause double refraction ? 546. 

*RAYWORTH (J. §.), the prevention of 
smoke, 736. 

READ (C. H.) on the collection of antiio- 
pological photographs, 449. 

—— on the age of stone circles, 455. 

~— on the work of the Corresponding 
Societies Committee, 851. 

—— a plea for an Ordnance map index 
of prehistoric remains, 870. 

REID (A. 8.) on the collection of photo- 
graphs of geological interest, 229. 

REID (Clement) on seismological investiga- 
tion, 59. 

Relative apparent motions of bright and 
faint stars, Prof. H. H. Turner on the, 
552. 

RENNIE (J.) on practical 
standards, 53. 

Resistance of road vehicles to traction, 
report on the, 314. 

Respiration of plants, report on the, 472. 

*Retina, the functions of the rods and 
cones of the, by Dr. F. W. Edridge- 
Green, 780. 

Ruys (Prof. J.) on the Roman fort at 
Gellygaer, 450. 

RICHARDSON (Nelson) on seismological 
investigation, 59. 

RIDGEWAY (Prof. W.) on explorations at 
Knossos in Crete, 466. 

Ridgeway fault, relative movenents of 
the strata at, H. Darwin on, 75. 

Riee (E.) on the B.A. screw gauge, 350. 


* 


* 


electrical 


' 


RIVERS (Dr. W. H. R.) on a pigmentation | 


survey of the school children of Scot- | 


land, 352. 

*ROBB (A. A.), a theorem in determi- 
nants, 530. 

“ROBERTS (Dr. Isaac), illustrations ob- 
tained by photography of the evolution 
of stellar systems, 541. 

ROBERTS-AUSTEN (Sir W.C.) on practical 
electrical standards, 53. 

* ROBINSON (H. C.) on protective resem- 
blance in the Malay Peninsula, 650. 
-———— and N. ANNANDALE on the wild 
and civilised races of the Malay Penin- 

sula, 766. 

Rock - forming minerals, 

fusion of, J. Joly on, 602. 


the viscous 


\ 


915 


Rockall, the islet of, by Rev. W. S. 
Green, 686. 

Roman fort at Gellygaer, report on the, 
450. 

Roscou (Sir H. E.) on wave-length tables 
of the spectra of the elements and com- 
pounds, 137. 

on the teaching of science in ele- 
mentary schools, 481. 

RotH (H. Ling) on the collection of 
anthropological photographs, 449. 

ROWLAND (8.) and Dr. A. MACFADYEN 
on the suspension of life at low tem- 
peratures, 804. 

Risckur (Sir A. W.) on practical electri- 
cal standards, 53. 

——— on comparing and reducing magnetic 
observations, 58. 

on magnetic observations at Fal- 

mouth, 75. 

on the teaching of elementary mathe- 
matics, 473. 

RUDLER (F. W.) on the work of the 
Corresponding Societies Committee, 
8651. 

RUSSELL (R.) on the teaching of elemen- 
tary mathematics, 473. 

RYDER (Capt. C. H. D.), Yiinnan, 678, 


Sakhalin, the island of, and its inhabi- 
tants, by C. H, Hawes, 684. 

Salmon: disease, the cause of, J. H. Pat- 
terson on, 647. 

SALOMONS (Sir D.) on the resistance of 
road vehicles to traction, 314. 

Samsu, a fermented drink of Eastern 
Asia, and its characteristic fungus, by 
B. T. B. Barker, 818. 

Sandwich Islands, the zoology of the, 
twelfth report on, 284. 

SAUNDER (8. A.), possible changes on 
the lunar surface, 551. 

Scales in the cod, the structure of the; 
Dr. H. W. M. Tims on, 660. 

Scales of fishes as an index of age, J. 8: 
Thomson on the, 642. 

ScHAFER (Prof. E. A.) on the micro- 
chemistry of cells, 470. 

* on the diuretic action of pituitary 
extracts, 780. 

—— on the relative effects of section of 
the pyramidal tracts and anterior 
columns in the monkey, 780. 

ScHARFF (Dr. R. F.) on the Kesh caves, 
co. Sligo, 247. 

on the Atlantis problem, 653. 

School children of Scotland, report on a 
pigmentation survey of the, 352. 

ScHUSTER (Prof. A.) on practical electri- 
cal standards, 53. 

——.- on comparing and reducing magnetic 
observations, 58. 
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SCHUSTER (Prof. A.) ux magnetic obser- 
vations at Falmouth, 75. 

on wave-length tables of the spectra 

of the elements and compounds, 137. 


* on the prevention of a deposit of | 


dew on the lenses of a projecting 
Jantern, 511. 


= — Address to the Department of | 


Astronomy and Cosmical Physics, 512. 


Science, the teaching of, in elementary | 


schools, report on, 481. 

*Science of the workshop, the, by W. 
Taylor, 735. 

ScLaTHR (Dr. P. L.) on the compilation 
af an indew generum et specierum 
animaliwn, 283. 

— on the zoology of the Sandwich 
Islands, 284. 

Scort (Dr. D. H.), sporangiophores as a 


clue to affinities among pteridophyta, | 


810. 

Scorr (Mrs. Rina), the movements of 
the flower-buds of Sparmannia afri- 
cana, 803. 

Scorr (Dr. W. R.), the position of 


economies and the applied sciences in | 


a proposed university training of per- 
sons intended for a commercial life, 
696. 

Scorr-Ex.iot (Prof. G. F.) on botanical 
photographs, 471. 

Scottish national antarctic expedition, 
W.S. Bruce on the, 686. | 

Screw gauge, the British 
report on, 350. 

Screws, matrix notation in the theory of, 
by R. W. H. 'T. Hudson, 528. 

Sea-urchin, the common (Zchinus escu- 
lentus), the development of, by Prof. 
E. W. MacBride, 647. 

Seals, a hitherto unrecorded element in 
the occipital bone of, Prof. Cleland on, 
646. 

SEDGWICK (A.) on the occupation of a 
table at the Zoological 
Naples, 259. 

on investigations made at the Marine 

Biological Laboratory, 

271. 


region, 284, 


Sedimentary deposits, the original form | 


of, Rey. J. F. Blake on, 603. 

Seeds, resistance of, to high tempera- 
tures, by Dr. H. H. Dixon, 805. 

*____ ancient and modern, Prof. F. W. 
Oliver on, 813. 

SEELEY (Prof. H. G.) on the registration 
of type specimens of British fossils, 
210. 


-—— fossils from cretaceous strata in 
the Salt Range of India, 604. 

Seismological investigation, seventh report 
on, 59. 


Association, | 


on the coral reefs of the Indian | 


Station at | 


Plymouth, | 
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SENNETT (A. R:) on” the resistance of 
road vehicles to traction, 314. 

*SEWARD (A. C.) and HE. N. ARBER, fossil 
Nipa fruits from Belgium, 808. 

SEYMOUR (H. J.), preliminary list of the 
minerals occurring in Ireland, 598. 

SHARP (Dr. D.) on the zoology of the 
Sandwich Islands, 284. 

*SHAwW (Dr. Cecil) and Prof. J. SyMiInc- 
TON. demonstration of Hdinger’s ap- 
paratus for higher magnifications and 
stronger light, 784. 

*SHAW (Dr. Cyril), a case of paralysis 
of convergence, 781. 

SHAW (Judge), a British Zollverein, or 
preferential tariffs within the British 
Empire, 702. 

SHAW (Dr. W. N.) on practical electrical 
standards, 53. 

on the investigation of the upper 

atmosphere by means of hites, 77. 

radiation in meteorology, 541. 

*SHEARER (C.) on early development of 
the head-kidney in Polygordius and 
Eupomatus, 661. 

SHERRINGTON (Prof. C. 8.) on the con- 
ditions of health essential to the carry- 
ing on of the work of instruction in 
schools, 483. 

Shipping combinations, by Dr. B. W. 
Ginsburg, 698. 

Sippons (A. W.) on the teaching of 
elementary mathematics, 848. 

Silchester excavation, report on the, 453. 


Silurian area of N.E. Ireland, the fossils _ 


of the, R. Clark on, 599. 

*Skull modified by acromegaly, Prof. 
A. ¥. Dixon on a, 753. 

SmaRtT (Prof. W.) on the economic effect 
of legislation regulating women’slabour, 
286. 

SMEDLEY (Miss Ida), the colour of 
iodine-containing compounds, 582. 

Sm1tTH (Miss A. L.), a disease of the 
gooseberry, with notes on Botrytis and 
Sclerotium, 816. 

SmitH (E. A.) on the zovlogy of the Sand- 
mich Islands, 284. 

SMITH (BE. Shrapnell) on the resistance of 
road vehicles to traction, 314. 

*SMITH (M. H.), the importance of minor 
details in engineering work, 735. 

SMITHELLS (Prof. A.) on the movements 
of underground waters of North-west 
Yorkshire, 224. 

on the teaching of science in ele- 
mentary schools, 481. 

*Smoke, the prevention of, by J. &. 
Rayworth, 736. 

Smokeless combustion of bituminous 
fuel, W. H. Booth on the, 736. 

Solar radiation recorder, a new, by Dr. 
W. E. Wilson, 521. 

*Solignac boiler, W. H. Booth on the, 736. 


INDEX. 


SOLLAS (Prof. W. J.) on the erratic blocks | 
of the British Isles, 252. 

SOMERVILLE (Alex.) on investigations in 
the laboratory of the Marine Biological 
Association of the West of Scotland at 
Millport, 272. 

Souterrains, some Ulster, W. J. Fennell 
on, 753. 

Sparmannia africana, the movements 
of the flower-buds of, by Mrs. Rina 
Scott, 803. 

Spear- and arrow-heads, the manufac- 
ture of, by W. J. Knowles, 758. 

Spectra of the elements and compounds, 
wave-length tables of the, report on, 137. 

Spectrograms of Jupiter, Uranus, and 
Vesta, by P. Lowell, 555. 

Sporangial integuments, the morpkolog 
of, by W. C. Worsdell, 812. 

Sporangiophores as a clue to affinities 
among pteridophyta, by Dr. D. H. | 
Scott, 810. 

Sporozoa, the life-history of, 
Woodcock on, 271. 

Standard analytical methods, the un- 
desirability of establishing, by Bertram 
Blount, 577. 

Standard scale for telescopic observa- 
tions, P. Lowell on a, 553. 

"Starfish, the relationships of the larva 
to the adult in the, by Dr. A. T. | 
Masterman, 647. 

*STARKIE (Dr. W. J. M.) on recent re- | 
forms in Irish education, 845. 

Stars, bright and faint, the relative appa- 
rent motions of, by Prof. H. H. Turner, 
552. 

State control and municipal policy, by 
P. Ashley, 700. 

STATHER (J. W.) on the erratic blocks 
of the British Isles, 252. 

Statistics and Economic Science, Address 
by Dr. E. Cannan to the Section of, 
688. 

*Steam turbines, by Hon. C. A. Parsons, 
730. | 

STEBBING (Rev. T. R. R.) on the compila- 
tion of an index generum et specierum 
animalium, 283. 

—— on the work of the Corresponding | 
Societies Committee, 851. | 

STEEL (T.) on examples of Australian | 
fauna, 650. 

* exhibition of some characteristic 
Australian plants, 802. 

*Stellar systems, illustrations obtained 
by photography of the evolution of, 
by Dr. I. Roberts, 541. 

*STIRLING (James) on the new geo- 
logical map of Victoria, 603. | 

— on a census of the flora of the 
Australian Alps, 799. 

*Stomach, the innervation and move- 
ments of the, Dr. W. Page May on, 780. | 
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Stone axe factories hear Cushendall, co. 
Antrim, W. J. Knowles on, 757. 

Stone circles, the age of, report on ex- 
plorations to ascertain, 455. 

StTonEY (Dr. G. J.) on practical elec- 
trical standards, 53. 

——-. on an improvement upon Huygens’ 
construction, 539. 

how to apply the resolution of 
light into undulations of flat wavelets 
to the investigation of optical phe- 
nomena, 539. 

STRAHAN (A.) on life-zones in the British 
carboniferous rocks, 210. 

STROH (A.) on the B.A. screw gauge, 350. 

Subjects to be taught as science in 
schools, the, and the order in which 
they should be taken, by Dr. C. W. 
Kimmins, 844. 

Subterranean chambers, some ancient, 
recently discovered at Waddon, near 
Croydon, G. Clinch on, 754. 

SUDBOROUGH (Prof. J. J.) and Dr. W. A. 
Bong, acid esters of methyl succinic 
acids, 586. 

and H. HipBEeRT, compounds of 
trinitrobenzene with alkylated aryla- 
mines, 587. 

—— and K. J. THompson, action of 
alkalis on cinnamic acid dibromide 
and its esters, 587. 

Sugars, the alkylation of, by T. Purdie 
and Dr. J. C. Irvine, 583. 

SULTE (B.) on an ethnological survey of 
Canada, 353. 

Sun, the uncertainty of our present 
knowledge of the distance of the, by 
A. R. Hinks, 545. 

Sunspots, minimum, and terrestrial mag- 
netism, by Rev, A. L. Cortie, 522. 

Survey of the freshwater lakes of the 
British Isles, T. N. Johnston on the, 
680. 

*Sverdrup’s, Capt., north polar expedi- 
tion, Sir Clements Markham on, 687. 
Sykus (Major P. M.), the geography of 

Southern Persia as affecting its history, 
together with a brief account of the 
Helmand Delta and the great desert of 

Persia known as the Lut, 677. 

*SyMINGTON (Prof. J.), exhibition of 
specimens illustrating physical anthro- 
pology, 753. 

*____ demonstration on specimens illus- 
trating pointsin physicalanthropology, 
770. 

*____ and Dr. CEcIL SHAW, demonstra- 
tion of Edinger’s apparatus for higher 
magnifications and stronger light, 784. 

Synthetical action of enzymes, Dr. H. F. 
Armstrong on the, 579. 

Synthetical researches in the glucoside 
group, recent, by Dr. E. F. Armstrong, 
578. 
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Tallies, E. Lovett on, 767. 

TAYLOR (W.) on the B.A. screw gauge, 
350. 

* the science of the workshop, 735. 

*Teachers, the training of, discussion on, 
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ASSISTANT GENERAL SECRETARY. 
J. G. Garson, M.D., Burlington House, London, W. 


LOCAL SECRETARIES FOR THE MEETING AT SOUTHPORT, 
HAROLD Broprick, M.A. | J. ERNEST JARRATY. 


LOCAL TREASURER FOR THE MEETING AT SOUTHPORT. 
CHARLES BE, AUSTIN. 


ORDINARY MEMBERS OF THE COUNCIL. 
ABNEY, Sir W., K.C.B., F.R.S. Howes, Professor G. B., F.R.S. 
ARMSTRONG, Professor H. E., F.R.S. KELTIE, J. Scorr, Esq., LL.D. 
Bonar, J., Esq., LL.D. Lopes, Sir OLIVER, F.R.S. 
Bowen, Professor F. O., F.R.S. MACALISTER, Professor A., F.R.S. 


OALLENDAR, Professor H. L., F.R.S. PERKIN, Professor W. H., F.R.S. 
CrEAK, Captain H. W., 0.B., R.N., F.R.S. | PrrRRY, Professor JOHN, F.R.S. 
OUNNINGHAM, Professor D. J., FRS. Prick, L. L., Esq., M.A. 
DARWIN, Major L., Sec. R.G.S. | SEWARD, A. ©., Esq., F.R.S. 
FREMANTLE, Hon, Sir O. W., K.C.B. | SOLLAS, Professor W. J., F.R.S. 


Goren, Professor F.. F.R.S. 

Happown, Dr. A. O., F.R.S. 
HALLIBURTON, Professor W. D., F.R.S. 
HAWESLEY, O., Esq., M.Inst.C.#. | 


EX-OFFICIO MEMBERS OF THE COUNCIL, 
The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents and 
Vice-Presidents Elect, the General and Assistant General Secretaries for the present and former years, 
the General Treasurers for the present and former years, and the Local Treasurer and Secretaries for 


the ensuing Meeting. 
TRUSTEES (PERMANENT). 


The Right Hon. Lord AvEsury, D.C.L., LL.D., F.R.S., F.L.S. 
The Right Hon. Lord RAYLEIGH, M.A., D.C.L., LL.D., F.R.S., F.R.A.S. 


Sir ARTHUR W. RUcKER, M.A., D.Sc., F.R.S. 
PRESIDENTS OF FORMER YEARS. 


TILDEN, Professor W..A., F.R.S. 
Warts, Professor W. W., F.G.S 


WOLFE-BARRY, Sir JOHN, K.C.B., F.R.S. 


Sir Joseph D. Hooker, G.C.S.I Sir Wm Huggins,K.0.B.,Pres.R.S. | Sir John Evans, K.C.B., F.R.S. 
Lord Kelvin, G.C.V.O., F.R.S. Sir Archibald Geikie, F.R.S. | Sir William Orookes, F.R.S. 

Prof. A. W. Williamson, F.R.S Prot. Sir J.S. Burdon Sanderson, Sir Michael Foster, K.O.B., 
Lord Avebury, D.C.L., F.R.S. | Bart., F.R.S. . Sec. B.S. 

Lord Rayleigh, D.C.L., F.R.S The Marquis of Salisbury, K.G., Sir W. Turner, K.0.B., F.R.S. 

Sir H. E. Roscoe, D.C.L., F.R.S. F.R.S Sir A. W. Riicker, D.Se., F.R.S. 


Sir F. J. Bramwell, Bart., F.R.S. 


| Lord Lister, D.O.L., F.R.S. 


GENERAL OFFIOERS OF FORMER YEARS. 


F. Galton, Esq., D.O.L., F.R.S. 
Sir Michael Foster, 
Sec. R.S. 


E. W. Brabrook, Esq., C.B. | 


K.C.B., 


P. L. Sclater, Esq., Ph.D., F.R.S. 
Prof. T. G. Bonney, D.Sc., F.R.S. 
Prof. A. W. Williamson, F.R.S. 


AUDITORS. 


A. Vernon Harcourt, Esq., F.R.S, 
Sir A. W. Riicker, D.Sec., F.R.S, 
| Prof. E. A. Schiifer, F.R.S. 


L. L. Price, Esq., M.A. 
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LIST OF MEMBERS 


OF THE 


BRITISH ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE. 


1902. 


* indicates Life Members entitled to the Annual Report. 
§ indicates Annual Subscribers entitled to the Annual Report for 1902, 
{ indicates Subscribers not entitled to the Annual Report. 
Names without any mark before them are Life Members, elected 
before 1845, not entitled to the Annual Report. 
Names of Members of the GENERAL COMMITTEE are printed in 
SMALL CAPITALS. 
Names of Members whose addresses are incomplete or not known 
are in italics. 


Notice of changes of residence should be sent to the Assistant 
General Secretary, Burlington House, W. 


Year of 
Election. 


1887. *ABBE, Professor CLEVELAND. Weather Bureau, Department of Agri- 
culture, Washington, U.S.A. 

1897. tAbbott, A. H. Brockville, Ontario, Canada. 

1898. §Abbott, George, M.R.C.S. 33 Upper Grosvenor-road, Tunbridge 
Wells. 

1881. *Abbott, R. T. G. Whitley House, Malton. 

1887. tAbbott,T. C. Eastleigh, Queen’s-road, Bowdon, Cheshire, 

1902. {ABERcoRN, the Duke of, K.G. Barons Court, Ireland. 

1885, *ABERDEEN, The Right Hon. the Earl of, G.C.M.G., LL.D. Haddo 
House, Aberdeen. 

1885. {Aberdeen, The Countess of. Haddo House, Aberdeen. 

1885. {Abernethy, James W. 2 Rubislaw-place, Aberdeen. 

1873. *ABnEy, Captain Sir W. pe W., K.C.B., D.C.L., F.R.S., F.R.A.S. 
(Pres. A, 1889; Council, 1884-89, 1902- ). Rathmore 
Lodge, Bolton-gardens South, Earl’s Court, S. W. 

1886. {Abraham, Harry. 147 High-street, Southampton. 

1884. Acheson, George. Collegiate Institute, Toronto, Canada. 

1873. tAckroyd, Samuel. Greaves-street, Little Horton, Bradford, 
Yorkshire, 

1900. §Ackroyd, William. Borough Laboratory, Crossley-street, Halifax. 
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LIST OF MEMBERS. 


Year of 
Election. 


1882. 


1869, 


1877. 


1873. 
1894, 
1877. 
1898. 
1901, 
1887. 


1892. 
1884. 
1901. 
1871, 
1869. 


1901. 
1896. 
1898. 
1890, 
1890. 


1899. 


1883. 
1884. 
1902. 
1864, 
1871. 
1871. 
1895. 
1891, 
1871. 
1901. 
1898. 
1884, 
1886. 
1900. 
1896. 


1894. 
1891. 
1883. 
1888. 
1896. 
1891. 
1883. 


1883. 
1883. 


1867, 


1885, 
1871. 


1901. 


*Acland, Alfred Dyke. 38 Pont-street, Chelsea, S.W. 

tAcland, Sir C. T. Dyke, Bart., M.A. Killerton, Exeter. 

*Acland, Captain Francis E. Dyke, R.A. Woodmansterne Rectory, 
Banstead, Surrey. 

*Acland, Rey. H. D., M.A. Lamorva, Falmouth. 

*Acland, Henry Dyke, F.G.S. The Old Bank, Great Malvern. 

*Acland, Theodore Dyke, M.D. 19 Bryanston-square, W. 

fAcworth, W.M. 47 St. George’s-square, S.W. 

§Adam, J. M. 15 Walmer-crescent, Glasgow. 

tApami, J. G., M.A., M.D., Professor of Pathology in the University, 
Montreal, Canada. 

fAdams, David. Rockville, North Queensferry. 

tAdams, Frank Donovan. Geological Survey, Ottawa, Canada. 

§Adams, John, M.A. 12 Holyrood-crescent, Glasgow. 

ftAdams, John R. 2 Nutley-terrace, Hampstead, N.W. 

*Apams, WILLIAM Grruus, M.A., D.Se., F.RS., F.G.S., F.C.P.S. 
(Pres. A, 1880; Council 1878-85), Professor of Natural Philo- 
sophy and Astronomy in King’s College, London. 43 Campden 
Hill-square, W. 

§Adamson, P. 1] Fairlie Park-drive, Glasgow. 

fAdamson, W. Sunnyside House, Prince’s Park, Liverpool. 

§Addison, William L. T. Byng Inlet, Ontario, Canada. 

{Addyman, James Wilson, B.A, Belmont, Starbeck, Harrogate. 

tAprnny, W. E., B.Sc., F.C.S. Royal University of Ireland, Earls- 
fort-terrace, Dublin. 

§Adie, R. H., M.A, B.Se. 156 Huntingdon-road, Cambridge. 

tAdshead, Samuel. School of Science, Macclesfield. 

ftAgnew, Cornelius R. 266 Maddison-avenue, New York, U.S.A. 

§Agnew, Samuel, M.D. Bengal-place, Dublin. 

*Ainsworth, David. The Flosh, Cleator, Carnforth. 

*Ainsworth, John Stirling, Harecroft, Gosforth, Cumberland. 

tAinsworth, William M. The Flosh, Cleator, Carnforth. 

*Airy, Hubert, M.D. Stoke House, Woodbridge, Suffolk. 

*Aisbitt, M. W. Mountstuart-square, Cardiff. 

§Arrkan, Jonn, LL.D., F.R.S., F.R.S.E. Ardenlea, Falkirk, N.B. 

§Aitken, Thomas. County Buildings, Cupar, Fife. 

f{Axers-Dovetas, Right Hon. A., M.P. 106 Mount-street, W. 

*Alabaster, H. Milton, Grange-road, Sutton, Surrey. 

*Albright, G.S. The Elms, Edgbaston, Birmingham. 

§Aldren, Francis J.. M.A. The Lizans, Malvern Link. 

§Aldridge, J. G. W., Assoe.M.Inst.C.E. 9 Victoria-street, West- 
minster, 8S. W. 

tAlexander, A. W. . Blackwall Lodge, Halifax. 

fAlexander, D. T. Dynas Powis, Cardiff. 

fAlexander, George. Kildare-street Club, Dublin. 

*Alexander, Patrick Y. The Mount, Batheaston, Somerset. 

tAlexander, William, 45 Highfield South, Rockferry, Cheshire. 

*Alford, Charles J.. F.G.S, 15 Great St. Helens, E.C. 

fAlger, Miss Ethel. The Manor House, Stoke Damerel, South 
Devon. 

tAlger, W. H. The Manor House, Stoke Damerel, South Devon. 

tAlger, Mrs. W. H. The Manor House, Stoke Damerel, South 
Devon. 

tAlison, George L. C. Dundee. 

fAllan, David. West Cults, near Aberdeen. 

tAllan, G., M.Inst.C.E. 10 Austin Friars, E.C. 

*Allan, James A. Westerton, Milngavie. 


Year of 


LIST OF MEMBERS, 7 


Election. 


1871. 
1879. 
1898. 
1888. 


1884. 
1891. 
1887. 
1878. 
1889. 
1896, 
1882. 


1887. 
1873. 
1891. 


1883. 
1883. 
1884. 


1885. 
1885. 
1901. 
1874. 
1892. 
1899. 
1888. 
1887. 


1889. 
1880. 


1902. 
1901, 
1901. 
1883. 
1895. 
1891. 
1880. 
1886. 
1885. 
1877. 


1886. 
1900. 
1896. 
1886. 
1878. 
1890. 
1901. 


1900. 
1898. 
1894, 
1884. 
1883. 


tAnten, Anrrep H., F.C.S. 67 Surrey-street, Sheftie!d. 

*Allen, Rev. A. J.C. 153 Downing-grove, Cambridge. 

§ArteN, E. J. The Laboratory, Citadel Hill, Plymouth. 

tAuEN, F. J.,M.A., M.D., Professor of Physiology. The University, 
Birmingham. 

tAllen, Rev. George. Shaw Vicarage, Oldham, 

tAllen, Henry A., F.G.S. Geological Museum, Jermyn-street, S.W. 

tAllen, John. 14 Park-road, St. Anne’s-on-the-Sea, via Preston. 

tAllen, John Romilly. 28 Great Ormond-street, W.C. 

tAllhusen, Alfred. Low Fell, Gateshead. 

tAlsop, J. W. 16 Bidston-road, Oxton. 

*Alverstone, The Right Hon. Lord, G.C.M.G., LL.D., E.R.S. 
Hornton Lodge, Hornton-street, Kensington, S.W. 

tAlward, G. L. 11 Hamilton-street, Grimsby, Yorkshire. 

tAmbler, John. North Park-road, Bradford, Yorkshire. 

tAmbrose, D. R. Care of Messrs. J. Evans & Co., Bute Docks, 
Cardiff. 

§Amery, John Sparke. Druid, Ashburton, Devon. 

§Amery, Peter Fabyan Sparke. Druid, Ashburton, Devon. 

tAmi, Henry, M.A., D.Sc., F.G.S. Geological Survey, Ottawa, 
Canada 

{Anderson, Miss Constance. 17 Stonegate, York. 

*AnpERSON, HucH Kerr. Caius College, Cambridge. 

*Anderson, James. 1 Marlborough-terrace, Glasgow. 

tAnderson, John, J.P., F.G.S. Holywood, Belfast. 

tAnderson, Joseph, LL.D. 8 Great King-street, Edinburgh. 

*Anderson, Miss Mary K. 13 Napier-road, Edinburgh. 

*Anderson, R. Bruce. 35a Great George-street, S.W. 

tAnderson, Professor R. J.,.M.D., F.L.S. Queen’s College, and 
Atlantic Lodge, Salthill, Galway. 

{Anderson, R. Simpson. Elswick Oollieries, Newcastle-upon-Tyne. 

*Anperson, TrempEst, M.D., B.Sc., F.G.S. (Local Sec. 1881). 
17 Stonegate, York. 

*Anderson, Thomas. 41 Cliftonville-road, Belfast. 

*Anderson, Dr. W. Carrick. 2 Florentine-gardens, Glasgow. 

tAnderson, W. F.G. 47 Union-street, Glasgow. 

tAndrew, Thomas, F.G.S. 18 Southernhay, Exeter. 

tAndrews, Charles W. British Museum (Natural History), S.W. 

tAndrews, Thomas. 163 Newport-road, Cardiff. 

*Andrews, Thornton, M.Inst.C.E. Cefn Eithen, Swansea. 

§Andrews, William, F.G.S. Steeple Croft, Coventry. 

tAnelay, Miss M. Mabel. Girton College, Cambridge. 

§AneEtt, Jonny, F.C.S., F.C. 6 Beacons-field, Derby-road, 
Withington, Manchester. 

tAnnan, John, J.P. Whitmore Reans, Wolverhampton. 

tAnnandale, Nelson. 23 Salisbury-road, Cressington Park, Liverpool. 

tAnnett, R.C. F. 4 Buckingham-avenue, Sefton Park, Liverpool. 

tAnsell, Joseph. 38 Waterloo-street, Birmingham. 

tAnson, Frederick H. 15 Dean’s-yard, Westminster, 8.W. 

§Antrobus, J. Coutts. Eaton Hall, Congleton. 

tArakawa, Minozi. Japanese Consulate, 84 Bishopsgate-street 
Within, E.C. 

§Arber, E. A. N., B.A. Trinity College, Cambridge. 

tArcher, G. W. 11 All Saints’-road, Clifton, Bristol. 

§Archibald, A. The Bank House, Ventnor. 

*Archibald, E. Douglas. 32 Shaftesbury-avenue, W, 

§Armistead, Richard. Chambres House, Southport. 
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LIST OF MEMBERS. 


Election. 


1883. 
18738. 


1889. 


1893. 
1901. 
1870. 
1874. 
1889. 
1887. 


1888. 
1890. 
1887. 


1887. 
1875. 
1861. 
1896. 
1896. 
1887. 
1884, 
1898. 
1894. 
1894. 
1881. 
1881. 


1894, 
1868. 
1884. 
1853. 


1901. 
1877. 


1884, 
1900. 
1883. 


1863. 
1883. 
1887. 
1887. 
1888. 
1892. 
1883. 


*Aymistead, William. Hillcrest, Oaken, Wolverhampton. 

*AprmsTRONG, Henry E., Ph.D., LL.D., F.R.S. (Pres. B, 1885; 
Pres. L, 1902; Council 1899- ), Professor of Chemistry in 
the City and Guilds of London Institute, Central Institution, 
Exhibition-road, S.W. 55 Granville-park, Lewisham, 8.E. 

{Armstrong, Thomas John. 14 Hawthorn-terrace, Newcastle-upon- 


ne. 

ee ae H., M.A., F.G.8. 56 Friar-gate, Derby. 

{Arthur, Matthew. 78 Queen-street, Glasgow. 

*Ash, Dr. T. Linnington. Penroses, Holsworthy, North Devon. 

tAshe, Isaac, M.B. Dundrum, Co. Dublin. 

tAshley, Howard M. Airedale, Ferrybridge, Yorkshire. 

tAshton, Thomas Gair, M.A. 36 Charlotte-street, Manchester. 

* Ashworth, Edmund. Egerton Hall, Bolton-le-Moors. 

Ashworth, Henry. ‘Turton, near Bolton. 

*Ashworth, J. Jackson. Haslen House, Handforth, Cheshire. 

tAshworth, J. Reginald, B.Sc. 105 Freehold-street, Rochdale. 

tAshworth, John Wallwork, F.G.S. Thorne Bank, Heaton Moor, 
Stockport. 

tAshworth, Mrs. J. W. Thorne Bank, Heaton Moor, Stockport. 

*Aspland, W. Gaskell. Tuplins, Newton Abbot. 

tAsquith, J. R. Infirmary-street, Leeds. 

*Assheton, Richard. Grantchester, Cambridge. 

§Atkin, George, J.P. Egerton Park, Rockferry. 

§ Atkinson, Rev. C. Chetwynd, D.D. Ingestre, Ashton-on-Mersey. 

+Atkinson, Edward, Ph.D., LL.D. Brookline, Massachusetts, U.S.A. 

*Atkinson, E. Cuthbert. St. John’s College, Oxford. 

tAtkinson, George M. 28 St. Oswald’s-road, 8. W. 

*Atkinson, Harold W. Boys’ High School, Pretoria, South Africa. 

tAtkinson, J.T. The Quay, Selby, Yorkshire. 

tArginsoy, Ropert Witiam, F.C.S. (Local Sec. 1891). 
44 Loudoun-square, Cardiff. 

§Atkinson, William. Erwood, Beckenham, Kent. 

*ArTFIELD, J.. M.A., Ph.D., F.R.S., F.C.S. Watford, Herts. 

tAuchincloss, W.S. Atlantic Highlands, New Jersey, U.S.A. 

*Avepury, The Right Hon. Lord, D.C.L., F.R.S. (PRESIDEN, 
1881; Trustee, 1872—-  ; Pres. D, 1872; Council 1865-71). 
High Elms, Farnborough, Kent. 

§Aveling, T. C. 32 Bristol-street, Birmingham. 

*Ayrton, W. E., F.R.S. (Pres. A, 1898; Council 1889-96), 
Professor of Electrical Engineering in the City and Guilds of 
London Institute, Central Institution, Exhibition-road, 8.W. 
41 Kensington Park-gardens, W. 


tBaby, The Hon. G. Montreal, Canada. 
tBaccuvs, RamspEn (Local Sec. 1900). 15 Welbury-drive, Bradford. 
*Bach, Madame Henri. 12 Rue Fénélon, Lyons. 
Backhouse, Edmund. Darlington. 
{Backhouse, T. W. West Hendon House, Sunderland. 
*Backhouse, W. A. St. John’s, Wolsingham, R.S.O., Durham. 
*Bacon, Thomas Walter. Ramsden Hall, Billericay, Essex. 
{Baddeley, John. 1 Charlotte-street, Manchester. 
tBaildon, Dr. 42 Hoghton-street, Southport. 
tBaildon, H. Bellyse. Duncliffe, Murrayfield, Edinburgh. 
*Bailey, Charles, F.L.S. Atherstone House, North-drive, St. 
Anne’s-on-the-Sea, Lancashire. 


Year of 
Election 


18958. 


1870. 
1887. 
1899. 
1855. 
1894. 
1878. 
1885. 
1897. 
1885. 
1882. 


1886, 
1898. 
1898. 
1891. 
1881. 
1875. 
1881. 
1884. 
1871. 


1894, 
1875. 


1885, 
1878. 


1866. 


1888. 
1886. 
1869. 


1890. 
1899. 
1882, 
1898. 


1884, 
1866. 
1890. 
1861. 
1871. 
1860. 
1887. 
1886. 
1902. 
1902. 
1881. 
1882. 
1886. 
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§BarLey, Colonel F., Sec. R.Scot.G.8., F.R.G.S. 7 Drummond-place, 
Edinburgh. 

{Bailey, Dr. Francis J. 51 Grove-street, Liverpool. 

*Bailey, G. H., D.Sc., Ph.D. Marple Cottage, Marple, Cheshire. 

{Bailey, T. Lewis. Fernhill, Formby, Lancashire, 

{Bailey, W. Horseley Fields Chemical Works, Wolverhampton. 

*Baily, Francis Gibson, M.A. 11 Ramsay-garden, Edinburgh. 

{Barty, Watrpr. 4 Roslyn-hill, Hampstead, N.W. 

{Barn, AtexanpeEr, M.A., LL.D. Ferryhill Lodge, Aberdeen. 

§Bain, JAmus, jun. Toronto. 

{Bain, William N. Collingwood, Pollokshields, Glasgow. 

*Baker, Sir Benzamin, K.C.B., K.C.M.G., LL.D., D.Sc., F.R.S., 
M.Inst.C.E. (Pres. G, 1885; Council, 1889-96). 2 Queen 
Square-place, Westminster, S.W. 

§Baker, Harry, F.I.C. Epworth House, Moughland-lane, Runcorn. 

{Baker, Herbert M. Wallcroft, Durdham Park, Clifton, Bristol, 

{Baker, Hiatt C. Mary-le-Port-street, Bristol. 

{Baker, J. W. 650 Stacey-road, Cardiff. 

{Baker, Robert, M.D. The Retreat, York. 

{Baxer, W. Proctor. Bristol. 

{Baldwin, Rey. G. W. de Courcy, M.A. Warshill Vicarage, York. 

{Balete, Professor E. Polytechnic School, Montreal, Canada. 

{Balfour, The Right Hon. G. W., M.P. 24 Addison-road, Ken- 
sington, W. 

§Batrour, Henry, M.A. 11 Norham-gardens, Oxford. 

{Batroour, Isaac Baytey, M.A.,D.Se.,M.D., F.R.S.,F.R.S.E., F.L.S., 
(Pres. D, 1894; K, 1901), Professor of Botany in the Univer- 
sity of Edinburgh. Inverleith House, Edinburgh. 

{Balfour, Mrs. I. Bayley.. Inverleith House, Edinburgh. 

*Ball, Charles Bent, M.D., Regius Professor of Surgery in the 
University of Dublin. 24 Merrion-square, Dublin. 

*Bawt, Sir Roperr Srawe zt, LL.D., F.R.S., F.R.A.S. (Pres. A, 
1887; Council 1884-90, 1892-94; Local Sec. 1878), Lown- 
dean Professor of Astronomy and Geometry in the University 
of Cambridge. The Observatory, Cambridge. 

*Ball, W. W. Rouse, M.A. Trinity College, Cambridge. 

{Ballantyne, J. W., M.B. 24 Melville-street, Edinburgh. 

{Bamber, Henry K., F.C.S. 5 Westminster-chambers, Victoria- 
street, Westminster, S.W. 

{Bamford, Professor Harry, B.Sc. 3 Albany-street, Glasgow. 

§Bampton, Mrs. 42 Marine-parade, Dover. 

{Bance, Colonel Edward, J.P. Oak Mount, Highfield, Southampton. 

{tBannerman, W. Bruce, F.R.G.S., F.G.S. The Lindens, Sydenham- 
road, Croydon. 

{Barbeau, E. J. Montreal, Canada. 

{Barber, John. Long-row, Nottingham. 

*Barber-Starkey, W. J.S. Aldenham Park, Bridgnorth, Salop. 

*Barbour, George. Bolesworth Castle, Tattenhall, Chester. 

tBarclay, George. 17 Coates-crescent, Edinburgh. 

*Barclay, Robert. High Leigh, Hoddesden, Herts. 

*Barclay, Robert. Sedgley New Hall, Prestwich, Manchester. 

tBarclay, Thomas. 17 Bull-street, Birmingham. 

§Barcroft, H., D.L. The Glen, Newry, Co. Down. 

§Barcroft, Joseph. King’s College, Cambridge. 

{Barfoot, William, J.P. Whelford-place, Leicester. 


tBarford, J. D. Above Bar, Southampton. 


{Barham, F. F. Bank of England, Birmingham. 
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1890. {Barker, Alfred, M.A., B.Sc. Aske’s Hatcham School, New 
Cross, 8.E. 

1899 §Barker, John H. Ashley-road, Loughborough. 

1882. *Barker, Miss J. M. 18 Claremont-place, Neweastle-on-Tyne. 

1879. *Barker, Rey. Philip C., M.A., LL.B. Priddy Vicarage, Wells, 
Somerset. 

1898. §Barker, W. R. 106 Redland-road, Bristol. 

1886. {Barling, Gilbert. 85 Edmund-street, Edgbaston, Birmingham. 

1873. {Barlow, Crawford, B.A., M.Inst.C.E. Deene, Tooting Bec-road, 
Streatham, S.W. 

1889. §Barlow, H. W. L., M.A., M.B., F.C.S. The Park Hospital, Hither 
Green, S.E. 

1883. {Barlow, J. J. 48 Part-street, Southport. 

1878. {Barlow, John, M.D., Professor of Physiology in St. Mungo’s Col- 
lege, Glasgow. 

1883. tBarlow, John R, Greenthorne, near Bolton. 

1885. *Bartow, Witt1AM, F.G.S. The Red House, Great Stanmore. 

1902. §Barnard, J. E. Jenner Institute of Preventive Medicine, Chelsea- 
gardens, 8.W. 

1861. *Barnard, Major R. Cary, F.L.S. Bartlow, Leckhampton, Cheltenham. 

1881, {Barnard, William, LL.B. 38 New-court, Lincoln’s Inn, W.C. 

1889. {Barnes, J. W. Bank, Durham. 

1868. §Barnes, Richard H. Heatherlands House, Parkstone, Dorset. 

1899, {Barnes, Robert. 9 Kildare-gardens, Bayswater, W. 

1884. {Barnett, J. D. Port Hope, Ontario, Canada. 

1901. {Barnett, P. A. Pietermaritzburg, South Africa. 

1899. {Barnett, W. D. 41 Threadneedle-street, 1.C. 

1881. {Barr, ArcHrBaLp, D.Sc., M.Inst.C.E. The University, Glasgow. 

1890. {Barr, Frederick H. 4 South-parade; Leeds. 

1859. {Barr, Lieut.-General. Apsleytoun, East Grinstead, Sussex. 

1902. *Barr, Mark. 25 Kensington Court-gardens, W. 

1891. {Barrell, Frank R., M.A., Professor of Mathematics in University 
College, Bristol. 

1883. {Barrett, Mrs. J.C. Errismore, Birkdale, Southport. 

1872. *Barrert, W. F., F.R.S., F.R.S.E., M.R.I.A., Professor of Physics 
in the Royal College of Science, Dublin. 

1883. {Barrett, William Scott. Abbotsgate, Huyton, near Liverpool. 

1899, {Barrerr-Hamitron, Capt. G. KE. H. Kilmarnock, Arthurstown, 
Waterford, Ireland. 

1887. {Barrington, Miss Amy. Fassaroe, Bray, Co. Wicklow. 

1874, *Barrineton, R. M., M.A., LL.B., F.L.S.  Fassaroe, Bray, Co. 
Wicklow. 

1874. *Barrington-Ward, Mark J., M.A., F.L.S., F.R.G.S., H.M. Inspector 
of Schools. Thorneloe Lodge, Worcester. 

1885. *Barron, Frederick Cadogan, M.Inst.C.E. Nervion, Beckenham- 
erove, Shortlands, Kent. 

1866, {Barron, William. Elvaston Nurseries, Borrowash, Derby. 

1893, *BarRow, GzorGn, F.G.S. Geological Survey Office, 28 Jermyn- 
street, S. W. 

1886. {Barrow, George William. Baldraud, Lancaster. 

1886, {Barrow, Richard Bradbury. Lawn House, 13 Ampton-road, Edg- 
baston, Birmingham. 

1896. §Barrowman, James. Staneacre, Hamilton, N.B. 

1886, {Barrows, Joseph. The Poplars, Yardley, near Birmingham. 

1886. {Barrows, Joseph, jun. Ferndale, Harborne-road, Edgbaston, Bir- 
mingham. 

1858. {Barry, Right Rev. Atrrep, D.D., D.C.L. The Cloisters, Windsor. 
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Election. 


1883. 
1881. 
1884. 
1890. 
1890. 
1892. 


1858. 


1884. 
1873. 


1892. 
1898, 
1884, 
1852. 
1899. 
1892. 
1887. 


1898. 
1876. 
1888. 
1891. 
1866. 
1889. 


1869. 
1871. 


1889, 
1883, 


1868. 
1889. 
1884. 
1881. 


1863. 
1867. 
1892, 
1875. 
1876. 
1887, 
1883, 


1886. 


1886, 
1860. 
1884. 
1872. 
1885. 
1889. 


tBarry, Charles E. 1 Victoria-street, S.W. 

{Barry, J. W. Duncombe-place, York. 

*Barstow, Miss Frances A. Garrow Hill, near York. 

*Barstow, J. J. Jackson. The Lodge, Weston-super-Mare. 

*Barstow, Mrs. The Lodge, Weston-super- Mare. 

{Bartholomew, John George, F.R.S.E., F.R.G.S. 12 Blacket-place, 
Edinburgh. 

*Bartholomew, William Hamond, M.Inst.C.E. Ridgeway House, 
Cumberland-road, Hyde Park, Leeds. 

{Bartlett, James Herbert. 148 Mansfield-street, Montreal, Canada. 

tBartley, Sir G. C. T., K.C.B., M.P. St. Margaret’s House, Victoria- 
street, S. W. 

{Barton, Miss. 4 Glenorchy-terrace, Mayfield, Edinburgh. 

{Barton, Edwin H., B.Sc. University College, Nottingham. 

{Barton, H. M. Foster-place, Dublin. 

{Barton, James, B.A., M.Inst.C.E. Farndreg, Dundalk. 

*Barton, Miss Ethel 8. 7 Brechin-place, South Kensington, S.W. 

{Barton, William. 4 Glenorchy-terrace, Mayfield, Edinburgh. 

tBartrum, John 8. 18 Gay-street, Bath. 

*Bashforth, Rey. Francis, B.D. Minting Vicarage, near Horncastle. 

{Bason, Vernon Millward. 7 Princess-buildings, Clifton, Bristol. 

{Bassano, Alexander. 12 Montagu-place, W. 

*BasseEt, A. B., M.A., F.R.S. Fledborough Hall, Holyport, Berkshire. 

{Bassett, A. B. Cheverell, Llandaff. 

*BassETT, Henry. 26 Belitha-villas, Barnsbury, N. . 

{BastaBLE, Professor C. F., M.A., F.S.S. (Pres. F, 1894). 6 Tre- 
velyan-terrace, Rathgar, Co. Dublin. 

{Bastard, S.S. Summerland-place, Exeter, 

{Basrran, H. Cuaron, M.A., M.D., F.R.S., F.L.S., Emeritus Pro- 
fessor of the Principles and Practice of Medicine in University 
College, London, 84 Manchester-square, W. 

{Batalha-Reis, J. Portuguese Consulate, Newcastle-upon-Tyne. 

tBateman, Sir A. E., K.C.M.G., Controller-General Statistical 
Department. Board of Trade, 7 Whitehall Gardens, S.W. 

{Bateman, Sir F., M.D., LL.D. Upper St. Giles’s-street, Norwich. 

{Bates, C. J. Heddon, Wylam, Northumberland. 

{Bareson, WixirAM, M.A., F.R.S. St. John’s College, Cambridge. 

*Batuer, Francis Arruur, M.A., D.Sc., F.G.S. British Museum 
(Natural History), S.W. 

§BavERMAN, H., F.G.8. 14 Cavendish-road, Balham, S.W. 

{Baxter, Edward. Hazel Hall, Dundee. 

tBayly, F. W. 8 Royal Mint, E. 

*Bayly, Robert. Torr Grove, near Plymouth. 

*Baynes, Ropert E., M.A. Christ Church, Oxford. 

*Baynes, Mrs. R. E. 2 Norham-gardens, Oxford. 

*Bazley, Gardner 8. Hatherop Castle, Fairford, Gloucestershire. 

Bazley, Sir Thomas Sebastian, Bart., M.A. Winterdyne, Chine 
Crescent-road, Bournemouth. 

tBeale, C. Calle Progress No. 83, Rosario de Santa Fé, Argentine 
Republic. 

tBeale, Charles G. Maple Bank, Edgbaston, Birmingham. 

*Brare, Lionet S., M.B., F.R.S. 61 Grosvenor-street, W. 

{tBeamish,G. H. M. Prison, Liverpool. 

{Beanes, Edward, F.C.S. Moatlands, Paddock Wood, Brenchley, Kent. 

{Beard, Mrs. Oxford. 

§BrareE, Prof. T. Hupson, B.Sc., F.R.S.E., M.Inst.C.E. The Uni- 
versity, Edinburch. 
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1842. *Beatson, William. 2 Ash-mount, Rotherham. 


1889. {Beattie, John. 5 Summerhill-grove, Newcastle-upon-Tyne. 
1902. §Beatty, H. M., LL.D. Ballymena, Co. Antrim. 
1855. *Beaufort, W. Morris, F.R.A.S., F.R.G.S., F.R.MLS., F.S.S. 18 Picca- 


dilly, W. 


1886. {Beaugrand,M.H. Montreal. 
1900. {Beaumont, Prof. Roberts, M.I.Mech.E. Yorkshire College, 


1861 
1887 
1885 
1896 
1887 


Leeds. 
. *Beaumont, Rey. Thomas George. Oakley Lodge, Leamington. 
. *Beaumont, W. J. The Laboratory, Citadel Hill, Plymouth. 
. *Beaumont, W. W., M.Inst.C.E. Outer Temple, 222 Strand, W.C. 
. {Beazer, C. Hindley, near Wigan. 
. *Beckert, Jonn Hamppen. Corbar Hall, Buxton, Derbyshire. 


1885. {BeppARD, Franx E., M.A., F.R.S., F.Z.S., Prosector to the Zoo- 


logical Society of London, Regent's Park, N.W. 


1870. §Beppor, Joun, M.D., F.R.S. (Council, 1870-75). The Chantry, 


Bradford-on- Avon. 


1858. §Bedford, James. Woodhouse Cliff, near Leeds. 


- 1890. 
1891. 
1878. 


1884, 
1878. 


1901. 
1874. 
1891. 
1892. 
1871. 


1884 


1894. 


1860. 
1900. 
1862. 


{Bedford, James E., F.G.S. Shireoak-road, Leeds. 

§Bedlington, Richard. Gadlys House, Aberdare. 

{Bepson, P. Puriures, D.Sc., F.C.S. (Local Sec. 1889), Professor of 

Chemistry in the College of Physical Science, Newcastle-upon- 

Tyne. 

tBeers, W.G., M.D. 34 Beaver Hall-terrace, Montreal, Canada. 

tBehrens, Jacob. Springfield House, North-parade, Bradford, York- 
shire. 

*Beilby, George T. 11 University-gardens, Glasgow. 

tBelcher, Richard Boswell. Blockley, Worcestershire. 

*Belinfante, L. L., M.Sc., Assist.-Sec. G.S. Burlington House, W. 

{Bell, A. Beatson. 17 Lansdowne-crescent, Edinburgh. 

{Bell, Charles B. 6 Spring-bank, Hull. 

{Bell, Charles Napier. Winnipeg, Canada. * 

tBriz, F. Jerrrny, M.A., F.Z.S. 35 Cambridge-street, Hyde 
Park, W. 

Bell, Frederick John. Woodlands, near Maldon, Essex. 

tBeEtt, Rev. Groren OnARtEs, M.A. Marlborough College, Wilts. 

*Bell, H. Wilkinson. Holmehurst, Rawdon, near Leeds. 

*BELL, Sir Isaac Lowrmtan, Bart., LL.D., F.R.S., F.C.S., M.Inst.C.E, 
(Pres. B, 1889). Rountou Grange, Northallerton. 


1875. t{Brett, James, C.B., D.Sc., Ph.D., F.R.S. 52 Cromwell-road, 


1896. 
1871. 


1883. 
1864. 
1888. 
1893. 
1884. 
1885. 


1891. 


Hove, Brighton. 

{Bell, James. Care of the Liverpool Steam Tug Co., Limited, 
Chapel-chambers, 28 Chapel-street, Liverpool. 

*Ben., J. Carrer, F.C.S. Bankfield, The Cliff, Higher Broughton, 
Manchester. 

*Bell, John Henry. 100 Leyland-road, Southport. 

{Bell, R. Queen’s College, Kingston, Canada. 

*Bell, Walter George, M.A. Trinity Hall, Cambridge. 

{Brtrer, The Right Hon. Lord, LL.M. Kingston, Nottinghamshire. 

{Bemrose, Joseph. 15 Plateau-street, Montreal, Canada. 

{Benuam, WiLt1Am Braxtanp, D.Sc., Professor of Biology in the 
University of Otago, New Zealand. 

tBennett, Alfred Rosling. 44 Manor Park-road, Harlesden, N.W. 


1896. {Bennett, George W. West Ridge, Oxton, Cheshire. 


1881. 
1883. 
1901. 


{Bennett, John Ryan. 3 Upper Belgrave-road, Clifton, Bristol. 
*Bennett, Laurence Henry. The Elms, Paignton, South Devon. 
§Bennett, Peter. 6 Kelvinhaugh-street, Sandyford, Glasgow. 
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1896. 
1881. 


1889. 
1901. 


1887. 


1863. 
1898. 
1884, 
1897. 
1896. 


* 1901. 
1894. 


1865. 
1886. 
1898. 


1894. 
1862. 


1882. 
1890. 
1880. 


1885. 
1884. 
1870. 
1888. 
1885. 


1882, 
1898. 
1901. 
1886. 
1887. 
1884. 


1881. 


1873. 
1900. 
1880. 


1888. 
1887. 
1894, 
1885. 
1886. 


1901. 
1889. 
1881. 


{Bennett, Richard. 19 Brunswick-street, Liverpool. 
a Oe tae S. H., M.A. St. Mary’s Vicarage, Bishopshill Junior, 
ork. 

{Benson, John G. 12 Grey-street, Newcastle-upon- Tyne. 

“Benson, Miss Margaret J., D.Sc. Royal Holloway College, 
Heham. 

*Benson, Mrs. W. J. Care of W. J. Benson, Esq., Standard Bank, 
Johannesburg, Transvaal. 

{Benson, William. Fourstones Court, Newcastle-upon-Tyne. 

*Bent, Mrs. Theodore. 13 Great Cumberland-place, W. 

{Bentham, William. 724 Sherbrooke-street, Montreal, Canada. 

tBently, R. R. 97 Dowling-avenue, Toronto, Canada. 

*Bergin, William, M.A., Professor of Natural Philosophy in Queen’s 
College, Cork. 

{Bergins, Walter L. 8 Marlborough-terrace, Glasgow. 

§ Berkeley, The Right Hon, the Earl of, F.G.S. Foxcombe, Boarshill, 
near Abingdon. 

{Berkley, C. Marley Hill, Gateshead, Durham. 

{Bernard, W. Leigh. Calgary, Canada. 

§Berridge, Miss C. E. Dunton Lodge, The Knowle, Beckenham, 
Kent. 

§ Berridge, Douglas, M.A., F.C.S. The College, Malvern. 

{Busant, Witt1am Henry, M.A., D.Sc., F.R.S. St. John’s College, 
Cambridge. 

*Bessemer, Henry. Moorlands, Bitterne, Southampton. 

{Best, William Woodham. 31 Lyddon-terrace, Leeds. : 

*Brvan, Rey.. James Otiver, M.A., F.S.A., F.G.S.  Chillenden 
Rectory, Dover. 

{Reveridge, R. Beath Villa, Ferryhill, Aberdeen. 

*Beverley, Michael, M.D. 54 Prince of Wales-road, Norwich. 

{ Bickerton, A. W. Newland-terrace, Queen’s-road, Battersea, S.W. 

*Bidder, George Parker. Savile Club, Piccadilly, W. 

“BIDWELL, SHELFORD, Sc.D., LU.B., F.R.S. Riverstone Lodge, 
Southfields, Wandsworth, Surrey, 8.W. 

§Biges, C. H. W., F.C.S. Glebe Lodge, Champion Hill, 8.E. 

§ Billington, Charles. Studleigh, Longport, Staffordshire. 

*Bilsland, William, J.P. 28 Park-circus, Glasgow. 

tBindloss, G.F. Carnforth, Brondesbury Park, N.W. 

*Bindloss, James B. Elm Bank, Eccles, Manchester, 

*Bingham, Lieut.-Colonel John E., J.P. West Lea, Ranmoor, 
Sheffield. 

{Brynie, Sir ALEXANDER R., M.Inst.C.E., F.G.S. (Pres. G, 1900). 
77 Ladbroke-grove, W. 

{Binns, J. Arthur. 31 Manor-row, Manningham, Bradford, Yorkshire. 

{Bird, F. J. Norton House, Midsomer Norton, Bath. 

{Bird, Henry, F.C.S. South Down House, Millbrook, near 
Devonport. 

*Birley, Miss Caroline. 14 Brunswick-gardens, Kensington, W. 

*Birley, H. K. Hospital, Chorley, Lancashire. 

tBisset, James, F.R.S.E. 9 Greenhill-park, Edinburgh. 

TBissett, J. P. Wyndem, Banchory, N.B. 

*Bixby, Major W. H. Engineer’s Office, Jones Building, Detroit, 

Michigan, U.S.A. 

tBlack, John Albert. Lagarie-row, Helensburgh, N.B. 

tBlack, W. 1 Lovaine-place, Newcastle-upon-Tyne. 

tBlack, Surgeon-Major William Galt, F.R.C.S.E. Caledonian United 
Service Club, Edinburgh. 
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1901. 
1876. 
1884. 
1900. 
1877. 
1855. 


1884. 
1896. 
1886. 


1895. 
1883. 
1892. 
1892. 
1883. 
1902. 
1891. 


1894. 
1900. 
1881. 
1895. 
1884. 
1869, 


1887. 


1887. 
1887, 
1884, 
1902. 
1888. 


1870. 
1885. 


1867. 
1887. 
1901. 


1870. 
1887. 
1900. 
1889. 
1884. 
1900. 


1887. 
1898. 
1894, 
1898. 
1898. 


1883, 


§Black, W. P.M. 136 Wellington-street, Glasgow. 

{Blackburn, Hugh, M.A. Roshven, Fort William, N.B. 

{Blackburn, Robert. New Edinburgh, Ontario, Canada. 

{Blackburn, W. Owen. 3 Mount Royd, Bradford. 

TBlackie, J. Alexander. 17 Stanhope-street, Glasgow. 

*Briackiz, W. G., Ph.D., F.R.G.S. (Local Sec. 1876). 1 Belhaven- 
terrace, Kelvinside, Glasgow. 

{Blacklock, Frederick W. 25 St. Famille-street, Montreal, Canada. 

{ Blackwood, J. M. 16 Oitl-street, Liverpool. 

tBiaikie, John, F.L.S. The Bridge House, Newcastle, Stafford- 
shire. 

{Blaikie, W. B. 6 Belgrave-crescent, Edinburgh. 

{Blair, Mrs. Oakshaw, Paisley. 

{Blair, Alexander. 35 Moray-place, Edinburgh. 

{Blair, John. 9 Ettrick-road, Edinburgh. 

*BraxkeE, Rev. J. F., M.A., F.G.S. 35 Harlesden-gardens, N.W. 

§Blake, Robert F., F.I.C. 66 Malone-avenue, Belfast. 

{Buaxestey, THomas H., M.A., M.Inst.C.E. Royal Naval College, 
Greenwich, 8.E. 

{Blakiston, Rev. C. D. Exwick Vicarage, Exeter. 

*Blamires, Joseph. Bradley Lodge, Huddersfield. 

{Blamires, Thomas H. Close Hill, Lockwood, near Huddersfield. 

{Blamires, William. Oak House, Taylor Hill, Huddersfield. 

*Blandy, William Charles, M.A. 1 Friar-street, Reading. 

{Branrorp, W. T., LL.D., F.R.S., F.G.S., F.R.G.S. (Pres. C, 
1884; Council 1885-91). 72 Bedford-gardens, Campden 
Hill, W. 

*Bles, A. J. S. Palm House, Park-lane, Higher Broughton, Man- 
chester. 

*Bles, Edward J., B.Sc. The University, Glasgow. 

{Bles, Marcus 8... The Beeches, Broughton Park, Manchester. 

*Blish, William G. Niles, Michigan, U.S.A. 

§Blount, Bertram. 2 Broadway, Westminster, S.W. 

{Bloxsom, Martin, B.A., Assoc.M.Inst.C.E, Hazelwood, Crumpsall 
Green, Manchester. 

tBlundell, Thomas Weld. Ince Blundell Hall, Great Crosby. 

Blyth, B. Hall. 135 George-street, Edinburgh, 

{Bryrey, James, M.A., F.R.S.E., Professor of Natural Philosophy in 
Anderson’s College, Glasgow. 

*Blyth-Martin, W. Y. Blyth House, Newport, Fife. 

{Blythe, William S. 65 Mosley-street, Manchester. 

§Biryraswoop, The Right Hon. Lord, LL.D. Blythswood, Ren- 
frew. 

tBoardman, Edward. Oak House, Eaton, Norwich. 

*Boddington, Henry. Pownall Hall, Wilmslow, Manchester. 

{Boprneron, Principal N., M.A. Yorkshire College, Leeds. 

{ Bodmer, G. R., Assoc.M. Tnst.C.E. 53 Victoria- street, Sais 

TBody, Rev. C. W. E.,M.A. Trinity College, Toronto, Canada. 

§ Boileau, Mejor A.C. T., R.A. Royal Artillery Institution, Wool- 
wich. 

*Boissevain, Gideon Maria. 4 Tesselschade-straat, Amsterdam, 


.§Borton, H. The Museum, Queen’s-road, Bristol. 


§Bolton, John. 15 Clifton-road, Crouch End, N. 

tBolton, J. W. Baldwin-street, Bristol. 

§Bonar, J., M.A., LL.D. (Pres. F, 1898; Council 1899- 
1 Redington-road, Hampstead, N.W 

}Bonney, Frederic, F.R.G.S. Colton House, Rugeley, Staffordshire. 
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1871. *Bonnny, Rev. Tuomas Guoree, D.Sc., LL.D., F.R.S., F.S.A. 
F.G.S. (Sucrerary, 1881-85; Pres. C, 1886), 93 Denning. 
road, Hampstead, N.W. ~ 

1888. {Boon, William. Coventry. 

1893. {Boot, Jesse. Carlyle House, 18 Burns-street, Nottingham. 

1890. *Bootu, Cartes, D.Sc., F.R.S., F.S.S. 24 Great Cumberland- 
place, W. 

1883. {Booth, James. Hazelhurst, Turton. 

1883. {Booth, Richard, 4 Stone-buildings, Lincoln’s Inn, W.O. 

1876. {Booth, Rev. William H. Mount Nod-road, Streatham, S.W. 

1883. {Boothroyd, Benjamin. Solihull, Birmingham. 

1901. *Boothroyd, Herbert E. Sidney Sussex College, Cambridge. 

1900. {Borchgrevink, C. E. Lindfield, Sussex. 

1876. *Borland, William. 260 West George-street, Glasgow. 

1882. yan Henry, Ph.D., F.C.S. 19 Alexandra-road, Wimbledon, 
Surrey. 

1901. {Borradaile, L. A. Selwyn College, Cambridge. 

1876. *Bosanquet, R. H. M., M.A., F.R.S., FLR.AS. Castillo Zamora, 
Realejo-Alto, Teneriffe. 

1896. {Bose, Professor J. C., C.LE., M.A., D.Sc. Calcutta, India. 

*Bossey, Francis, M.D. Mayfield, Oxford-road, Redhill, Surrey. 

1881. §BorHamiry, Cuartes H., F.I.C., F.C.S., Director of Technical 
Instruction, Somerset County Education Committee, Hurst 
Knoll, Weston-super-Mare. 

1887. {Bott, Dr. Owens College, Manchester. 

1872. {Bottle, Alexander. 4 Godwyne-road, Dover. 

1868. {Bottle, J.T. 28 Nelson-road, Great Yarmouth. 

1887. aeons James, D.Sc., B.A. 220 Lower Broughton-road, Man- 
chester. 

1871. *Borromiry, James Tuomson, M.A., D.Sc., F.R.S., F.R.S.E., F.C.S. 
13 University-gardens, Glasgow. 

1884, *Bottomley, Mrs. 13 University-gardens, Glasgow. 

1892. {Bottomley, W. B., B.A., Professor of Botany in King’s College, W.C 

1876. {Bottomley, William, jun. 15 University-gardens, Glasgow. 

1890. {Boulnois, Henry Percy, M.Inst.C.E. 44 Campden House Court, 
Kensington, W. 

1883. {Bourdas, Isaiah. Dunoon House, Clapham Common, 8.W. 

1883. {BovrneE, A. G., D.Sc., F.R.S., F.L.S., Professor of Biology in the 
Presidency College, Madras. 

1893. *Bournz, G. C., M.A., F.L.S. (Local Sec. 1894). Savile House, 
Mansfield-road, Oxford. 

1866. {BournE, SrepHEN. 5 Lansdown-road, Lee, S.E. 

1890. {Bousfield, O. E. 55 Clarendon-road, Leeds. 

1902. §Bousfield, William. 20 Hyde Park-gate, W. 

1898. {Bovey, Edward P., jun. Clifton-grove, Torquay. 

1884. {Bovey, Henry T., M.A., F.R.S., M.Inst.C.E., Professor of Civil 
Engineering and Applied Mechanics in McGill University, 
Montreal. Ontario-avenue, Montreal, Canada. 

1888. {Bowden, Rev. G. New Kingswood School, Lansdown, Bath. 

1881. *Bownr, F. O., D.Sc. F.RS., F.RS.E., F.L.S. (Pres. K, 1898; 
Council 1900-—_), Regius Professor of Botany in the Univer- 
sity of Glasgow. 

1898. *Bowker, Arthur Frank, F.R.G.S., F.G.S. West Malling, Kent, 

1856. *Bowlby, Miss F. E. 23 Lansdowne-parade, Cheltenham, 

1898. §Bowzey, A. L., M.A. Lynwood, Southern Hill, Reading. 

1880. {Bowly, Christopher. Cirencester. 

1887. {Bowly, Mrs. Christopher. Cirencester. 
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Year of 


LIST OF MEMBERS. 


Election. 


1865. 
1899. 


1899. 
1887. 


1895. 


1901. 
1871. 
1884. 


1892. 
1872. 
1869. 


1894. 
1893. 
1899. 
1892. 
1865. 


1880. 
1864. 
1888, 
1898. 


1865. 


1867. 
1861. 
1885. 
1902. 
1890. 
1868. 
1877. 
1902. 


1898. 
1882. 
1866. 
1891. 


1886. 


1870. 
1887. 
1870. 
1886. 
1879. 
1870. 
1890. 
18938. 


{Bowman, F. H., D.Sc., F.R.S.E. Mayfield, Knutsford, Cheshire. 

*Bowman, Herbert Lister, M.A., D.Sc. 18 Sheffield-gardens, Ken- 
sington, W. 

*Bowman, John Herbert. 13 Sheffield-gardens, Kensington, W. 

§Box, Alfred Marshall. Care of Messrs. Cooper, Box & Co., 69 
Aldermanbury, E.C. 

*Boyce, Rupert, M.B., F.R.S., Professor of Pathology, University 
College, Liverpool. 

§Boyd, David T. Rhinsdale, Ballieston, Lanark. 

{Boyd, Thomas J. 41 Moray-place, Edinburg. 

*Boyle, R. Vicars, C.S.I. Care of Messrs. Grindlay & Co., 55 
Parliament-street, 8S. W. 

§Boys, Cuartes VERNON, F.R.S. (Council, 1893-99). 27 The Grove, 
Boltons, S.W. 

*Brasrook, EH. W., C.B., F.S.A. (Pres. H, 1898). 178 Bedford- 
hill, Balham, 8. W. 

*Braby, Frederick, F.G.S., F.C.S. Bushey Lodge, Teddington 
Middlesex. ‘ 

*Braby, Ivon. Bushey Lodge, Teddington, Middlesex. 

§Bradley, F. L. Ingleside, Malvern Wells. 

*Bradley, J. W., Assoe.M.Inst.C.E. Town Hall, Wolverhampton. 

§Bradshaw, W. Carisbrooke House, The Park, Nottingham. 

{Brapy, GEORGE S., M.D., LL.D., F.R.S., Professor of Natural 
History in the Durham College of Science, Newcastle-on-Tyne. 
2 Mowbray-villas, Sunderland. 

*Brady, Rev. Nicholas, M.A. Rainham Hall, Rainham, 8.0., Essex. 

tBraham, Philip. 3 Cobden-mansions, Stockwell-road, 8.E. 

§Braikenridge, W. J., J.P. 16 Royal-crescent, Bath. 

{Bramble, Lieut.-Colonel James R., F.S.A. Seafield, Weston-super- 
Mare. 

§BraMweELL, Sir Freperick J., Bart., D.C.L., LL.D., F.RS., 
M. Inst.C.E. (Prestpent, 1888; Pres. G, 1872, 1884; Council 
1873-79, 1888-87). 5 Great George-street, S.W. 

{Brand, William. Milnefield, Dundee. 

*Brandreth, Rev. Henry. 72 Hills-road, Cambridge. 

*Bratby, William, J.P. Alton Lodge, Hale, Bowdon, Cheshire. 

§ Braun, Henry C. 1 North-street, King’s Oross, N. 

*Bray, George. Belmont, Wood-lane, Headingley, Leeds. 

{Bremridge, Elias. 17 Bloomsbury-square, W.C. 

{Brent, Francis. 19 Clarendon-place, Plymouth. 

*Brereton, Cloudesley. Breningham House, Melton Constable, Nor- 
folk. 

§Brereton, Cuthbert A., M.Inst.C.E. 21 Delahay-street, 8. W. 

*Bretherton, ©. E. 12 The Paragon, Blackheath, 8.E. 

{Brettell, Thomas. Dudley. 

{Brice, Arthur Montefiore, F.G.S., F.R.G.S. 28 Addison-mansions, 
Kensington, W. 

§Brivez, T. W., M.A., D.Se., Professor of Zoology in the Univer- 
sity, Birmingham. 

*Bridson, Joseph R. Holybourne, Alton, Hants, 

{Brierley, John, J.P. The Clough, Whitefield, Manchester. 

Brierley, Joseph. New Market-street, Blackburn. 

{Brierley, Leonard. Somerset-road, Edgbaston, Birmingham. 

{Brierley, Morgan. Denshaw House, Saddleworth. 

*Briec, Joun, M.P. Kildwick Hall, Keighley, Yorkshire. 

{Brigg, W. A. Kildwick Hall, Keighley, Yorkshire. 

{Bright, Joseph. Western-terrace, The Park, Nottingham. 


LIST OF MEMBERS. 17 


Year of 
lection. 


1868. {Brine, Admiral Lindesay, F.R.G.S. United Service Club, Pall 
Mall, S.W. 

1893. {Briscoe, Albert E.,B.Sc.,A.R.C.Sc. Municipal Technical Institute, 
Romford-road, West Ham, E. 

1884. {Brisette, M. H. 424 St. Paul-street, Montreal, Canada. 

1898. {Brisrot, The Right Rev. G. F. Browne, D.D., Lord Bishop of. 
17 The Avenue, Clifton, Bristol. 

1879. *Brirrain, W. H., J.P., F.R.G.S, Storth Oaks, Sheffield. 

1878. et James, F.L.S. Department of Botany, British Museum, 


s.W. 
1884. *Brittle, John R., M.Inst.C.E., F.R.S.E. 9 Vanbrugh-hill, Black- 
heath, S.H. 
1899, {Broadwood, Miss Bertha M. Pleystowe, Capel, Surrey. 
1899. {Broadwood, James H. E. Pleystowe, Capel, Surrey. 
1897. {Brock, W. R. ‘Toronto. 
1896. *Brocklehurst, 8. Olinda, Sefton Park, Liverpool. 
1902. *Brodhurst, Mrs. 'T. Mary. 57 Upper Berkeley-street, Portman- 
square, W. 3 
1888. *Brodie, David, M.D. 68 Hamilton-road, Highbury, N. 
1901. §Brodie, T. G. Examination Hall, Victoria Embankment, W.C. 
1884, {Brodie, William,M.D. 64 Lafayette-avenue, Detroit,Michigan,U.S.A. 
1901. {Brodie, W. Brodie, M.D., F.R.S.E. 28 Hamilton Park-terrace, 
Hillhead, Glasgow. 
1883. *Brodie-Hall, Miss W. L. 5 Devonshire-place, Eastbourne. 
1881. {Brook, Robert G. Wolverhampton House, St. Helens, Lanca- 
shire. 
1864. *Brooke, Ven. Archdeacon J. Ingham. The Vicarage, Halifax. 
1887. $Brooks, James Howard. Elm [lirst, Wilmslow, near Man- 
chester. 
1863. {Brooks, John Crosse. 14 Lovaine-place, Newecastle-on-Tyne. 
1887. tBrooks, S. H. Slade House, Levenshulme, Manchester. 
1883. *Brotherton, EK. A.,M.P. Arthington Hall, Wharfedale, via Leeds. 
1901. §Brough, Bennett H., F.LC., F.G.S. 28 Victoria-street, S.W.; and 
Cranleigh House, near Addlestone, Surrey. 
1883. *Brough, Mrs. Charles S. 12 Hillcrest-road, Sydenham, 8.E. 
1886, [Brough, Professor Joseph, LL.M., Professor of Logic and Philosophy 
in University College, Aberystwith. 
1863. *Brown, ALEXANDER Crum, M.D., LL.D., F.R.S., F.R.S.E., V.P.C.S. 
(Pres. B, 1874; Local Sec. 1871), Professor of Chemistry in the 
University of Edinburgh. 8 Belgrave-crescent, Edinburgh. 
1892. {Brown, Andrew, M.Inst.C.E. Messrs. Wm. Simons & Co., Renfrew, 
near Glasgow. 
1896. {Brown, A. T. The Nunnery, St. Michael’s Hamlet, Liverpool. 
1867. {Brown, Sir Charles Gage, M.D., K.C.M.G. 88 Sloane-street, 8. W. 
-1855. {Brown, Colin. 192 Hope-street, Glasgow. 
1871. {Brown, David. Willowbrae House, Midlothian. 
1863, *Brown, Rev. Dixon. Unthank Hall, Haltwhistle, Carlisle. 
1883. tBrown, Mrs. Ellen F. Campbell. 27 Abercromby-square, Liver- 
ool, 
1881. as Frederick D. 26 St. Giles’s-street, Oxford. 
1883. {Brown, George Dransfield. Henley Villa, Ealing, Middlesex, W. 
1883. *Brown, Mrs. H. Bienz. Overton, Crathes, Deeside, Aberdeen. 
1883. {Brown, Mrs. Helen. Canaan-grove, Newbattle-terrace, Edinbugch. 
1870. §Brown, Horace T., LL.D., F.RS., F.G.S. (Pres. B, 1909). 
52 Nevern-square, 8. W. 
1888. {Brown, Miss Isabella Spring. Canaan-grove, Newbattle-terrace, 
Edinburgh. 
1902. B 
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Year 


LIST OF MEMBERS. 


of 


Election. 


1895. 
1870. 
1876. 


1881. 
1882. 
1895. 
1894. 
1882. 
1898. 
1897. 
1886. 
1865. 
1897. 
1901. 
1896. 
1891. 


1885. 
1884. 
1868. 


1900. 
1892. 
1895. 
1879. 


1891. 
1862. 
1872. 
1902, 
1865. 
1883. 
1902. 
1892. 
1901. 
1895. 
1900. 
1865. 
1875. 


1896. 
1868. 


1897. 
1878. 
1886. 


1894. 
1884. 
1897. 


1901 
1894 
1890 
1902 


{Brown, J. ALLEN, J.P., F.RGS. F.G.S. 7 Kent-gardens,. 
Ealing, W. : 

*Brown, Professor J. CampsBett, D.Sc., F.C.S. University College 
Liverpool. f 

§Brown, Joun, F.R.S. (Local Sec. 1902). Longhurst, Dunmurry 
Belfast. ; 

*Browp, John, M.D. 20 Warrender Park-crescent, Edinburgh. 

*Brown, John. 7 Second-avenue, Nottingham. 

*Brown, John Charles. 14 Baker-street, Nottingham. 

tBrown, J. H. 6 Cambridge-road, Brighton. 

*Brown, Mrs. Mary. 20 Warrender Park-crescent, Edinburgh. 

§Brown, Nicol, F.G.S. 4 The Grove, Highgate, N. 

{Brown, Price, M.B. 37 Carlton-street, Toronto, Canada, 

§Brown, R., R.N. Laurel Bank, Barnhill, Perth. 

{Brown, Ralph. Lambton’s Bank, Newcastle-upon-Tyne. 

+ Brown, Richard. Jarvis-street, Toronto, Canada. 

§Brown, R. N. R., B.Sc. University College, Dundee. 

{Brown, Stewart H. Quarry Bank, Allerton, Liverpool. 

§Brown, T. Forster, M.Inst.C.E. (Pres. G, 1891). Springfort, Stoke 
Bishop, Bristol. ; 

{Brown, W. A. The Court House, Aberdeen. 

{Brown, William George. Ivy, Albemarle Co,, Virginia, U.S.A. 

{Browne, Sir Benjamin Chapman, M.Inst.C.E. Westacres, New- 
castle-upon-Tyne. 

*Browne, Frank Balfour. The Cottage, Catfield, Great Yarmouth. 

{ Browne, Harold Crichton. Crindon, Dumfries. 

*Browne, H. T. Doughty. 10 Hyde Park-terrace, W. 

{Browne, Sir J. Crtcwron, M.D.,LL.D., F.R.S., F.R.S.E. 61 Carlisle- 
place-mansions, Victoria-street, SAWVs 

{Browne, Monracu, F.G.S. Town Museum, Leicester. 

*Browne, Robert Clayton, M.A. Browne’s Hill, Carlow, Ireland. 

{Browne, R. Mackley, F.G.S. Redcot, Bradbourne, Sevenoaks, Kent. 

§Browne, W. J. Templemore Park, Londonderry. 

{Browning, John, F.R.A.S. 63 Strand, W.O. : 

tBrowning, Oscar, M.A. King’s College, Cambridge. 

§Bruce-Kingsmill, Captain J., R.A. Royal Arsenal, Woolwich. 

{Bruce, James. 10 Hill-street, Edinburgh. 

tBruce, John. Inverallan, Helensburgh. 

{Bruce, William 8. 11 Mount Pleasant, Joppa, Edinburgh. 

*Brumm, Charles. Lismara, Grosvenor-road, Birkdale, Southport. 

*Brunel, H. M., M.Inst.C.E. 21 Delahay-street, Westminster, S.W. 

ican John, M.Inst.C.E. 12 Victoria-street, Westminster, 


*Brunner, Sir J.T., Bart., M.P. Druid’s Cross, Wavertree, Liverpool. 

{ Brunton, Sir T. Lavpsr, M.D., D.Se., F.R.S. 10 Stratford-place 
Oxford-street, W. d 

*Brush, Charles F. Cleveland, Ohio, U.S.A. 

{Brutton, Joseph. Yeovil. 

*Bryan, G. HL, D.Sc, F.R.S., Professor of Mathematics in 
University College, Bangor. 

{Bryan, Mrs. R. P. Plas Gwyn, Bangor. 

{Bryrcp, Rey. Professor Grorce. Winnipeg, Canada. 

{Brycg, Right Hon. J ames, D.C.L.,M.P., F.R.S. 54Portland-place, W. 

. §Bryce, Thomas H. 2 Granby-terrace, Hillhead, Glasgow. 

. {Brydone, R. M._ Petworth, Sussex. 

. §Bubb, Henry. Ullenwood, near Cheltenham. 

. *Bubb, Miss E. Maude. Ullenwood, near Cheltenham. 


LIST OF MEMBERS. 19 


Year of 
Election. 


1871. 


1867. 
1901. 
1881. 
1871. 


1884. 
1902. 
1885. 
1886. 
1886. 
1884. 


1851. 
1887. 


1901. 
1875. 
1883. 
1893. 
1871. 
1883. 
1895. 
1886. 
1842. 
1869. 
1881. 


1891. 
1894. 
1884. 


1899. 


1888. 
18853. 


1876. 
1885. 


1877. 
1884. 


1899. 
1887. 
1860. 
1894. 
1891. 
1888. 
1888. 
1894. 
1866. 


1889. 
1897. 


§Bucuan, ALEXANDER, M.A., LL.D., F.R.S., F.R.S.E., Sec. Scottish 
Meteorological Society. 42 Heriot-row, Edinburgh. 

{Buchan, Thomas. Strawberry Bank, Dundee. 

{Buchanan, James, M.D. 12 Hamilton-drive, Maxwell Park, Glasgow. 

*Buchanan, John H., M.D. Sowerby, Thirsk. 

tBucwanan, Joun Younes, M.A.,, F.R.S., F.RS.E., F.R.GS., F.C.S, 
Christ’s College, Cambridge. 

{Buchanan, W. Frederick. Winnipeg, Canada. 

*Buchanan, Miss, D.Sc. Birchvale, Brodrick, Isle of Man. 

{Buckland, Miss A. W. 5 Beaumont-crescent, West Kensington, W. 

*Buckle, Edmund W. 23 Bedford-row, W.C. 

tBuckley, Samuel. Merlewood, Beaver Park, Didsbury. 

*Buckmaster, Charles Alexander, M.A., F.C.S. 16 Heathfield-road, 
Mill Hill Park, W. 

*Bucxton, Groner Bowpter, F.R.S., F.L.S., F.C.S. Weycombe, 
Haslemere, Surrey. 

tBudenberg, C. F., B.Sc. Buckau Villa, Demesne-road, Whalley 
Range, Manchester. 

{Budgett, J. S. Trinity College, Cambridge. 

{Budgett, Samuel. Penryn, Beckenham, Kent. 

{Buick, Rev. George R., M.A. Cullybackey, Co. Antrim, Ireland. 

§BuLLEDD, ARTHUR, F.S.A. Glastonbury. 

{Bulloch, Matthew. 48 Prince’s-gate, 8. W. 

{Bulpit, Rev. W. T. _Crossens Rectory, Southport. 

{Bunte, Dr. Hans. Karlsruhe, Baden. 

§Bursury, S. H., M.A., F.R.S. 1 New-square, Lincoln’s Inn, W.C, 

*Burd, John. Glen Lodge, Knocknerea, Sligo. 

{Burdett-Coutts, Baroness. 1 Stratton-street, Piccadilly, W. 

{Burdett-Coutts, William Lehmann, M.P. 1 Stratton-street, Picca- 
dilly, W. 

{Burge, Very Rev. T. A. Ampleforth Cottage, near York. 

{Burxe, Joan B. B. Trinity College, Cambridge. 

*Burland, Lieut.-Col. Jeffrey H. 824 Sherbrook-street, Montreal, 
Canada. 

Sino a T. Care of Messrs. H. 8. King & Co., Cornhill, 

C 


{Burne, H. Holland. 28 Marlborough-buildings, Bath. 

*Burne, Major-General Sir Owen Tudor, G.C.LE., K.C.8S.L, F.R.G.S. 
132 Sutherland-gardens, Maida Vale, W. 

tBurnet, John. 14 Victoria-crescent, Dowanhill, Glasgow. 

*Burnett, W. Kendall, M.A. Migvie House, North Silver-street, 
Aberdeen. 

{Burns, David. Alston, Carlisle. 

{Burns, Professor James Austin. Southern Medical College, Atlanta, 
Georgia, U.S.A. 

tBurr, Malcolm. Dorman’s Park, East Grinstead. 

+Burroughs, Eggleston, M.D. Snow Hill-buildings, E.C. 

{Burrows, Montague, M.A. Oxford. 

{Burstall, H. F. W. 76 King’s-road, Camden-road, N.W. 

{Burt, J. J. 103 Roath-road, Cardiff. 

{Burt, Sir John Mowlem. 3 St. John’s-gardens, Kensington, W. 

{Burt, Lady. 3 St. John’s-gardens, Kensington, W. 

{Burton, Charles V. 24 Wimpole-street, W. 

*Burron, Freperice M., F.LS., F.G.S. Highfield, Gainsborough, 
Lincolnshire. 

tBurton, Rev. R. Lingen. Little Aston, Sutton Coldfield. 

{Burton, S. H., M.B. 50 St. Giles’s-street, Norwich. 
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LIST OF MEMBERS. 


Year or 
Election. 


1892. 
1897. 


1887. 
1899. 
1895. 
1878. 
1884. 


1884, 
1884. 
1872. 
1887. 
1881. 
1868. 
1872. 


1854, 
1899. 
1862. 
1883. 


1889, 


1892. 
1894. 
1863. 
1861. 
1901. 
1868. 
1887, 


1897. 


1892. 
1901. 
1884. 
1857. 
1896. 
1884. 
1870. 
1901. 
1884. 
1876. 


1897. 
1901. 
1898. 
1902. 
1897. 
1882. 
1890. 


{Burton-Brown, Colonel Alexander, R.A., F.R.A.S., F.G.S. 11 
Union-crescent, Margate. 

{Burwash, Rev. N., LL.D., Principal of Victoria University, 
Toronto, Canada. 

*Bury, Henry. Mayfield House, Farnham, Surrey. 

§Bush, Anthony. 48 Portland-road, Nottingham, 

§Bushe, Colonel C. K., F.G.S. 19 Cromwell-road, S.W. 

tBorcner, J. G., M.A. 22 Collingham-place, S.W. 

*Butcher, William Deane, M.R.C.S.Eng. Holyrood, 5 Cleveland- 
road, Ealing, W. 

TButler, Matthew I. Napanee, Ontario, Canada. 

*Butterworth, W. Park-avenue, Temperley, near Manchester. 

t{Buxton, Charles Louis. Cromer, Norfolk. 

*Buxton, J. H. Clumber Cottage, Montague-road, Felixstowe. 

{Buxton, Sydney C., M.P. 15 Eaton-place, S.W. 

tBuxton, S. Gurney. Catton Hall, Norwich. 

{Buxton, Sir Thomas Fowell, Bart., G.C.M.G., F.R.G.S. Wazrlies, 
Waltham Abbey, Essex. 

{Byzrtey, Isaac, F.L.S. 22 Dingle-lane, Toxteth Park, Liverpool. 

§ Byles, Arthur R. ‘Bradford Observer,’ Bradford, Yorkshire. 

{Byrne, Very Rev. James. Ergenagh Rectory, Omagh. 

{Byrom, John R. Mere Bank, Fairfield, near Manchester. 


{Cackett, James Thoburn. 60 Larkspur-terrace, Newcastle-upon- 


ne. 

{Cadell Henry M., B.Sc., F.R.S.E. Grange, Bo'ness, N.B. 

{Caillard, Miss E. M. Wingfield House, near Trowbridge, Wilts. 

*Caird, Edward. Finnart, Dumbartonshire. 

*Caird, James Key. 8 Roseangle, Dundee. 

{Caldwell, Hugh. Blackwood, Newport, Monmouthshire. 

tCaley, A. J. Norwich. 

t{CaLtaway, Cuartss, M.A., D.Se., F.G.S. 16 Montpellier-villas, 
Cheltenham. 

§CatLEnDaR, Prof. Huen L., M.A., F.R.S. (Council, 1900-  ). 
2 Chester-place, Regent’s Park, N.W. 

{Calvert, A. F., F.R.G.S. Royston, Eton-avenue, N.W. 

{Calvert, H. T. Roscoe-terrace, Armley, Leeds. 

{Cameron, Aneas. Yarmouth, Nova Scotia, Canada. 

{Cameron, Sir Cuartzs A., C.B., M.D. 15 Pembroke-road, Dublin. 

§Cameron, Irving H. 307 Sherbourne-street, Toronto, Canada. 

tCameron, James C., M.D. 41 Belmont-park, Montreal, Canada. 

{Cameron, John, M.D. 17 Rodney-street, Liverpool. 

§Campbell, Archibald. Springfield Quay, Glasgow. 

{Campbell, Archibald H. Toronto, Canada. 

{Campbell, Right Hon. James A., LL.D., M.P. Stracathro House, 
Brechin. 

Campbell, John Archibald, M.D., F.R.S.E.  Albyn-place, 

Edinburgh. ; 

{Campbell, Major J.C. L. New Club, Edinburgh. 

{Campbell, M. Pearce. 9 Lynedoch-crescent, Glasgow. 

{Campbell, Mrs. Namer. 81 Ashley-gardens, S.W. 

§Campbell, Robert. 21 Great Victoria-street, Belfast. 

tCampion, B. W. Queen’s College, Cambridge. 

{Candy, F. H. 71 High-street, Southampton. 

tCannan, Epwin, M.A., LL.D., F.S.8. (Pres. F, 1902). 1 Wel- 
lington-square, Oxford. 
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Year of 
Election. 


1897. 
1888. 
1894. 


1887. 
1873. 


1896, 
1901. 


1877. 
1898, 
1901. 


§Cannon, Herbert. Woodbank, Erith, Kent. 

{Cappel, Sir Albert J. L., K.0.1.E. 27 Kensington Court-gardens, W. 

§Caprer, D. S., M.A., Professor of Mechanical Engineering in King’s 
College, W.C. 

tCarsrick, Jonn Watton. Trinity College, Cambridge. 

*Carsort, Sir Epwarp Hamer, Bart., M.Inst.C.E. 19 Hyde Park- 
gardens, W. 

*Carden, H. V. Balinveney, Bookham, Surrey. 

§Cargill, David Sime. 9 Park-terrace, Glasgow. 

{Carkeet, John. 3 St. Andrew’s-place, Plymouth. 

tCarlile, George M. 7 Upper Belgrave-road, Bristol. 

TCarlile, W. Warrand. Harlie, Largs, Ayrshire. 


1867. {Carmichael, David (Engineer).. Dundee. 


1876. 


tCarmichael, Niel, M.D. !77 Nitherdale-road, Pollokshields, 


Glasgow. 

1897. {Carmichael, Norman R. Queen’s University, Kingston, Ontario, 
Canada. 

1884. {Carnegie, John. Peterborough, Ontario, Canada. 


1902. §Carpenter, G. H., B.Sc. Science and Art Museum, Dublin. 


1884, 
1897. 
1889. 
18953. 


1889. 


{Carpenter, Louis G. Agricultural College, Fort Collins, Colorado, 
U.S.A 


{Carpenter, R. C. Cornell University, Ithaca, New York, U.S.A. 

tCarr, Cuthbert Ellison. Hedgeley, Alnwick. 

tCarr, J. Westey, M.A., F.LS., F.G.S., Professor of Biology in 
University College, Nottingham. 

tCarr-Ellison, John Ralph. Hedgeley, Alnwick. 


1867. {CarRuTHERS, WitiaM, F.R.S., F.L.S., F.G.S. (Pres. D, 1886). 


1886. 


14 Vermont-road, Norwood, S.E. 
tCarstakE, J. Barwam (Local Sec. 1886). 30 Westfield-road, 
Birmingham. 


1899. §Carslaw, H. S., D.Sc., Professor of Mathematics in the University 


1883. 
1868. 
1897. 


1866, 


1870. 


of Sydney, N.S. W. 
{Carson, John. 41 Royal-avenue, Belfast. 
*Carteighe, Michael, F.C.S., F.I.C. 180 New Bond-street, W. 
{Carter, E. Tremlett. ‘The Electrician,’ Salisbury-court, Fleet- 
street, E.C. 
Carter, H. H. The Park, Nottingham. 
{Carter, Dr. William. 78 Rodney-street, Liverpool. 


1900, *Carter, Rev. W. Lower, M.A., F.G.S. Hopton, Mirfield. 


1896. 


§Cartwright, Miss Edith G. 21 York Street-chambers, Bryanston- 
square, W. 


1878. *Cartwright, Ernest H., M.A., M.D. 1 Bower-terrace, Maidstone. 
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the University of Cambridge. Langdale Lodge, Cam- 
bridge. { 

tEwing, James L. 52 North Bridge, Edinburgh. 

*Eyerman, John, F.Z.S. Oakhurst, Easton, Pennsylvania, U.S.A 
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{Field, George Wilton, Ph.D. Experimental Station, Kingston 
Rhode Island, U.S.A. Ri 
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{Forsytu, A. R., M.A., D.Sc., F.R.S. (Pres. A, 1897), Sadlerian 
Professor of Pure Mathematics in the University of Cambridge. 
Trinity College, Cambridge. 

{Forsyth, D. Central Higher Grade School, Leeds. 

{Fort,George H. Lakefield, Ontario, Canada. 

{Forrxscur, The Right Hon. the Earl. Castle Hill, North Devon. 

{Forwoop, Sir Witt1aAM B., J.P. Ramleh, Blundellsands, Liverpool. 

{Foster, A. Le Neve. 51 Cadogan-square, 'S.W. 

tFoster, Sir B. Walter, M.D., M.P. 16 Temple-row, Birmingham. 

*FosrEr, Crrement LE Neves, ’B. A., D.Sc., F.R.S., F.G.8., Professor of 
Mining i in the Royal College of Scicnee, London. 

{Foster, Mrs. C. Le Neve. 

*FosTER, GEORGE CaREY, B.A., LL.D., D.Sc, F.R.S. (GENERAL 
TREASURER, 1898— ; Pres, A, 1877; Council 1871-76, 1877- 
82). Ladywalk, Rickmansworth. 

{Foster, Miss Harriet. Cambridge Training College, Wollaston-road, 
Cambridge. 

*Fosrer, Sir Mrcwart, K.C.B., M.P., M.A., M.D., LL.D., D.C.L., 
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1894, 
1898. 
18658. 
1883. 
1885. 
1890. 
1881. 
1890. 


1896, 
1887. 
1871. 
1875. 


1877. 
1883. 
1883. 
1862. 


1899. 
1868. 
1881. 


1872. 
1884, 


1888. 
1842. 


*Hanbury, Daniel. La Mortola, Ventimiglia, Italy. 

tHanbury, Thomas, F.L.S. La Mortola, Ventimiglia, Italy. 

tHance, Edward M., LL.B. Municipal Offices, Liverpool.” 

tHancock, C. F., M.A. 125 Queen’s-gate, 8. W. 

t{Hancock, Harris. University of Chicago, U.S.A. 

tHancock, Walter. 10 Upper Chadwell-street, Pentonville, F.C. 

tHankin, Ernest Hanbury. St. John’s College, Cambridge. 

tHannaford, E. P.,M.Inst.C.E. 2573 St, Catherine-street, Montreal. 

§Hannah, Robert, F.G.S. 82 Addison-road, W. 

§Hansford, Charles, J.P. Englefield House, Dorchester. 

here Adam, B.A. 5 Ravenhill-terrace, Ravenhill-road, Bel- 
ast. 

*Harcourt, A. G. Vernon, M.A., D.C.L., LL.D., F.R.S., V.P.C.S. 
(Gnn. Src. 1883-97; Pres. B, 1875; Council 1881-83). 
St. Clare, Ryde, Isle of Wight. 

*Harcourt, L. F. Vernon, M.A., M.Inst.C.E. (Pres. G, 1895; 
Council 1895-1901). 6 Queen Anne’s-gate, S.W. 

{Harcourt, Hon. R., K.C., Minister of Education for the Province of 
Ontario. Toronto, Canada. 

ht Basil W., F.S.S. 12 Gainsborough-gardens, Hampstead, 

W 


§Hardcastle, Miss Frances. 141 Huntingdon-road, Cambridge. 

*Harpen, ArtHur, Ph.D., M.Sc. Jenner Institute of Preventive 
Medicine, Chelsea-gardens, Grosvenor-road, S. W. 

{Harding, Stephen. Bower Ashton, Clifton, Bristol. 

{Harding, William D. Islington Lodge, King’s Lynn, Norfolk. 

{Hardman, 8. C. 120 Lord-street, Southport. 

tHare, A. T., M.A. Neston Lodge, East Twickenham, Middlesex. 

tHare, Mrs. Neston Lodge, East Twickenham, Middlesex. 

{Harford, W. H. Oldown House, Almondsbury. 

{Hargrave, James. Burley, near Leeds. 

{Hargreaves, Miss H. M. 69 Alexandra-road, Southport. 

tHargreaves, Thomas. 69 Alexandra-road, Southport. 

{Hargrove, Rev. Charles. 10 De Grey-terrace, Leeds. 

{Hargrove, William Wallace. St. Mary’s, Bootham, York. 

ee Atrred, M.A., F.R.S., F.G.S. St. John’s College, Cam- 

ridge. 

{Harker, Dr. John Allen. Springfield House, Stockport. 

{Harker, T. H. Brook House, Fallowfield, Manchester. 

{ Harkness, William, F.C.S. 1 St. Mary’s-road, Canonbury, N. 

*Harland, Rev. Albert Augustus, M.A., F.G.S., F.L.S.,F.S.A. The 
Vicarage, Harefield, Middlesex. 

*Harland, Henry Seaton. 8 Arundel-terrace, Brighton. 

*Harley, Miss Clara. Rosslyn, Westbourne-road, Forest Hill, S.E. 

*Harley, Harold. 14 Chapel-street, Bedford-row, W.C. 

*Haregy, Rev. Rosert, M.A., F.R.S., F.R.A.S. Rosslyn, West- 
bourne-road, Forest Hill, 8.E. 

tHarman, Dr. N. Bishop. St. John’s College, Cambridge. 

*Harmer, F. W., F.G.S. Oakland House, Cringleford, Norwich. 

*Harwer, Srpney F., M.A., D.Sc., F.R.S. King’s College, Cam- 
bridge. 

tHarpley, Rev. William, M.A. Olayhanger Rectory, Tiverton. 

tHarrington, B. J., B.A., Ph.D., F.G.S., Professor of Chemistry and 
Mineralogy in McGill University, Montreal. University-street, 
Montreal, Canada. 

tHarris, C.T. 4 Kilburn Priory, N.W. 

*Harris, @. W., M.Inst.C.E. Millicent, South Australia. 
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1889. 


1898, 
1888. 
1860. 
1889. 
1858. 
1892. 


1870. 


1855. 
1892. 
1895. 
1901. 
1886. 


1885. 


1876. 
1875. 
1893. 
1897. 
1871. 


1896. 
1886. 
1887. 
1897. 
1898. 
1885. 
1862. 
1884. 
1893. 
1875. 
1889. 
1893. 
1887. 
1872. 
1864. 


1897. 


1889. 
1887. 
1890. 
1861. 


1885. 


1891. 
1900. 
1894. 
1896. 
1896. 


§Harris, H. Grawam, M.Inst.C.E. 5 Great George-street, West- 
minster, S.W. 

{Harrison, A. J., M.D. Failand Lodge, Guthrie-road, Clifton, Bristol. 

{Harrison, Charles, 20 Lennox-gardens, 8. W. 

tHarrison, Rev. Francis, M.A. North Wraxall, Chippenham. 

tHarrison, J.C. Oxford House, Castle-road, Scarborough. 

*Harrison, J. Park, M.A. 22 Connaught-street, Hyde Park, W. 

tHarrison, JoHn (Local Sec. 1892). Rockville, Napier-road, 
Edinburgh. 

tHarrison, Rearnatp, F.R.O.S. (Local Sec. 1870). 6 Lower 
Berkeley-street, Portman-square, W. 

tHarrison, Robert. 36 George-street, Hull. 

tHarrison, Rev. S. N. Ramsey, Isle of Man. 

{Harrison, Thomas. 48 High-street, Ipswich. 

*Harrison, W. E. 43 Mostyn-road, Handsworth, Staffordshire. 

tHarrison, W. Jerome, F.G.S. Board School, Icknield-street, Bir- 


mingham. 

tHarr, Colonel C. J. (Local Sec. 1886.) Highfield Gate, Edgbaston, 
Birmingham. 

*Hart, Thomas. Brooklands, Blackburn. 

tHart, W. E. Kilderry, near Londonderry. 

*Harriann, E. Srpney, F.S.A. Highgarth, Gloucester. 

{Hartley, E.G. S. Wheaton Astley Hall, Stafford. 

*HartLey, WALTER NoEt, D.Sc., F.R.S., F.R.S.E., F.0.8., Professor 
of Chemistry in the Royal College of Science, Dublin. 36 Water- 
loo-road, Dublin. 

tHartley, W. P., J.P. Aintree, Liverpool. 

*Hartoe, Professor M. M., D.Sc. Queen’s College, Cork, 

tHartoe, P. J., B.Sc. Owens College, Manchester. 

tHarvey, Arthur. Rosedale, Toronto, Canada. 

tHarvey, Eddie. 10 The Paragon, Clifton, Bristol. 

§Harvie-Brown, J. A. Dunipace, Larbert, N.B. 

*Harwood, John. Woodside Mills, Bolton-le-Moors. 

{Haslam, Rev. George, M.A. Trinity College, Toronto, Canada. 

§Haslam, Lewis. 44 Evelyn-gardens, S.W. 

*Hasrines, G. W. (Pres. F,1880.) Chapel House, Chipping Norton. 

{Hatch, F. H., Ph.D., F.G.S. 28 Jermyn-street, 5,W. 

tHatton, John L. 8. People’s Palace, Mile End-road, E. 

*Hawkins, William. Earlston House, Broughton Park, Manchester. 

*Hawkshaw, Henry Paul. 58 Jermyn-street, St. James’s, S.W. 

*HawxsHaw, JoHN Onarks, M.A., M.Inst.C.E., F.G.S. (Council 
1881-87). 22 Down-street, W., and 33 Great George- 
street, S. W. 

§Hawxstey, Onaries, M.Inst.C.E. (Council, 1902- ). 60 Por- 
chester-terrace, W. 

tHaworth, George C. Ordsal, Salford. 

*Haworth, Jesse. Woodside, Bowdon, Cheshire. 

tHawtin, J.N. Sturdie House, Roundhay-road, Leeds. 

*Hay, Admiral the Right Hon. Sir Joun C. D., Bart., G.O.B., 
D.C.L., F.R.S. . 108 St. George’s-square, S. W. 

*Hayorarr, Joun Berry, M.D., B.Sc., F.R.S.E., Professor of Physi- 
ology. University College, Cardiff. 

{Hayde, Rev. J. St. Peter’s, Cardiff. 

§Hayden, H. H. Geological Survey, Calcutta, India. 

{Hayes, Edward Harold. 5 Rawlinson-road, Oxford, 

tHayes, Rev. F.C. The Rectory, Raheny, Dublin. 

{Hayes, William. Fernyhurst, Rathgar, Dublin. 
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1873 


1898, 
1858. 
1896, 
1879. 
1883. 
1883. 
1883. 
1883. 
1883. 
1882. 
1877. 
1877. 
1898. 
1902. 
1898. 
1884. 
1902. 
1883. 
1892, 


1889. 
1884, 


1888. 
1888. 


1855. 
1887. 
1881. 


1901. 
1887. 
1897. 
1899. 
1867. 
1875. 
1883. 
1901. 
1891. 


1892. 
1885. 
1880. 
1896. 
1873. 


1892. 
1855. 


*Hayes, Rev. William A., M.A. Dromore, Co. Down, Ireland. 
tHayman, C. A. Kingston Villa, Richmond Hill, Clifton, Bristol. 
*FAYWARD, R. B., M.A., F.R.S. Ashcombe, Shanklin, Isle of Wight. 
*Haywood, A.G. Rearsby, Merrilocks-road, Blundellsands, 
*Hazelhurst, George S. The Grange, Rockferry. 

tHeadley, Frederick Halcombe. Manor House, Petersham, S.W. 

{Headley, Mrs. Marian. Manor House, Petersham, S.W. 

tHeadley, Rev. Tanfield George. Manor House, Petersham, S.W. 

tHeape, Charles. Tovrak, Oxton, Cheshire. 

{Heape, Joseph R. Glebe House, Rochdale. 

*Heape, Walter, M.A. Heyroun, Chaucer-road, Cambridge. 

tHearder, Henry Pollington. Westwell-street, Plymouth. 

{Hearder, William Keep. 195 Union-street, Plymouth. 

*Heath, Rev. Arthur J. 71 St. Michael’s-hill, Redland, Bristol. 

§Heath, J. W. 33 Upper Gloucester-place, Dorset-square, N.W. 

tHeatn, R.S., M.A., D.Sc. The University, Birmingham. 

tHeath, Thomas, B.A. Royal Observatory, Edinburgh. 

§Heathorn, Captain T. B., R.A, 10 Wilton-place, Knightsbridge,S. W. 

{Heaton, Charles. Marlborough House, Hesketh Park, Southport. 

*Heaton, Witt1aAmM H., M.A. (Local Sec. 1893), Professor of 
Physics in University College, Nottingham. 

*Heaviside, Arthur West. 7 Grafton-road, Whitley, Newcastle-upon- 
Tyne. 

gHeaviside, Rev. George, B.A., F.R.G.S., F.R.Hist.S. 7 Grosvenor- 
street, Coventry. 

*Heawood, Edward, M.A. 3 Underhill-road, Lordship-lane, S.E. 

*Heawood, Percy J., Lecturer in Mathematics at Durham University. 
41 Old Elvet, Durham. 

tHxcror, Sir James, K.C.M.G., M.D., F.R.S., F.G.S., Director of the 
Geological Survey of New Zealand. Wellington, New Zealand. 

*Hepers, KittrvewortH, M.Inst.C.E, 10 Cranley-place, South 
Kensington, S.W. 

*Hete-Suaw, H. S., LL.D., F.R.S., M.Inst.C.E., Professor of Engi- 
neering in University College, Liverpool. 27 Ullet-road, 
Liverpool. 

§Heller, W. M., B.Sc. 18 Belgrave-square, Monkstown, Co. Dublin. 

§Hembry, Frederick William, F.R.M.S. Langford, Sidcup, Kent, 

§Hemming, G. W., K.C. 2 Karl’s Court-square, S.W. 

§Hemsalech, G. A., D.Sc. 507 Stretford-road, Manchester. 

tHenderson, Alexander. Dundee. 

*Henderson, A. L. Westmoor Hall, Brimsdown, Middlesex. 

tHenderson, Mrs. A. L. Westmoor Hall, Brimsdown, Middlesex. 

§Henderson, Rev. Andrew, LL.D. Castle Head, Paisley. 

*Henperson, G.G., D.Sc., M.A.,F.C.S., F.LC., Professor of Chemistry 
in the Glasgow and West of Scotland Technical College. 204 
George-street, Glasgow. 

tHenderson, John. 3 St. Catherine-place, Grange, Edinburgh. 

tHenderson, Sir William. Devanha House, Aberdeen. 

“Henderson, Rear-Admiral W. H.,R.N. Royal Dockyard, Devonport. 

{Henderson, W. Saville, B.Sc. Beech Hill, Fairfield, Liverpool. 

*Henrici, Oraus M. F. E., Ph.D., F.R.S. (Pres. A, 1883; Council, 
1883-89), Professor of Mechanics and Mathematics in the City 
and Guilds of London Institute, Central Institution, Exhibition- 
road, S.W. 9384 Clarendon-road, Notting Hill, W. 

{Hepsourn, Davin, M.D., F.R.S.E. The University, Edinburgh. 

*Hepburn, J. Gotch, LL.B., F.C.S. Oakfield Cottage, Dartford 
Heath, Kent. 
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Year of 
Election. 


1890. 
1890. 
1892. 


1902. 
1887. 


18938. 
1891. 
1871. 


1874. 


1900. 
1900. 
1895. 


1894. 
1894. 


1896. 
1893. 
1885. 
1882. 
1883. 


1866. 
1897. 
1901. 
1879. 
1886. 
1887. 
1888. 
1898. 
1877. 


1886. 
1884. 
1887. 


1864. 
1891. 


1885. 
1898. 


1881. 
1887. 
1884. 


tHepper, J. 48 Cardigan-road, Headingley, Leeds. 

t{Hepworth, Joseph. 25 Wellington-street, Leeds. 

*HERBERTSON, ANDREW J., Ph.D., F.R.S.E., F.R.G.S. 9 Staverton- 
road, Oxford. 

§Herdman, G. W., B.Se., Assoc.M.Inst.C.E. 2 Fyfield-road, 
Enfield. 

*Herpman, Witiiam A., D.Sce., F.R.S., F.R.S.E., F.L.S. (Pres. D, 
1895; Council, 1894-1900; Local Sec. 1896), Professor of 
Natural History in University College, Liverpool. Croxteth 
Lodge, Sefton Park, Liverpool. 

*Herdman, Mrs. Croxteth Lodge, Sefton Park, Liverpool. 

tHern, S. South Cliff, Marine Parade, Penarth. 

*HeErscHet, ALEXANDER §., M.A., D.C.L., F.R.S., F.R.A.S., Honorary 
Professor of Physics and Experimental Philosophy in the Uni- 
versity of Durham. Observatory House, Slough, Bucks. 

§HerscuEL, Colonel Jonn, R.E., F.RS., F.R.A.S. Observatory 
House, Slough, Bucks. 

*Herschel, J.C. W. Littlemore, Oxford. 

tHerschel, Sir W. J., Bart. Littlemore, Oxford. 

§Hesketh, James. Scarisbrick Avenue-buildings, 107 Lord-street, 
Southport. 

{Hewerson, G. H. (Local Sec. 1896). 39 Henley-road, Ipswich. 

tHewins, W. A. S., M.A., F.S.S. Professor of Political Economy in 

King’s College, Strand, W.C. 

§Hewitt, David Basil. Oakleigh, Northwich, Cheshire. 

tHewitt, Thomas P. Eccleston Park, Prescot, Lancashire. 

t{Hewson, Thomas. Junior Constitutional Club, Piccadilly, W. 

tHzycock, Cartes T., M.A., F.R.S, King’s College, Cambridge. 

§Heyes, Rev. John Frederick, M.A., F.R.G.S. 90 Arkwright-street, 
Bolton. 

*Heymann, Albert. West Bridgford, Nottinghamshire. 

tHeys, Thomas. 130 King-street West, Toronto, Canada. 

*Heys, Z. John. Stonehouse, Barrhead, N.B. 

tHeywood, Sir A. Percival, Bart. Duffield Bank, Derby. 

{Hxrywoop, Henry, J.P. Witla Oourt, near Cardiff. 

tHeywood, Robert. Mayfield, Victoria Park, Manchester. 

{Hichens, James Harvey, M.A. The School House, Wolverhampton. 

§Hicks, Henry B. 44 Pembroke-road, Clifton, Bristol. 

§Hicxs, Professor W. M., M.A., D.Sc., F.R.S. (Pres. A, 1895), 
Principal of University College, Sheffield. Dunheved, Endcliffe- 
crescent, Sheffield. 

{Hicks, Mrs. W. M. Dunheved, Endcliffe-crescent, Sheffield. 

tHickson, Joseph. 272 Mountain-street, Montreal, Canada. 

*Hrcxson, Sypney J., M.A., D.Sc., F.R.S., Professor of Zoology in 
Owens College, Manchester. 

*Hiern, W.P., M.A. The Castle, Barnstaple. 

tHices, Heyry, LL.B., F.S.S. (Pres. F, 1899), H.M. Treasury, 
Whitehall, 8. W. 

*Hitt, Arexanper, M.A., M.D. Downing College, Cambridge. 

tHill, Charles. Clevedon. g 

*Hill, Rev. Canon Edward, M.A. Sheering Rectory, Harlow. 

*Hit, Rev. Epwin, M.A. The Rectory, Cockfield, Bury St. 
Edmunds. 

{Hill, G. H., M.Inst.C.E., F.G.S. Albert-chambers, Albert-square, 
Manchester. 

{Hill, Rev. James Edgar, M.A., B.D. 2488 St. Catherine-street, 
Montreal, Canada, 


Yeur of 
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Election. 


1886. 


1885, 
1898. 
1888. 
1876. 
1885. 


1886. 
1887. 
1870. 


1883, 
1888. 
1898, 
1886. 


1881. 
1884. 


1900. 
1884, 
1899, 
1879. 


1887. 
1883. 
1883. 
1877. 
1876. 
1863. 
1887. 


1896. 
1880, 


1884. 
1863. 
1898. 
1896. 
1894, 
1894, 
1883. 
1883. 
1883. 
1884. 
1887. 
1896, 
1900. 


1887. 
1891. 


1896. 


1898 
1889 


tHitt, M. J. M., M.A., D.Se., F.R.S., Professor of Pure Mathematics 
in University College, W.C. 

*Hill, Sidney. Langford House, Langford, Bristol. 

*Hill, Thomas Sidney. Langford House, Langford, Bristol. 

{Hill, William. Hitchin, Herts. 

TtHill, William H. Barlanark, Shettleston, N.B. 

*Hitrmovse, Wir1aM, M.A., F.L.S., Professor of Botany in the Uni- 
versity, Birmingham. 16 Duchess-road, Edgbaston, Birmingham. 

§Hillier, Rev. E. J. Cardington Vicarage, near Bedford. 

tHilton, Edwin. Oak Bank, Fallowfield, Manchester. 

{Hinng, G. J., Ph.D., F.RS., F.G.S. Ivythorn, Avondale-road, 
South Croydon, Surrey. 

*Hindle, James Henry. 8 Cobham-street, Accrington. 

*Hindmarsh, William Thomas, F.L.S. Alnbank, Alnwick. 

§Hinds, Henry. 57 Queen-street, Ramsgate. 

{Hingley, Sir Benjamin, Bart. Hatherton Lodge, Cradley, Wor- 
cestershire. 

tHingston, J.T. Clifton, York. 

{Hineston, Sir WittiAm Hates, M.D., D.C.L. 37 Union-avenue. 
Montreal, Canada. i 

§Hinks, Arthur R., M.A. 10 Huntingdon-road, Cambridge. 

tHirschfilder,C. A. Toronto, Canada. 

§Hobday, Henry. Hazelwood, Crabble Hill, Dover. 

{Hobkirk, Charles P., F.L.S. The Headlands, Scotland-lane, Hors- 
forth, near Leeds. 

*Hobson, Bernard, M.Sc., F.G.S. Tapton Elms, Sheffield. 

tHobson, Mrs. Carey. 5 Beaumont-crescent, West Kensington, W. 

tHobson, Rev. E. W. 55 Albert-road, Southport. 

tHodge, Rev. John Mackey, M.A. 38 Tavistock-place, Plymouth, 

tHodges, Frederick W. Queen’s College, Belfast. 

*Hopexrn,THomas, B.A.,D.C.L. Benwell Dene, Newcastle-upon-Tyne. 

*Hodgkinson, Alexander, M.B., B.Sc., Lecturer on Laryngology at 
Owens College, Manchester. 18 St. John-street, Manchester. 

tHodgkinson, Arnold. 22 Park-road, Southport. 

§Hodgkinson, W. R. Eaton, Ph.D’, F.R.S.E., F.G.S., Professor of 
Chemistry and Physics in the Royal Artillery College, Woolwich. 
18 Glenluce-road, Blackheath, S.E. 

{Hodgson, Jonathan. Montreal, Canada. 

tHodgson R. W. 7 Sandhill, Newcastle-upon-Tyne. 

tHodgson, T. V. Municipal Museum and Art Gallery, Plymouth. 

{tHodgson, Dr. Wm., J.P. Helensville, Crewe. 

tHogg, A. F., M.A. 18 Victoria-road, Darlington. 

tHolah, Ernest. 5 Crown-court, Cheapside, E.C. 

{ Holden, Edward. Laurel Mount, Shipley, Yorkshire. 

tHolden, James. 12 Park-avenue, Southport. 

{Holden, John J. 73 Albert-road, Southport. 

tHolden, Mrs. Mary E, Dunham Ladies’ College, Quebec, Canada. 

*Holder, Henry William, M.A. Sheet, near Petersfield. 

tHolder, Thomas. 2 Tithebarn-street, Liverpool. 

§Hoxpicu, Colonel Sir THomas H., R.E., K.C.B., K.C.L.E., F.R.GS. 
(Pres. E, 1902). 23 Lansdowne-crescent, W. 

*Holdsworth, C.J. Sunnyside, Wilmslow, Cheshire. 

THolgate, Benjamin, F.G.S. The Briers, North Park Avenue, 
Roundhay, Leeds. 

tHolland, Mrs. Lowfields House, Hooton. 

THolland, Thomas H., F.G.S. Geological Survey Office, Calcutta 

{Holliinder, Bernard, M.D. King’s College, Strand, W.C. 
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Year of 
Election. 


1886. 
1885. 
1885. 
1866. 
1892. 
1882. 
1896. 
1897. 
1875. 
1847. 


1892. 
1865. 
1877. 


1901. 
1884. 


1882. 
1871. 


1858. 
1891. 
1898. 
1885. 


1902. 
1875. 


1884. 
1887. 
1893. 


1884. 
1899. 
1859. 
1896. 
1886. 


1887. 
1896. 
1884. 
1888. 


1893. 
1885. 
1887. 
1899. 


1901. 
1886, 
1876, 
1899. 
1889. 


tHolliday, J. R. 101 Harborne-road, Birmingham. 

tHollingsworth, Dr. T. 8S. Elford Lodge, Spring Grove, Isleworth. 

*Holmes, Mrs. Basil. 5 Freeland-road, Haling, Middlesex, W. 

*Holmes, Charles. 24 Aberdare-gardens, West Hampstead, N.W. 

{Holmes, Matthew. Netherby, Lenzie, Scotland. 

*Hotwes, THomas VINCENT, F'.G.S. 28 Croom’s-hill, Greenwich, S.E. 

{Holt, William Henry. 11 Ashville-road, Birkenhead. 

tHolterman, R. F. Brantford, Ontario, Canada. 

*Hood, John. Chesterton, Cirencester, 

tHooxer, Sir Joserpn Darron, G.OSL, O.B., M.D., D.C.L., 
LL.D., F.R.S., F.LS., F.G.8., F.R.G.S. (PRismpent, 1868; 
Pres. E, 1881; Council 1866-67). The Camp, Sunningdale, 
Berkshire. 

tHooxer, Rueivanp H., M.A. 3 Gray’s Inn-place, W.C. 

*Hooper, John P. Deepdene, Streatham Common, S.W. 

*Hooper, Rev. Samuel F., M.A. Lydlinch Rectory, Sturminster 
Newton, Dorset. 

*Hlopkinson, Bertram, M.A. Holmwood, Wimbledon. 

*Hopxinson, CHartes (Local Sec. 1887). The Limes, Didsbury, 
near Manchester. 

*Hopkinson, Edward, M.A., D.Sc. Oakleigh, Timperley, Cheshire. 

*Hopxrnson, Jonny, Assoc.M.Inst.C.E., F.L.S., F.G.S., F.R.Met.Soc. 
84 New Bond-street, W.; and Weetwood, Watford. 

tHopkinson, Joseph, jun. Britannia Works, Huddersfield, 

tHorder, T. Garrett. 10 Windsor-place, Cardiff. 

*Hornby, R., M.A. Haileybury College, Hertford. 

tHorne, Joun, LL.D., F.R.S., F.RS.E., F.G.S. (Pres. C, 1901). 
Geological Survey Office, Sheriff Court-buildings, Edinburgh. 

§Horner, John, Chelsea, Antrim-road, Belfast. 

*Horniman, F. J., M.P., F.R.G.S., F.L.S. Falmouth House, 20: 
Hyde Park-terrace, W. 

*Horsfall, Richard. Stoodley House, Halifax. 

tHorsfall, T. C. Swanscoe Park, near Macclesfield. 

*Horstpy, Sir Vicror A. H., B.Sc, F.RS., F.R.C.S. (Council 
1893-98.) 25 Cavendish-square, W. 

*Hotblack. G.S. Brundall, Norwich. 
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{Mould, Rev. J.G., B.D. Roseland, Meadfoot, Torquay. 

*Moutton, J. FiercHpr, M.A., K.C., M.P., F.R.S. 57 Onslow- 
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*Munby, Alan E. Felstead, Essex. 

Munby, Arthur Joseph. 6 Fig ‘Tree-court, Temple, E.C. 

f{Munro, Donald, M.D., F.C.S. The University, Glasgow. 
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1890. *Myrzs, Jonn L., M.A., F.S.A. Christ Church, Oxford. 
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1883. *Neild, Theodore, B.A. The Vista, Leominster. 


1887 
1855 


. {Neill, Robert, jun. Beech Mount, Higher Broughton, Manchester. 
. tNeilson, Walter. 172 West George-street, Glasgow. 


70 


Year of 


LIST OF MEMBERS. 


Election. 


1897. 
1868. 
1898. 


1866. 


1889. 
1869. 
1889. 


1901. 
1886. 
1901. 
1889. 
1860. 


1892. 


1867. 
1866. 


1887. 
1884. 


1883, 

1887, 
1893. 

1887. 
1901. 
1885. 
1896, 
1878. 


1877. 
1863. 


1879. 
1887. 
1868. 


1888. 
1865. 
1872. 
1883. 


1886. 
1894. 


1896. 
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tNickolls, John B., F.C.S. The Laboratory, Guernsey. 

{Nickson, William. Shelton, Sibson-road, Sale, Manchester. 

tNicot, James, City Chamberlain. Glasgow. 
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shire 

Norton, The Right Hon. Lord, K.C.M.G. 35 Eaton-place, 8.W.; 
and Hamshall, Birmingham, 

tNorton, Lady. 35 Eaton-place,S.W.; and Hamshall, Birmingham. 
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tOgilvie, Alexander, LL.D. Gordon’s College, Aberdeen. 

{Ogilvie, Campbell P. Sizewell House, Leiston, Suffolk. 

{Oernvre, F. Grant, M.A., B.Sc., F.R.S.E. (Local Sec. 1892). 
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fOurver, Dantet, LL.D.,F.R.S., F.L.S., Emeritus Professor of Botany 
in University College, London. 10 Kew Gardens-road, Kew, 
Surrey. 
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1863, {Parrinson, Jonny, F.C.S. 75 The Side, Newcastle-upon-Tyne. 

1879. *Patzer, F. R. Clayton Lodge, Newcastle, Staffordshire. 

1883, {Paul, George. 10 St. Mary’s-avenue, Harrogate. 

1892. {Paul, J. Balfour. 30 Heriot-row, Edinburgh. 

1863. {Pavy, Freperrck WitrAM, M.D., F.R.S. 35 Grosvenor-street, W. 
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Brussels ......... Royal Academy of | —— ......... University Library. 

Sciences. Miunichy oc. .asc: University Library. 
Charkow ......... University Library. Naples............ Royal Academy of 
Coimbra ......... Meteorological Ob- Sciences. 

servatory. BEY a1 Siernpenpoctant: Association Francaise 
Copenhagen ...Royal Society of pour l’Avancement 

Sciences. des Sciences. 
Dorpat, Russia... University Library, SIN aes Sao Geographical Society. 
Dresden .........Royal Museum. = sececcccecee Geological Society. 
Frankfort ...... Natural History So- | —— ............ Royal Academy of 

ciety. Sciences. 
Geneva............ Natural History So- | ——  ............ School of Mines. 

ciety. Pultova ......... Imperial Observatory. 
Gottingen ......University Library. Romey ec... +-t00 Accademia dei Lincei. 
(Ci ee Naturwissenschaft- Se tase iseacaceen Collegio Romano. 

licher Verein. ECO Italian Geographical 
EIRNGe seaasecn-s- Leopoldinisch-Caro- Society. 

linische Akademie. | ——  ............ Italian Society of 
Harlem ......... Société Hollandaise Sciences. 

des Sciences. St. Petersburg . University Library. 
Heidelberg ...... University Library. | —— ............ Imperial Observatory. 
Helsingfors......University Library. Stockholm ...... Royal Academy. 
MCDA cs nassscorssss University Library. PUTIN | i eiessesss se Royal Academy of 
Kazan, Russia ... University Library. Sciences. 
Bees ctnsecsesei Royal Observatory. Utrecht .<-.....: University Library. 
ERG Veet. aso sen sees University Library. Vienna............ The Imperial Library. 
Lausanne......... he! Wniversttye 0) (hy) =——=_-c--seessvene Central Anstalt fir 
Leyden ......... University Library. Meteorologie und 
TAG ZO ....2.2-- 00s University Library. Erdmagnetismus. 
Pisbon ............ Academia Real des | Zurich............ General Swiss Society. 

Sciences. 

ASIA. 

ESOTUN Coca tdoncse ds The College. Calcutta ......... Medical College. 
Bombay ......... Elphinstone Institu- | —— __......... Presidency College. 

tion. Ceylon............ The Museum,Colombo. 
———_ eveeenees Grant Medica] Col- | Madras............ The Observatory. 

GOH eR! fy Ween oS cava University Library. 
Calcutta ......... Asiatic Society. okyOmeecwcectaece Imperial University. 
— rile eee Hooghly College. 

AFRICA. 


Cape of Good Hope . 


. The Royal Observatory. 
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AMERICA. 
Albany .........The Institute. | New York......American Soc 
Amherst ......... The Observatory. Civil Engin 
Baltimore ...... Johns Hopkins ait Cee oe Lyceum of N 
versity. é History. 
Boston..,.......- .American Academy of | Ottawa .........Geological Su 
Arts and Sciences. Canada. 
California ...:.. The University. Philadelphia.. American Phil 
Sy) ae eneenn Lick Observatory. 
Hae Sod Academy of Science. | —— _ ......... 
Catiendize .-....Earvard University | -—— ....... 
Library. : 
Chicago seoeeeee-American § Medical) Toronto ...... 
Association. —$seeveenee 
— .....Field Columbian Mu- 
0 NO a un a =e SPA The Datvoratile 
Kingston .........Queen’s University. Washington ...Bureau of Ethn 
Manitoba ......... Historical and Scien- | —— ..... ....smithsonian | 
tific Society. 
Mexico .........Sociedad Cientifica |; —— _......... 
‘ Antonio Alzate’ | —— .........United S 
Missouri ......... Botanical Garden. ee i 
Montreal ......... Council of Arts and 
Manufactures. ——veceneees Library of ( 
—-- seseeeeee McGill University. —— sees .-Board of A 
AUSTRALIA, 
Adelaide. . . . The Colonial Government. 
. . . . The Royal Geographical Societ 
Brisbane . . . . Queensland Museum. ‘ 
Melbourne . . . Public Library. 
Sydney . . . . Public Works Departoieati 
—— . . . . Australian Museum, 
Tasmania. . . . Royal Society. 
Victoria . . . . The Colonial Government. 
NEW ZEALAND. 
Canterbury Museum. 
\> 
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